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Abstract
Study design It is a longitudinal pilot study.
Objectives To investigate the feasibility of a low-cost and widely used fitness tracker with step count and heart rate data to
monitor daily physical activity in wheelchair users with spinal cord injury (SCI).
Setting Dutch community.
Methods Six participants with SCI who were in training for a handbike event were recruited. They were asked to wear a
Fitbit Charge 2® 24 h a day for at least 2 weeks and were questioned about the utility and user-friendliness of this device.
Results Five out of six participants managed to wear the device nonstop for 2 weeks, and continued to wear the device after
this initial period. Most participants were enthusiastic about the direct feedback provided by the tracker and reported the data
to be accurate. Data collected during more than 2 months of three participants and during 8 months on one of them showed
the possibility of detecting training days and observing interpersonal and intrapersonal variation in daily physical activity
level.
Conclusions A commercially available, low-cost, self-monitoring multi-sensor wrist device or a fitness tracker like the Fitbit
Charge 2® can be a promising instrument to monitor daily activity levels among wheelchair users with SCI. The free
commercial dashboard and log data clearly show trends of variations in physical activity and increases in heart rate, which
are of value to both researchers and clinicians interested in identifying training schedules of wheelchair athletes.

Introduction

The benefits of physical activity for health and well-being
have been well established for able-bodied people, as well
as for persons with spinal cord injury (SCI) who use a
wheelchair for everyday mobility [1–3]. This last group
often shows lower levels of daily physical activity and
participation in sports. Therefore, the importance of stimu-
lating physical exercise and daily activity has gained
recognition [4–6].

Guiding physical training or an active lifestyle of people
with SCI is often hampered by lack of accurate feedback
about the actual amount of training or physical activity. A
self-report of training activities has been proven unreliable
in able-bodied persons and wheelchair users alike [7, 8]. It
is therefore recommended to measure physical activity
using movement sensors [9]. However, monitoring physical
activity in manual wheelchair users, poses specific chal-
lenges for movement registration [10–12]. Multiple accel-
erometers, mounted to the wheelchair and the body have
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been used to measure wheelchair-driving accurately [12–
15]. The limitations of these devices are that the systems on
the wheelchair and body are complex. Their use during
daily activities and training activities in particular is
unpractical. Physical activity monitors were able to distin-
guish between active wheelchair propulsion and other non-
propulsive wheelchair-related activities in a laboratory set-
ting [16]. Compliance in long-term use to monitor daily
activities in free-living conditions, including training
activities has been a problem in previous research on
accelerometers, as well as activity monitors in behavioral
change programs in people with SCI [17].

In the general population, low-cost, easy-to-wear, com-
mercially available activity trackers, including heart rate
detection at the wrist have become widely used for mon-
itoring training or daily activities to support a healthier
lifestyle [18]. Recent evidence suggests that the provision of
a fitness tracker is an ineffective intervention to support
weight loss [19]. However, health is a more complex con-
struct than merely body composition alone. Other
researchers have concluded that these multi-sensor trackers,
by combining movement and heart rate data, can detect
gross increases in energy expenditure during exercise,
making these wearables useful for detecting changed
behavior in activity levels and possibly monitoring of
training time [20]. These self-monitoring multi-sensor
wearables monitor heart rate and step-count, the latter being
inappropriate to our population with SCI. However,
research has shown that it might be worthwhile exploring
commercially available multi-sensor activity trackers,
including heart rate detection also in wheelchair users [9].
Although the algorithms used to calculate step-counts and
energy expenditure in these consumer-level activity trackers
are based on ambulatory individuals, they have also shown
to detect variations in physical activity in healthy indivi-
duals who use manual wheelchairs and arm crank erg-
ometers at higher movement frequencies [21]. While this
has not yet been tested in experienced manual wheelchair
users with SCI, it seems possible to detect gross variations
in physical activities with these activity trackers in wheel-
chair users. Therefore, we believe that they might also be a
useful instrument to monitor training activities in this
population, even when their physical activity does not
include actual steps. As step-count trends are the main
output used on online platforms of athletes, we wondered if
our participants can still benefit from the motivation of
comparing their step-counts and trends in physical activity
levels with peers who may or may not be wheelchair users.

