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Abstract
Background: The use of physical activity (PA) monitors is commonly associated with an increase in habitual PA level in healthy
and clinical populations. The PiezoRx is a medical-grade PA monitor that uses adjustable step rate thresholds to estimate
moderate-to-vigorous physical activity (MVPA) and is a valid indicator of free-living PA in adults. Laboratory validation of step
count derived MVPA in adults is needed to justify the use of these monitors in clinical practice to track individuals’ progress
toward meeting PA guidelines that are based on MVPA, not steps.
Objective: The objective of our study was to assess the validity and interinstrument reliability of the PiezoRx to derive step
count and MVPA in a laboratory setting compared with criterion measures and other frequently used PA monitors in a diverse
sample of adults.
Methods: The adult participants (n=43; 39.4 years, SD 15.2) wore an Omron HJ-320 pedometer, an ActiGraph GT3X
accelerometer, and four PiezoRx monitors during a progressive treadmill protocol conducted for 6 minutes at speeds of 2.4, 3.2,
4.0, 5.6, 6.4, and 7.2 km/hour, respectively. The four PiezoRx monitors were set at different MVPA step rate thresholds (MPA
in steps/minute/VPA in steps/minute) 100/120, 110/130, height adjusted, and height+fitness adjusted.
Results: The PiezoRx was more correlated (intraclass correlation, ICC=.97; P<.001) to manual step counting than the ActiGraph
(ICC=.72; P<.001) and Omron (ICC=.62; P<.001). The PiezoRxs absolute percent error in measuring steps was 2.2%
(ActiGraph=15.9%; Omron=15.0%). Compared with indirect calorimetry, the height-adjusted PiezoRx and ActiGraph were
accurate measures of the time spent in MVPA (both ICC=.76; P<.001).
Conclusions: The PiezoRx PA monitor appears to be a valid and reliable measure of step count and MVPA in this diverse
sample of adults. The device’s ability to measure MVPA may be improved when anthropometric differences are considered,
performing at par or better than a research grade accelerometer.
(JMIR Mhealth Uhealth 2018;6(9):e10706) doi:10.2196/10706
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Introduction
Regular physical activity (PA) and exercise are associated with
a reduced risk of developing cardiovascular diseases, cancer,
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and diabetes mellitus [1]. However, most Canadians do not
engage in a sufficient level of daily activity with only 15%
meeting the PA guidelines of 150 minutes of
moderate-to-vigorous aerobic physical activity (MVPA) per
week and 35% achieving 10,000 steps per day [2]. The use of
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10706 | p.1
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PA monitors is one way of assisting individuals in increasing
their PA; meta-analyses of randomized controlled trials have
shown that the use of PA monitors increased the daily activity
of the healthy and diseased populations by 1800-2500 steps per
day [3,4]. Moreover, step count prescriptions provided by
physicians increased the daily step count by 20% and improved
the glycemic control of patients with type 2 diabetes and
hypertension after 1 year compared with the control group [5].
Several primary care providers identify that the lack of tangible
aids (ie, pedometers and resources to support PA) is a major
barrier in prescribing exercise [6]. Health care providers may
not use PA monitors as a measurement tool because of their
accuracy and reliability, particularly owing to the different
capabilities of popular commercial grade PA monitors in
measuring step count and MVPA [7]. Considering the
accumulating evidence on the benefits of PA and the clinical
outcomes of PA monitoring, the validity and reliability of such
patient-focused PA monitors must be evaluated. A greater
confidence in the measurement of accuracy may lead to an
increase in the use of PA monitors among health care
professionals.
Recently, a new piezoelectric PA monitor (PiezoRx, StepsCount
Inc, Deep River, ON, Canada) has been approved as a class 1
medical device by Health Canada, and this device may be
prescribed by health care providers to their patients for
monitoring PA. Moreover, the device uses adjustable step rate
thresholds to determine the time spent performing MVPA.
Factory settings of 100 steps per minute (spm) and 120 spm
were identified to correspond to moderate physical activity
(MPA; 3 metabolic equivalents, METs) and vigorous physical
activity (VPA; 6 METs), respectively, based on previous
indications for these thresholds from the literature [8-10].
However, the MVPA step rate thresholds differ when
considering individual anthropometric (ie, height) and aerobic
fitness differences [10-12]. Whether adjusting the MVPA step
rate thresholds according to factors known to influence step rate
bioenergetics improves the validity of the PiezoRx in measuring
MVPA is not known. A recent pilot study has shown that the
height-adjusted PiezoRx can accurately measure step count and
MVPA in a diverse sample of adults in free-living conditions
compared with accelerometry [13]. However, the use of the
ActiGraph as a criterion measure of MVPA may produce some
errors compared with direct counting of steps and indirect
calorimetry. In addition, only a single-adjusted PiezoRx was
used, and whether other MVPA thresholds are more accurate
is unclear. Therefore, the accuracy of multiple PiezoRx devices
set at individualized MVPA thresholds must be compared with
that of indirect calorimetry in a controlled laboratory setting.
Previous laboratory validation studies have used the older
versions of the device (SC-StepMX and SC-StepRx), and results
have shown that the device was better than research grade PA
monitors in measuring the step count of healthy children and
young adults [14], adults [15], and older adults [16]. When the
MVPA step rate thresholds (MPA/VPA) were increased to
110/130, the PiezoRx and a research grade accelerometer had
similar measurements for MVPA compared with indirect
calorimetry in children and young adults [14], although no study
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to date has compared the accuracy of the devices and indirect
calorimetry in measuring MVPA in adult populations.
Considering the potential of a medical-grade PA monitor to
assist health care providers in prescribing exercise and
monitoring the PA of their patients, the accuracy of such devices
in measuring step count and MVPA must be evaluated.
Therefore, this study aimed to assess the validity and
interinstrument reliability of these devices in measuring steps
and MVPA during a progressive treadmill walking protocol in
a diverse sample of adults.

