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Background

* Methods to assess physical activity in people using wheelchairs are
limited.*

* Wheelchair-mounted devices such as accelerometers and
gyroscopes - have been shown to exhibit acceptable reliability and
validity for quantifying activity during outdoor sports, treadmill-
based pushing and standardised, overground pushing tasks.>*

* However, findings from these studies cannot be confidently
generalised to wheelchair activity performed in free-living
environments.?

1. Conger SA, Scott SN, Fitzhugh EC, Thompson DL, Bassett DR. Validity of Physical Activity Monitors for Estimating Energy Expenditure During Wheelchair

Propulsion. J Phys Act Health. 2015;12(11):1520-6. T U
2. Lemay V, Routhier F, Noreau L, Phang SH, Ginis KA. Relationships between wheelchair skills, wheelchair mobility and level of injury in individuals wi spinal OHEQ NIVERSITY
cord injury. Spinal Cord. 2012;50(1):37-41. \ » UF QUEENSLAND

3. Sonenblum SE, Sprigle S, Caspall J, Lopez R. Validation of an accelerometer-based method to measure the use of manual wheelchairs. Med Eng Phys. AUSTRALIA

2012;34(6):781-6. o ® o0—0 o
4. Hiremath SV, Ding D, Cooper RA. Development and evaluation of a gyroscope-based wheel rotation monitor for manual wheelchair users. J Spinal Cord Create Change
Med. 2013;36(4):347-56.



Background

« Commonly used device to monitor distance and speed during
wheelchair-based aerobic exercise sessions are commercially
available cycling computers, including the Cateye®. Evidence
Indicates that cycling computers provide valid measures of
distance and speed during continuous wheelchair driving on a
motor driven treadmill and linear track tests. >/

» Recently, a wheelchair-mounted, gyroscope-based device called
Wheeleri has been developed specifically for the purpose of
monitoring speed and distance of wheelchair-based activities in
free-living environments. However, the validity of the device has
not yet been evaluated.
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> alm of the study

he aim of this study was to evaluate the validity of two wheelchair-
mounted devices - the Cateye® and the Wheeleri —using a standardised
protocol designed to replicate activities of daily living typically
performed by manual wheelchair users.

Wheeleri
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Device setting
Cateye® Wheeleri

Cateye® magnet

S

Wheeleri the data
acquisition unit

Wheeleri magnetic plate

G

Wheeleri mobile App

Cateye® speed
sensor

Cateye® computer
(data logger)




Methods

* This study was part of a larger body or research investigating the validity of
multiple physical activity measures in wheelchair users, with data collected

in Finland and in Australia.

* The validity of the speed and distance estimates of the Cateye® and the
Wheeleri was evaluated using separate protocols. The criterion measure
was measured speed and measured distance.

* Agreement between measured and estimated speed (km/h) and measured
and estimated distance (m) were evaluated by calculating mean bias with
95% limits of agreement and mean absolute percentage error (MAPE).

* The accuracy level for MAPE was classified as:
* “good” = MAPE was <5%;
e “moderate” when MAPE was >5% but <10%;

THE UNIVERSITY
* “poor” when MAPE was >10% but <20%; and .. jp OF QUEENSLAND
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Speed protocol

* In speed protocol an unoccupied
chair was mounted on a
calibrated treadmill.

* An incremental speed protocol
was used, beginning at 1.5km/h
and increasing by 0.5km/h after
every minute until 10km/h

(in total 17 minutes).




Distance protocol

* Testing was undertaken in the participant’s own wheelchair in public
sporting gymnasiumes.

 Participants completed 18 discrete tasks (with 30 activities), that were
designed to reflect the common wheelchair-based activities of daily

living.
» Tasks were divided into four categories for analysis:
1. Wheelchair propulsion — linear, discontinuous;
2. Wheelchair propulsion — continuous with turning in one direction;