The HandbikeBattle (HBB) is an annual mountain time-
trial for handcyclists in Austria in June. Participants are
former patients of one of 12 rehabilitation centers in the
Netherlands. They follow an individualized training pro-
gram and are guided by health professionals from the

centers during a training period of about 6 months before
this event [22]. During this time, they record their training
activity in an online diary. Being involved in the training of
the HBB team from the region of Utrecht, we wanted to get
insight into the training schedules of our participants and
also into their overall daily physical activity during this
training period. We aimed to determine if a commercially
available activity tracker with heart rate detection could be
used for this goal.

Therefore, the aim of our pilot study was to investigate
the feasibility of using a commercial multi-sensor self-
monitoring wrist wearable to monitor physical activities in a
group of participants with SCI from the region Utrecht
while training for the HBB 2017.

Methods

Design

Longitudinal pilot study.

Participants

All six participants with SCI of the HBB 2017 team of De
Hoogstraat Rehabilitation in Utrecht were invited for this
study. The study protocol was approved by the Institutional
Review Board of De Hoogstraat Rehabilitation and parti-
cipants signed an informed consent form for the national
research group that is involved in the HBB [22].

Instruments

As part of the HBB, all participants were asked to log their
training activities in a digital diary, using an online log, e.g.,
Strava® or another digital program [22]. Strava® is an online
social network for athletes to log training in distance, time,
velocity, and altitude. One participant synchronized Strava®

with Fitbit® after 6 months of usage. All participants
underwent a medical screening before their training started,
which included a Lausanne statement, physical exam, an
ECG, and a graded exercise test with peak oxygen uptake
(VO2peak) measurement. The protocol of this test is
described in detail by Hoekstra et al. [22].

We used the Fitbit Charge 2® (San Francisco, CA) as an
example of a low-cost, multi-sensor, self-monitoring wrist
device available on the consumer market (Fig. 1). Fitbit® is
the most commonly used brand regarding movement sen-
sors in the Netherlands and the Fitbit Charge 2® has proven
to be a useful and reliable activity tracker in medical
research previously in patients with chronic conditions other
than SCI [23–28]. The arm or wrist is the preferred ana-
tomic location of a fitness wearable in people with SCI, as
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this is the most suitable location for wheelchair users as
movement often involves the upper extremities and it does
not interfere with activities of daily living [13, 29, 30]. The
device contains a three-axis accelerometer which tracks
motion patterns, an altimeter, which tracks altitude changes,
and an optical heart rate tracker, which continuously
monitors heart beats. The Fitbit® dashboard and log were
used to obtain the Fitbit® data on exercise history and pro-
gress toward a weekly exercise goal and beats per minute
(BPM). The outcome data were heart rate, step-count every
5 min, and total step-count per day.

A questionnaire was designed to guide a one-to-one
semi-structured interview on the usage and accuracy of the
Fitbit Charge 2® by the participants. They were asked about
its user-friendliness, comfort, subjective experience of the
accuracy of outcome measurements, and usability of the
heart rate sensor during training for the HBB.

Procedure

All our participants were provided with a Fitbit Charge 2®

wrist device and all participants were asked to wear it 24 h a
day for at least 2 weeks, only taking it off when showering,
swimming, and charging. The wearables were provided

during a group session in which usage and benefits of
training with a heart rate monitor were explained. During
the group training directly after this session, all participants
gained their first experience with the device. Five out of six
continued to wear the Fitbit Charge 2® wrist device after the
2-week period they agreed to. Three participants either
bought their own Fitbit Charge 2® or continued to wear the
provided Fitbit Charge 2® and allowed the researcher access
to their data for more than 2 months, and one of them for
9 months.

A free-of-charge Fitbit® account was opened for every
participant that could be accessed by the participant and the
researcher. The local health care professionals guiding the
participants during their 6 months of training did not get
access to the Fitbit data and participants were asked to
continue their use of the training diaries during the course of
the pilot study. The data from the training diaries, when
available, were compared with the Fitbit data.