Methods
Participants
A sample of 43 adults (25 women) aged between 20 and 64
years (mean age 39.4 years, SD 15.2) volunteered to participate
in this study. The average body mass index (BMI) and aerobic
fitness of the participants were 27.9 kg/m2 (SD 6.1) and 41.2
mL/kg/min (SD 10.2), respectively. The majority (n=24) of
participants answered “yes” to at least one question in the
Physical Activity Readiness Questionnaire Plus (PAR-Q+), and
they were cleared for MVPA [17]. Moreover, they completed
the Canadian Society for Exercise Physiology-Physical Activity
and Sedentary Behavior Questionnaire (CSEP-PASB-Q), which
is a valid and reliable measurement tool for weekly MVPA [18].
The participants self-reported their aerobic fitness levels based
on PASB-Q as poor (n=1), fair (n=6), good (n=12), very good
(n=13), and excellent (n=11). All participants were recruited
via a community-wide email and by word of mouth, and a
written informed consent was obtained from the participants.
The study was conducted in Wolfville, Nova Scotia, from May
2015 to September 2015, and it was approved by the research
ethics board of Acadia University (REB# 15-20).

Experimental Design
After the prescreening procedures, anthropometric (ie, height
and weight) measurements and aerobic fitness were evaluated
by a Canadian Society for Exercise Physiology-Certified
Personal Trainer according to published guidelines [19,20].
Aerobic fitness was predicted using the submaximal Ebbeling
protocol [21], as described in more detail below. After the
submaximal aerobic test, a resting period of 20-30 minutes was
allotted to ensure that the participants returned to a rested state;
then, four PiezoRxs, one Omron HJ-320, and one ActiGraph
GT3X accelerometer were placed around the waist of the
participants according to manufactures’ recommendations.
Thereafter, the participants were asked to complete the
multistage treadmill walking protocol to assess and compare
the validity of the ActiGraph, Omron, and PiezoRx with finite
step rate thresholds (ie, 100/120 and 110/130) and individualized
step rate thresholds (ie, height adjusted and height+fitness
adjusted) with that of the criterion measures of manual step
counting and indirect calorimetry.