3. Wheelchair propulsion — with maneuvering; i e Uy
4. Confined Space Maneuvering. Nt ramnin AN
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Categoriez (4) | Tazk= (18) Diztance (m)
1. Whesalchair 1. Pusch chair forward 20m at z2lf-selected COMFORTAELE pacs with stop at 10m; 20m
propulsion — 2. Push chair forward 20m at zalf-zelacted BRISE pace with stop at 10m 20m
linear 3. Push chair forward 20em at salf-selected FAST pace with stop at 10m 20m
dizcontimmons 4. Beversa char backward 20m af self-selected pace with stop at 10m 20m
3. Puch chair forward 18m at zalf-zelacted pace with stops at 6, 12 and 18m 13m
6. Pushing the chair backward 18m at self-selected pace with stops 2t 6, 12 and 18m 13m
Total; 116m
2. Wheelchair 7. Puzh chair forovard with a2 90° tum to tha left every 10 muntil twro squaras have baan Bl (L)
propulsion — complated (B0 m). Kepeat to night (80 m). Elm (B)
continuous with 8. As per Activity #7 but whealchair user is paseive whils their wheelchair is pushed by an | 80m (L)
turnimnz in cne aszistant Bl (B
direction % Contimous forward push around the perimeter of 4 rectangles of increzsms size —the 125.6m (L)
first 10m x lm, the nest 10m % Jm, then 10w x 3m and finally 10m x Tm. Total push 123 fm (R)
distance of 123 6m. The tack was first completed with all tums to the left then to the
nght. Total: £71.2m
3 Wheslchair 10. Five markars evenly spaced over 1 10m with the whaelchair nser beginning to the left of | 22.4m (L)
propulsion — the first marker and passing through the nest three markers in a slalom fashion, fuming 22.4m (R)
with 1307 at the last marker, returning to the start, turming 180° at the first marker and
maEneuverms® repeating the task completing 22 4m a total push distance Bepeat to the right.
11. Shoppmng ails push - participants push a straight-line distance of 3 mwith a stop every 1 | Sm (L)
m to, alternately, “take an item”™ from a bottom shelf on the left and then reach for an miR)
item aborre head height crossing to the night side completing 3m total push distance.
Bepeat to nght.
12, Pushing lm flat surface, pushing up a 1.65meter ramp, tummg 1307 left and pushing T2miL)
dovn aramp and 1m flat surface completing 7_3m total push distance. Repeat to the T3m (B
right.
13. Pushing char over 3 threzholds lem hugh and 30cm wide, each | m apart for a total push | m (L)
distance of 5m. Fapeat. miR)
14, Pushing chair forward 2 meters to a 10em curk, mownt the curb and tummg 1307 laft at Sm (L)
the top of the curh, dizmount the curb znd push chair forward 2 maters complating a total | Jm (E)
puzh distance of m. Fepeat with 1807 tum rizht. Total: 89.4m
4. Comfimad 13, Push chair forward with 2 four 90° tuomn to the laft every 1.10 m completing a total push | 4.4m (L)
space distance of 4 4m. Rapeat to right 44m (B)
IMENEUVENNS 16, Three markers evenly spaced over 1.10m with the wheelchair nser bepinmmg to the loft 6.53m (L)
of the first marker and push the chair forward 1.10m to 2 second marker. maldng 2 360° | 6.35m (R)
spin to the left Push the chair forward 1.10m to the last marker and making 2 360° zpm
to the left complating 6.335m total push distance. Bepeat to the nght.
17, Six 0.72m wide parking spaces marksd on the ground. Wheslchair user push chair 20 7m (L)
forward (1. 72m and reversing the charr to the parkmg space and push forsard 0.72m and | 20.7m (R
revarse to a next parking space completing & reverza and 20.7m total push distance.
Eepeat to the night.
1E. Seven markerz spaced on zigzag fisure over 0.55m. Wheelchair nzar bepmmnimg toaz Afm L)
hehind the first markar push the chair formard 0.33m to 2 second marker. Reversing the | 6.6m (F)
chair 0.55m with 45° left angle o the third marker. push the chair forward 0.55m to the
fourth marker. Reversing the chair .33m with 43° left anzle to tha fifth marker. Push the
chair forward 0.5 3m to the sixth marker. Reversing the chair (.53m wath 437 laft angle to
the zeventh marker completing 6.6m total push distance. Repeat to the right. Total: 76.5m
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Cateye Wheeleri
Speed MAE MAPE Mean bias MAE MAPE | Mean bias
Results: s pee a (295% LoA) km/h (295% LoA) km/h
Speed 1.5 km/h | 5km/h [ 100% -1.5 (0.0-0.0) 0.00km/h  [0.0% |0.0(0.0-0.0)
. N Speed 2.0km/h |2km/h | 100% -2.0 (0.0-0.0) 0.03km/h  [1.3% |0.0(-0.07-0.02)
Cateye® estimates:
Speed 2.5km/h | 2.5km/h | 100% -2.5 (0.0-0.0) 0.03km/h  [1.0% |0.0(-0.02-0.07)
o gOOd fOr SpEEdS > 3km/h Speed 3 km/h 0.08km/h | 2.5% 0.1(0.03-0.1) 0.00km/h | 0.0% |0.0(0.0-0.0)
Speed 3.5 km/h | 0.08km/h |2.1% 0.1 (0.03-0.1) 0.03km/h  [0.7% |0.0(-0.02-0.07)
* very poor for speeds < 3km/h
Speed 4 km/h 0.10km/h |2.5% 0.1 (0.0-0.0) 0.02km/h  |0.6% |0.0(-0.02-0.07)
o)
( MAPE >20 A’) . Speed 4.5 km/h | 0.10km/h |2.2% 0.1 (0.02-0.2) 0.00km/h  [0.0% |0.0(0.0-0.0)
Speed 5 km/h 0.18km/h |3.5% 0.2(0.13-0.22)  |0.00km/h  [0.0% |0.0(0.0-0.0)
Wheeleri estimates: Speedsskmh |od0kmh |18%  |04(0000)  |oozkmh  |05% |00 (0.02007)
0 Speed 6 km/h 0.10km/h | 1.7% 0.1 (0.0-0.0) 0.03km/h  [0.4% |0.0(-0.02-0.07)
e good for all speeds (MAPE <5%)
Speed 6.5 km/h | 0.13km/h | 1.9% 0.1(0.08-0.17)  |0.02km/h  [0.4% |0.0(-0.02-0.07)
Speed 7 km/h 0.13km/h | 1.8% 0.1(0.08-0.17)  |0.00km/h  [0.0% |0.0(0.0-0.0)
Speed Cateye Wheeleri Speed 7.5 km/h | 0.15km/h | 2.0% 0.2(0.09-0.21)  |0.00km/h  [0.0% |0.0(0.0-0.0)
<3km/h Very poor oy Speed 8 km/h 0.15km/h | 1.9% 0.1(0.09-0.21)  |0.00km/h  [0.0% |0.0(0.0-0.0)
(MAPE >20%) (MAPE <5%) Speed 8.5km/h | 0.15km/h | 1.8% 0.1 (0.09-0.21) 0.02km/h  |0.3% | 0.0(-0.02-0.07)
Speed 9 km/h 0.20km/h |2.2% 0.2 (0.0-0.0) 0.02km/h  [03% |0.0(-0.02-0.07)
> 3km/h Good Good
(MAPE <5%) (MAPE <5%) Speed 9.5 km/h | 0.20km/h |2.1% 0.2 (0.0-0.0) 0.02km/h  [03% |0.0(-0.02-0.07)
= (0} = (0}
Speed 10 km/h | 0.20km/h |2.0% -0.2 (0.0-0.0) 0.00km/h  [0.0% |0.0(0.0-0.0)