One month later at the next group training, all partici-
pants were interviewed on their experience with the usage
of the wearable.

Results

The characteristics of the six participants are shown in
Table 1. The results of the interviews 1 month after the
distribution of the Fitbit Charge 2® are summarized in Table
2. Most participants expressed their enthusiasm about the
use of the Fitbit Charge 2® and found the results of the total
step count a valid source to objectify training activity on
certain days compared to other days. One participant had
limited hand function as a result of altered sensitivity unable
to wear the device for more than 3 days. Figure 2 shows the
total daily step-counts of these three participants during the
first few months of training for the HBB. These figures are
copied from the Fitbit dashboard of the participants. The
figure clearly shows the intrapersonal and interpersonal
differences in total step count on different days of the week.
Training days are best visible in participant 2 from the end
of February and participant 5 from the start in January, as on
certain days their step count was approximately more than
twice as high compared to other days. Participant 3 showed
a different pattern, with higher step-counts on weekdays
compared to weekend days, and without a clear differ-
entiation between training days and non-training days.
Figure 2 also shows interpersonal differences in total daily
step-counts. Participant 3 showed by far the highest daily
total step-counts, with an average of 7500 steps a day from
the start of the measurements against participants 2 and 5
with a bit over 3500 and 5500 steps a day, respectively. The
interviews and the training diaries of participants 2 and 5
informed us that indeed participant 2 started later with his

Fig. 1 Example of a Fitbit Charge 2® multi-sensor wrist device
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training schedule. Participant 5 already exercised with his
handbike regularly before the start of the HBB training in
January and participant 3 also used her handbike to com-
mute to her workplace daily in addition to her training
activities, which explains her lower step counts on non-
working days. She had a less active week the last week of
February, when she had an infection.

Participant 3 unfortunately did not monitor her training
activities in an online diary. Comparison of Fitbit data with
the training diaries of participants 2 and 5 showed high
agreement between both sources. Figure 3 shows an
example of this high agreement between the self-reported
training activities of participant 2, as reported in the Strava®

app compared to the Fitbit total daily step count. He typi-
cally only trained on Saturdays and Sundays during this
month.

Combining data on acceleration and heart rate gives a
more detailed insight into the intensity of the physical
activity or training, as illustrated in Fig. 4. Figure 4 left side
shows the step-count and intensity of one day out of the
month displayed on the right side. It shows quite clearly the
start and ending of handbike training as both heart rate and
step count increase and decrease simultaneously.

Participant 2 volunteered to wear his Fitbit Charge 2® for
9 months 24 h a day, until several weeks after the HBB in
June 2017. These data are shown in Figs. 5 and 6. Figure 5
shows the increase in total step-counts up to the marked

week of the HBB and the decrease thereafter. The hor-
izontal dotted line shows the self-chosen goal of 5000 steps
a day of participant 2. Figure 6 shows in more detail the
weekly physical activities and the training effect of parti-
cipating in an event like the HBB and the gradual decrease
in physical activities thereafter.

Discussion and conclusions

Nonstop monitoring of physical activity with the Fitbit
Charge 2® for several weeks or months was feasible in five
out of six wheelchair-dependent persons with SCI.
Although the algorithms of this tracker are not adjusted to
non-ambulatory people, we showed the data of the Fitbit®

dashboard and logs to be descriptive and relatively mean-
ingful even without knowing the appropriate units for the
digits or calculated counts. Data collected during more than
2 months on three participants and during 8 months on one
participant showed the possibility of detecting training days
and observing interpersonal and intrapersonal variations in
daily physical activity.