Aerobic Fitness
Aerobic fitness was estimated using the Ebbeling walking
treadmill protocol [21]. The Ebbeling consists of two 4-min
walking stages. The first stage is designed to reach a speed that
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elicits 60% of the participants’ maximum estimated heart rate
(ie, 220–age). The second stage included the increase in the
incline by 5% and maintenance of the previously established
speed. Treadmill speed and steady-state heart rate were used to
estimate VO2 max using a prediction equation [20]. A submaximal
test was chosen over a maximal test for safety reasons and a
minimal influence after the walking assessment because it was
most practical to complete the fitness testing and step assessment
in a single session.

Physical Activity Monitors
Each participant used four PiezoRx pedometers (StepsCount,
ON, Canada), one ActiGraph GT3X accelerometer (ActiGraph,
FLA, the USA), and one Omron HJ-320 pedometer (Omron
Healthcare, Kyoto, Japan) that were attached on an adjustable
leather belt around their waist. All devices were worn in
accordance with the manufactures’ recommendations. In
particular, two PiezoRx and ActiGraph were fitted in line with
the left thigh, whereas the other two PiezoRx and Omron were
fitted in line with the right thigh. The ActiGraph accelerometer
was sampled at 30 Hz and was initialized to collect data using
15-second epochs. The ActiGraph cut point for MVPA was
>1952 counts [22]. The PiezoRx thresholds for monitoring
MVPA were set as follows: 100/120, 110/130, adjusted for
height, and adjusted for height+fitness (Table 1). The PiezoRxs
thresholds that were set at 100/120 and 110/130 were based on
the current literature that consistently showed that 100-110 spm
is equal to ~3 METs (ie, 10.5 mL/min/kg) and that 120-130 spm
is equal to ~6 METs (ie, 21 mL/min/kg) in adults [8-11,23,24].
Adjustments recommended for height and fitness were based
on previous literature and unpublished results in our laboratory
indicating height and fitness related changes in step rate
bioenergetics [10-12]. For these adjustments, baseline step
thresholds were chosen based on the available literature
indicating that 100 and 130 spm are heuristic cadence-intensity
thresholds for MPA and VPA, respectively [24].
An adjustment of 5 spm is appropriate for every 10 cm increase
(ie, 5 spm lower) or 10 cm decrease in height (ie, 5 spm higher)
based on the premise that shorter individuals must take more
steps to cover the same distance and therefore similar external
work. In addition, considering the known impact of
cardiorespiratory fitness on step rate bioenergetics [12], aerobic
fitness was proportionally associated with 10 spm adjustments
to step rate thresholds. For example, a VO2 max of “Excellent”
[19] resulted in an increase in MPA and VPA step rate
thresholds by 10 spm (eg, 110/140; see Table 1).
The distributions of MVPA step rate thresholds for the
height-adjusted PiezoRx were as follows: 90/120 (n=1), 95/125
(n=11), 100/130 (n=10), 105/135 (n=17), and 110/140 (n=4).
The distributions of MVPA step rate thresholds for the
height+fitness-adjusted PiezoRx were as follows: 90/120 (n=2),
95/125 (n=13), 100/130 (n=6), 105/135 (n=13), 110/140 (n=7),
and 115/145 (n=2).

Exercise Protocol
Once the participants were equipped with the activity monitors,
they were fitted with a headpiece, two-way nonrebreathing valve
(Hans Rudolph, Inc, KS, the USA), noseclip, and mouthpiece.
http://mhealth.jmir.org/2018/9/e10706/
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The metabolic cart (TrueOne 2400; Parvo Medics, UT, USA)
was calibrated using nitrogen and two primary standard gas
mixtures to an error rate of 0.01%. The pneumotachometer was
calibrated using a 3-L syringe that delivered fixed volumes at
different flow rates. Volume calibration was <0.1 L. They
proceeded to complete a 6-stage treadmill protocol at
predetermined speeds of 2.4, 3.2, 4.0, 5.6, 6.4, and 7.2 km/h at
0% grade, which correlated to a metabolic intensity average of
2.6 (SD 0.4), 2.8 (SD 0.4), 3.1 (SD 0.4), 4.3 (SD 0.4), 5.3 (SD
0.4), and 6.8 (SD 0.7) METs for each stage, respectively. Each
stage consisted of 6 min of walking to achieve a metabolic
steady state, followed by 4 min of rest. The steady-state VO2
was used as stage VO2 in the analysis to limit the variability
introduced by oxygen kinetics during the onset of exercise in
each stage. Steps were manually counted by two instructors for
2-3 and 4-5 min during each stage to determine the step count
criterion. A video camera was used to film the feet of the
participant in case the testers recorded >1 step difference during
a stage. The 6-stage protocol corresponded to stepping cadences
of 86 (SD 8), 97 (SD 7), 106 (SD 7), 120 (SD 7), 128 (SD 7),
and 139 (SD 8) spm for each stage, respectively. Data from the
PiezoRx and Omron monitors were extracted during the 4-min
rest phase with the participant straddling the treadmill, and the
devices were reset prior to the next stage. Data from the
ActiGraph were extracted at the end of the exercise. At the end
of each stage, the participants immediately straddled the
treadmill. Immediately prior to the start of the next stage, the
treadmill belt speed was increased to the necessary speed to
avoid differences in step count and MVPA that may occur during
treadmill acceleration or deceleration. The test was terminated
because of volitional fatigue if the participant reached 85% of
his or her estimated maximum heart rate (220 – age) or if they
finished all 6 stages of the protocol. An appropriate cool down
was administered by the instructor while monitoring their heart
rate recovery.

Data and Statistical Analyses
Data were analyzed using the Statistical Package for Social
Sciences software version 23.0 (IBM, NY, USA). A P value
<.05 was considered statistically significant. Manually counted
steps and MVPA obtained via indirect calorimetry were assessed
for normality using the Shapiro-Wilk test. Manually counted
steps were normally distributed (P>.05). However, MVPA
obtained via indirect calorimetry were not normal owing to the
number of walking stages composed of either 0 or 360 sec of
MVPA. Only the PiezoRx set at factory settings was used for
the validity of the step count analysis. The steps counted within
2-3 and 4-5 min for each stage were averaged and multiplied
by a factor of 6 to determine the number of steps for each 6-min
stage. In relation to this, the steps counted within 2-3 and 4-5
min were always within 2 step/min.
A two-way mixed-model intraclass correlation coefficients
(ICC) with measures of consistency were utilized to measure
the strength and consistency of each device’s capability to
measure steps with those of the criterion measure of manual
step counting. The Lin’s concordance coefficients (LCC) and
Bland-Altman plots (BAPs) were utilized to assess the
agreement between monitors and the criterion measures [25,26].
JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 | e10706 | p.3
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Table 1. Algorithm used to determine the PiezoRx height- and fitness-adjusted moderate-to-vigorous physical activity step rate thresholds.
Height, cm (ft in)

Height adjusted (MPA/VPAa thresholds)

Fitness classificationb (MPA/VPA thresholds)
Poor/fair

Good/very good

Excellent

140 (4’8”)

115/145

105/135

115/145

125/155

150 (5’0”)

110/140

100/130

110/140

120/150

160 (5’3”)

105/135

95/125

105/135

115/145

170 (5’7”)

100/130

90/120

100/130

110/140

180 (5’11”)

95/125

85/115

95/125

105/135

190 (6’3”)

90/120

80/110

90/120

100/130

200 (6’6”)

85/115

75/105

85/115

95/125

a

MPA/VPA: moderate physical activity/vigorous physical activity.

b

The ratings for aerobic fitness were based on normative values from the Canadian Society for Exercise Physiology (CSEP) physical activity and training
for health.