We found excellent compliance in wearing the device
24 h a day, 7 days a week (24/7) for more than 2 weeks,
and even several months. Most studies on physical
activity among persons with SCI limited their use of an
accelerometer to 7 consecutive days and often

Table 2 Results of the
compliance and satisfaction
questionnaire after usage of a
Fitbit Charge 2 in six
participants

Number of participants 1 2 3 4 5 6

Still wore the Fitbit at 4 weeks? No Yes Yes Yes Yes Yes

During 24 h a day? Yes Yes Yes Yes Yes Yes

Do you believe the results to be valid? Yes Yes Yes Not alwaysa Yes Yesb

Do you find the device comfortable to wear? No Yes Yes Yes Yes Yes

Did you use the HR option for training? Yes Yes Yes No, I used Garmin Yes Yes

Did you check the data online yourself? Yes Yes Yes Yes Yes Yes

HBB HandbikeBattle, d days, m month, w weeks, HR heart rate
aI thought the Garmin was more reliable
bComparable to Tomtom device that I also used

Table 1 Characteristics of six HandbikeBattle participants who participated in wearing a Fitbit Charge 2® wearable 24 h/day, 7 days/week, for at
least 2 weeks and their baseline fitness characteristics

No. Age Gender Time since injury
(months)

Type of
SCI

Cause Length (m) Weight (kg) BMI (kg/
m2)

VO2 peak (L/
min)

VO2 peak/kg (ml/
kg/min)

1 65 M 6 C7 AIS C Trauma 1.80 81.9 25.3 1.46 18

2 55 M 23 T9 AIS A Trauma 1.90 82 22.7 2.02 25

3 27 F 10 T11 AIS A Trauma 1.78 63 19.9 1.34 21

4 49 M 10 T5 AIS D Ischemic 1.81 77 23.5 2.00 26

5 60 M 58 T3 AIS A Trauma 1.82 110 33.2 2.60 24

6 52 M 333 T7 AIS A Trauma 1.94 118 31.4 3.15 27

No number of participants, F female, M man, SCI spinal cord injury, AIS ASIA Impairment Scale, BMI body mass index, VO2 peak peak oxygen
consumption measured during incremental exercise test
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participants failed to wear the devices that are long [7, 31,
32]. This high compliance indicates that it is possible to
monitor physical activity, such as training for a sport
event during long periods of time. The way of distributing
the devices might contribute to the high compliance in

our study. The participants were able to use the device for
the first time in a training group session after an education
session on the importance of training with heart rate
measurement. Our participants were enthusiastic about
the fact that only they had access to the data and received

Fig. 2 Daily Fitbit activity data
(step count) during the first
2 months of training for three
participants

Spinal Cord Series and Cases  (2018) 4:84 Page 5 of 10  84 



immediate feedback. This is in line with self-management
being an important value in the rehabilitation of persons
with SCI. Previous research in wheelchair-users was
mainly done with an Actigraph® accelerometer, which
does not provide participants the possibility to view their
own total step-count.

Although self-monitoring multi-sensor devices are
widely used to monitor physical activity in the general
population and in certain groups of patients [33], published
experience with such devices in persons with SCI or manual
wheelchair users in general is limited to a few studies in a
laboratory setting with the Sense Wear® Armband [34–36].

Fig. 3 Activity diary on Strava compared with activity data from Fitbit in March 2017 for participant 2

Fig. 4 Fitbit data from participant 2 of heart rate and step-count output in one day and shown in a month schedule with the days of the weeks
visible by letters
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The advantage of using a multi-sensor device to monitor
training activities as we did, is that it also measures heart
rate increase. We chose the Fitbit Charge 2 as an example of
a commercially available activity tracker as Fitbit wearables
are widely used and there are recent reports in medical
literature about its use in different patient populations [27,
37, 38]. Previous researchers found questionable results on
the accuracy of the Fitbit Charge 2® heart rate measurement
alone [28], but combining it with movement makes it a

useful tool when interested in long-term trends and training
activities [39]. An issue when using these commercially
available trackers is the privacy aspect, when logged data of
patients are used in daily medical practice. Another dis-
advantage is that most, but not all raw data are made
available for free. However, still we believe that our results
show the usability when interested in trends instead of the
exact energy expenditure.

In one of our participants, it proved difficult to identify
training days by measurement of total step-count only.
Figure 4 illustrates how combining the heart rate increase
with step-count might even more accurately detect training
activity in the log data. As movement detection is more
challenged in wheelchair users, the benefit of heart rate
increase as an indication of physical activity level and
training activities might be promising in detecting trends
more accurately in physical activity in this specific group.