BAPs were also generated based on the steps measured using
the PiezoRx, ActiGraph, and Omron to determine the mean bias
(ie, overpredicted or underpredicted values) and the limits of
agreement (LoA; SD 95% of mean bias). A 4×6 (device×stage)
repeated measure analysis of variance (RM-ANOVA) was used
to assess the differences between the PiezoRx, Omron, and
ActiGraph steps as well as manual step counting across treadmill
stages. The absolute percent error (APE) of the PiezoRx,
ActiGraph, and Omron was calculated using the equation:
(|manually counted − device measured|)/(manually counted) ×
100%. The reliability of the PiezoRx step count function was
assessed using ICC and RM-ANOVA (device×stage) using all
four devices. Bonferroni post hoc testing was carried out for all
statistically significant RM-ANOVAs.
For each device and the metabolic cart, the amount of time spent
in performing MVPA for each walking stage was summed up
for full 6 min for analysis. The absolute MVPA difference per
stage (metabolic cart-device measured) and Spearman
correlation coefficients (SCCs) were used to assess and compare
the validity of the four PiezoRx devices and the ActiGraph
accelerometer in measuring MVPA with that of indirect
calorimetry. BAP was used to assess the agreement between
the height-adjusted PiezoRx and both indirect calorimetry and
the ActiGraph in obtaining MVPA measurement. The difference
in the absolute MVPA per stage (sec/stage) was calculated over
an absolute percent change owing to the dichotomous nature of
exercise stages (either the absence of time spent in MVPA or
comprised entirely of time spent in MVPA). As such, the
sensitivity and specificity rates of each device were calculated
to identify if the stage has moderate-to-vigorous intensity
compared with the metabolic cart. A stage was considered to
have a moderate-to-vigorous intensity if at least 80% of the
stage (ie, 288 sec) was greater than 3 METs (ie, 10.5
mL/kg/min).
The reliability of MVPA measurement obtained using the
PiezoRx was assessed using the absolute MVPA difference per
stage (|metabolic cart − device measured|) and SCCs for each
stage where the height-adjusted and height+fitness-adjusted
MVPA thresholds were equal (see Table 1; n=25).
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Results
Validity and Reliability of Step Count Measurement
Compared with manual step counting, the PiezoRx had a higher
intraclass correlation (ICC=.97; P<.001) and lower percent error
(2.2%, SD 5.4), than both the ActiGraph (ICC=.72, P<.001;
APE=15.9%, SD 26.8) and the Omron (ICC=.62, P<.001;
APE=15.0%, SD 29.0), as shown in Table 2, Table 3, and Table
4. As shown in Figure 1, Bland-Altman analysis revealed a fixed
bias of −6.4 steps (P=.001) with LoA of −63 and 51 steps for
the PiezoRx and manually counted steps. Step count differences
were observed between manual step counting and both the
ActiGraph and Omron during the first stage (2.4 km/h; both
P<.001) and second stage (3.2 km/h; ActiGraph: P<.001;
Omron: P=.04) but only the Omron during the fourth stage (5.6
km/h; Omron: P=.046).
ICC using all four devices showed an ICC interinstrument
reliability of 0.88 (P<.001), as shown in Table 5. All four
PiezoRx devices were included in the reliability of step count
analysis. Cases in which the height- and height/fitness-adjusted
step rate thresholds were identical were used for the MVPA
reliability analysis. The correlation was stronger (ICC>.90)
during the fastest walking stages (6.4-7.2 km/h) and was weakest
(ICC<.50) during the middle speed stages (4.0-5.6 km/h).
RM-ANOVA revealed no significant (P>.05) differences
between all four PiezoRx devices for measuring step count.

Validity and Reliability of Moderate-to-Vigorous
Physical Activity
The devices with the highest Spearman correlations in measuring
MVPA across all stages were the height-adjusted PiezoRx
(SCC=.80; P<.001) and the ActiGraph (SCC=.80; P<.001),
which also had similar absolute time differences per 6-minute
walking stage (height-adjusted PiezoRx: 53±93 sec/stage;
ActiGraph: 53±103 sec/stage). MVPA SCC of the PiezoRx
(100/120), PiezoRx (110/130), and PiezoRx (height+fitness
adjusted) were 0.74 (P<.001), 0.76 (P<.001), and 0.77 (P<.001),
respectively.
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Table 2. Two-way mixed-model intraclass correlation with measure of consistency.
Walking speed (km/h)

n

PiezoRx

Actigraph

Intraclass correlation

P value

(95% CI)a

Omron

Intraclass correlation

P value

(95% CI)a

Intraclass correlation

P value

(95% CI)a

2.4

43

.71 (0.53 to 0.83)

<.001

.16 (−0.15 to 0.44)

.88

.14 (−0.16 to 0.42)

0.92

3.2

43

.80 (0.67 to 0.89)

<.001

.22 (−0.09 to 0.49)

.36

.28 (−0.02 to 0.53)b

.04

4.0

42

.98 (0.97 to 0.99)

<.001

.70 (0.50 to 0.83)

<.001

.94 (0.90 to 0.97)

<.001

5.6

41

.99 (0.976 to 0.993)

<.001

.96 (0.93 to 0.98)

<.001

.39 (0.10 to 0.62)b

.03

6.4

38

.95 (0.91 to 0.98)

<.001

.93 (0.86 to 0.96)

<.001

.53 (0.26 to 0.72)b

.01

7.2

30

.99 (0.97 to 0.992)

<.001

.98 (0.95 to 0.99)

<.001

.66 (0.43 to 0.81)b

<.001

Overall

N/Ac

.97 (0.965 to 0.978)

<.001

.72 (0.65 to 0.77)

<.001

.62 (0.54 to 0.69)b

<.001

a

Three decimal places were used for clarity when necessary.

b

n=42.

c

N/A: not applicable.

Table 3. Lin’s concordance coefficient.
Walking speed (km/h)

Lin’s concordance coefficient (95% CI)a

n

PiezoRx

Actigraph

Omron

2.4

43

0.69 (0.51 to 0.81)

0.02 (−0.02 to 0.05)

0.05 (−0.02 to 0.13)

3.2

43

0.80 (0.67 to 0.89)

0.12 (−0.01 to 0.25)

0.21 (0.09 to 0.32)

4.0

42

0.98 (0.96 to 0.99)

0.67 (0.49 to 0.80)

0.92 (0.86 to 0.95)

5.6

41

0.99 (0.97 to 0.991)

0.95 (0.90 to 0.97)

0.26 (0.09 to 0.41)

6.4

38

0.95 (0.91 to 0.97)

0.92 (0.85 to 0.96)

0.53 (0.34 to 0.68)

7.2

30

0.98 (0.96 to 0.99)

0.96 (0.93 to 0.98)

0.66 (0.45 to 0.80)

0.97 (0.96 to 0.98)

0.64 (0.59 to 0.68)

0.61 (0.55 to 0.66)

b

Overall

N/A

a

Three decimal places were used for clarity when necessary.

b

N/A: not applicable.

Table 4. Absolute step difference between manually counted steps and steps measured using each device during treadmill walking.
Walking speed (km/h)

n

PiezoRx

Actigraph

Omron

Absolute step difference, P value

Absolute step difference, P value

Absolute step difference, P value

% (SD)a

% (SD)a

% (SD)a

2.4

43

6.2 (10.6)

.62

66.6 (22.3)

<.001

61.3 (37.1)

<.001

3.2

43

2.5 (5.4)

.81

18.0 (17.2)

<.001

19.2 (27.7)

.04

4.0

42

1.0 (1.0)

1.00

3.0 (6.5)

.20

1.8 (2.0)

1.00

5.6

41

0.8 (0.6)

1.00

1.3 (1.5)

.98

4.6 (16.3)

.05

6.4

38

1.0 (1.9)

1.00

1.5 (2.4)

.84

2.7 (8.6)

.30

7.2

30

1.1 (1.2)

.86

1.4 (1.4)

.98

2.8 (7.6)

.28

Overall

N/Ab

2.2 (5.4)

.87

15.9 (26.8)

.50

15.0 (29.0)

.48

a

Three decimal places were used for clarity when necessary.

b

N/A: not applicable.
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Figure 1. Bland-Altman plot analysis for manual step counting and the PiezoRx-determined step count.

Table 5. Reliability of the PiezoRx in measuring step count and moderate-to-vigorous physical activity.
Walking speed (km/h)

n

Step count

Moderate-to-vigorous physical activity

Intraclass correlation
(95% CI)

P value

Spearman correlation
coefficient

P value

Absolute difference
(sec/stage), % (SD)

2.4

25

.62 (.48 to.75)

<.001

.90

<.001

6.1 (17.3)

3.2

23

.59 (0.45 to 0.72)

<.001

.93

<.001

23.8 (55.1)

4.0

25

.33 (0.17 to 0.50)

.01

.92

<.001

22.8 (70.6)

5.6

23

.27 (0.12 to 0.49)

.02

.53

.02

2.4 (3.7)

6.4

23

.993 (0.988 to.996)

<.001

.78

.002

1.1 (2.4)

7.2

20

.98 (0.97 to 0.99)