Modern activity trackers with a heart rate sensor were
developed for use in the general population. Their algo-
rithms, which calculate the accumulation of step-counts and
moderate-to-vigorous intensity physical activity are not
applicable for individuals with SCI [40]. We do not measure
steps in our participants in a wheelchair. Nevertheless, we
have shown that with such a device, trends in physical
activity can be detected in wheelchair users as well. As in
the general population, these devices provide feedback to

Fig. 5 Two weekly total movement count during 6 months of follow-
up during the training for the HandbikeBattle and 2 months thereafter
of participant 2. HBB HandbikeBattle

Fig. 6 Total daily step-count of participant 2 after 8 months of monitoring with the HandbikeBattle visualized by a red oval
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users in trends in energy expenditure and are most suitable
for use in interventions of behavioral change [20]. Although
it was not the scope of our pilot study to monitor a beha-
vioral change in our participants, our results do illustrate
how this information could be used. The data of participant
2 show that his participation in the handbike event might
not have resulted in a more permanent behavioral change of
regular training activity. On the other hand, the trend in
physical activity could also have been the result of seasonal
training differences [41]. The data of participant 3 outline
the importance of combining physical exercise with daily
habits or routine, like commuting to work.

The advantage of wearing a device like this 24/7 is that it
becomes part of a routine and will provide data 24/7,
whereas self-reported diaries can be forgotten or unreliable
[42, 43]. The participants in our study were more compliant
in wearing their wearable, than completing in their activity
diary.

Limitations and future recommendations

Our pilot study has the limitations of a low number of
participants. There is missing data on self-reported training
activity, which is supported by the findings of other
researchers [7]. We are aware of the fact that while industry-
led innovation has improved the accuracy of consumer
monitors, the Fitbit Charge 2®, like other trackers is still not
yet equivalent to the best research-grade devices or to each
other [44]. We therefore acknowledge the need for quality
standards. We do not know how many “steps” in a handbike
differ from “steps” while wheeling a wheelchair in terms of
the amount of physical activity, which would be follow-up
research we would recommend pursuing. We need to study
if new innovative technologies on the consumer market can
be of use in our specific patient population even though they
were not designed for them. We should not let the fact that
new devices are released and hinder us in exploring their
use and potential benefit. We further used the free available
data from the manufacturer and made no effort to get access
to the raw data or develop wheelchair-specific algorithms to
analyze these data. Moreover, our findings are only gen-
eralizable to recreationally active athletes with SCI. We
acknowledge that no conclusions are yet to be made from a
single pilot study, but it does warrant investigating larger
groups of wheelchair users on the use of multi-sensor
wearables as a physical activity monitor.

Besides the usefulness of these devices in research set-
tings, one can also see a role for health professionals. It was
not the scope of our pilot study to intervene in the training
schedule, but participant 2 could have benefited from per-
sonalized advice of a more balanced training schedule
instead of training mainly on the weekends. The log data
might provide a way to communicate with persons about

their current physical activity and sport activity. This is of
course also true for online monitoring with apps like Strava,
but the activity tracker is an instrument to more accurately
detect 24/7 physical activity patterns. It could detect inter-
personal and intrapersonal differences that explain the
success of training schedules or behavioral change. We
believe that output from multi-sensor devices like Fitbit
Charge 2® could help us evaluate treatment interventions
like health education and training programs. Even in the
absence of comparable data, our results show the usefulness
of identifying individual patterns in daily, weekly, and even
monthly quantification of physical activity. Experiences
such as our own observations are important in the light of
what feedback patients at risk for chronic disease or illness
need in order to be motivated in healthy behavior. The fact
that they can share their trends in general online platforms
with friends and family improves participation in general.

In conclusion, a commercial, low-cost, easy-to-wear fit-
ness tracker like the Fitbit Charge 2® can be a promising
instrument to monitor training schedules and daily activity
levels among wheelchair-users with SCI. Our participants
found using this device to be easy, user friendly, and the
feedback to be valid and reliable.
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