<.001

.58

.01

3.0 (3.8)

Overall

N/A

.88 (0.86 to 0.90)

<.001

.95

<.001

10.4 (39.3)

Table 6. Sensitivity and specificity rate of each activity monitor in measuring moderate-to-vigorous physical activity.
Monitor

Sensitivity (%)

Specificity (%)

PiezoRx (100/120)

70.9

91.7

PiezoRx (110/130)

90.3

79.2

PiezoRx (height adjusted)

82.1

94.3

PiezoRx (height and fitness adjusted)

81.6

91.0

ActiGraph

83.0

89.6

The PiezoRx (110/130) had the highest sensitivity percentage,
whereas the height-adjusted PiezoRx had the highest specificity
percentage (see Table 6). As shown in Figure 2, BAPs revealed
a mean bias of 6.0 seconds (95% LoA: −186, 198) for the
height-adjusted PiezoRx in measuring MVPA relative to the
metabolic cart.
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In the sample of individuals in which the height-adjusted and
height+fitness-adjusted PiezoRxs were set at the same step rate
thresholds (n=25), SCC of the devices in measuring MVPA was
0.95 (P<.001), as shown in Table 5. The interinstrument
reliability was highest during the slowest stages (2.4-4.0 km/h;
SCC>.90). However, the absolute MVPA differences were
lowest during the faster stages (5.6-7.2 km/h; ≤3.0 sec per stage).
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Figure 2. Bland-Altman plot analysis for indirect calorimetry and the height-adjusted PiezoRx-determined moderate-to-vigorous-intensity physical
activity (MVPA).

Discussion
The objective of this study was to assess the validity and
interinstrument reliability of a medical-grade PA monitor in
measuring both step count and MVPA in a laboratory setting.
Compared with manual step counting, the PiezoRx had the
strongest correlations and a lower percent error than commonly
used research grade monitors. When the PiezoRxs MVPA step
rate thresholds were adjusted for height, the performance of the
device in measuring intensity-related PA was similar to that of
a research grade accelerometer.
The previous laboratory-based PiezoRx step count validation
studies have shown that the device was accurate when used in
a variety of populations [14-16]. Specifically, the 4-stage
(1.4-14.1 km/h) step count evaluation of the SC-StepMX
(previous version of the PiezoRx) by Colley et al [15] showed
an excellent agreement with the manual step counting (r2=0.97;
APE=−0.2%). The findings of this study were in accordance
with such findings for step count (APE=2.2%). Moreover, the
PiezoRxs was found as a reliable measurement tool for step
count across a variety of walking speeds (overall ICC=.88).
ICCs were higher in the earlier (1 and 2) and later (5 and 6)
stages but were lowest (ICC<.50) during stages 3 and 4 (4.0
and 5.6 km/h). However, the middle stages had the lowest APE
(~1.0%) when the counted steps obtained using the PiezoRx
were compared with the manually counted steps, and such result
indicates that the low ICC may be due to the similarity in the
number of steps in these stages (ie, less variance) with an
average of 120±7 and 128±7 spm, respectively. Overall, the
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device is a reliable measurement tool for step count, particularly
at slower walking cadence in which the PA monitoring devices
are more likely to have difficulty measuring.
The only laboratory-based investigation on the validity of the
PiezoRx device in measuring MVPA was conducted in children
and young adults [14]. However, the PiezoRx has previously
been used to measure MVPA in older adults [27], and it will be
used in an upcoming randomized control trial aimed at
increasing the number of steps per day of hospital employees
[28]. Saunders et al [14] have shown that the device is a valid
measurement tool for MVPA (r2=0.64), and it was even more
accurate when the step rate thresholds were increased from
100/120 to 110/130 (r2=0.82), and this was identical to the
correlation between indirect calorimetry and the ActiGraph.
Such results are consistent with those of this study in which the
height-adjusted PiezoRx and the ActiGraph were similarly
correlated to indirect calorimetry (SCC=.80). BAP comparing
MVPA measured via indirect calorimetry and the PiezoRx
(height adjusted) resembles a diamond shape with a large cluster
of data points with a mean difference of 0 (see Figure 2). The
diamond shape is due to the dichotomous nature of measuring
MVPA through walking stages in which the PiezoRx may
incorrectly identify a stage as 360 sec of MVPA, whereas the
metabolic cart did not detect any MVPA (average MVPA of
180 sec). In relation to this, the capability of the height-adjusted
PiezoRx and ActiGraph in distinguishing each walking stage
as MVPA or not was similarly good, as shown by their
sensitivity rates (PiezoRx, H: 82%; ActiGraph: 83%) and
specificity values (PiezoRx, H: 94%; ActiGraph: 90%).
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However, the PiezoRx devices set at 100/120, 110/130, and
height+fitness adjusted were not significantly different (SCC:
0.74-0.80) than the height-adjusted PiezoRx.
The Yamax Digiwalker has been used as a criterion for
comparing the capability of other devices in counting steps in
free-living environments [29,30]. Similar to the PiezoRx, the
Yamax also uses a piezoelectric sensor, which is consistent with
this study. A previous research in adults has shown that the error
rate of the Yamax Digiwalker (20.5%) was remarkably higher
than that of the SC-StepMX (APE=0.2%) [15]. In addition, the
Omron HJ-720 is more accurate than the ActiGraph GT3X+
and the Polar Active Accelerometer in laboratory-based and
free-living conditions [29]. This study showed that the Omron
and ActiGraph GT3X had similar validity in measuring step
count (~15% APE).
As previously mentioned, the PiezoRx had a similar or higher
accuracy rate than accelerometry in measuring intensity-related
PA. Accelerometers may be costly and require proprietary
software programs to access specific device data. Although
accelerometers may be convenient for researchers, their usability
among the general population is limited. After an explanation
of the device’s features and a 2-week monitoring, the
performance of the PiezoRx was good among a diverse sample
of adults and older adults [13]. More recently, the PiezoRxD
has been developed which uses Bluetooth technology for
uploading individual device data through a patient-focused
mobile phone app that serves as a platform for health care
providers and exercise professionals to access and provide their
respective behavior changes or behavior maintenance
approaches. In relation to this, the technology behind the
determination of step count and MVPA is identical between the
PiezoRx and PiezoRxD. Accurate devices that permit real-time
step and MVPA monitoring may assist the general public in
increasing their activity levels and may allow health care
professionals and exercise professionals to objectively monitor
and prescribe PA to their patients or clients with a goal of having
more Canadians adhere to the PA guidelines [31].

O'Brien et al
The use of a submaximal assessment of aerobic fitness may be
considered a limitation of this study. However, the single-stage
treadmill protocol has been previously validated [21], and its
use was to classify the aerobic fitness of the participants
according to different VO2 max ranges (excellent, very good,
good, fair, or poor), which would be conducted in a clinical
setting. As such, we believe that this limitation is minor relative
to the validation of this device for clinical use. One limitation
of PA studies is that they primarily appeal to physically active
populations, potentially biasing the testing cohort to have a
higher fitness compared with the general public. The population
of this study had a wide range of BMI (17.9-42.5 kg/m2) and
predicted VO2 max (20.4-58.9 mL/kg/min); therefore, our results
are generalizable to the general public. Although the sample of
the study was heterogeneous in nature and was designed to be
representative of a typical patient population (56% answered
“yes” to at least one question on the PAR-Q+), the participants
were aged between 20 and 64 years; thus, the results may not
be extrapolated to young or older adults. Hence, future studies
should investigate the validity and reliability of the PiezoRx in
measuring step count and MVPA in these populations who
typically have shorter stride lengths and higher stride rates at a
given walking velocity. In addition, the accuracy of the PiezoRx
should be compared across a variety of movements, such as
running, incline walking, stair walking, etc, that may affect the
accuracy of this device.
The PiezoRx medical-grade PA monitor is a valid and reliable
tool for measuring step count and intensity-related PA among
a diverse sample of adults in a laboratory setting. The accuracy
of the device in measuring MVPA may be similar to that of a
research grade monitor, and it may be even more accurate than
other frequently used PA monitors in measuring step counts.
The PiezoRx may be a cost-effective alternative to research
grade monitors that are used by primary care providers and
exercise professionals in providing step-based exercise
prescriptions.
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