Characteristics (m=25)

MMean (SD)

Age (yvears) 42 (13)
Height (cm) 1703 (17.9)
"eight (kg 20.0 (25.1)
Time wheelchair use (vears) 187 {12.35%
o Characteristics (m=25) n 24
participants completed the ==
Miale 20 80
ance protocol. Disgnoses
ineteen participants completec sct 14 se
‘ ] , Spina bifida 3 12
asks and six particig Postinfections
3 Sks. autoimmune neuropathoy 2 =
Epidurzal abscess 1 4
Transverse myelifis 1 £
Tumor 1 4
Cerebral Palsy 1 4
Ostengenssis. imperfecta 1 4
Ilotor neuron disease 1 4
Hand Dominance
Pight 23 o2
Country of testing
Finland 12 48
Aunstralia 13 52

SCI: Spinal cord mjury
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Category

ates:

Cateye accuracy

moderate for

continuous
oropulsion,

(MAPE %)

1. Wheelchair propulsion Very Poor
— linear, discontinuous R 53.5%

| 2. Wheelchair propulsion Y . o Moderate
— continuous with turning ‘[ B J' @ 6.0%
in one direction — w

| N
3. Setchairpropulsion /N /Y /Y Very poor
— with maneuvering U * U AGAR 80.9%

O =

4. Confined Space . Very poor
Maneuvering Hl) ‘ ‘ ‘ ‘ /y\\/\/\ 77.9%




d for linear
discontinuous and
- continuous
wheelchair

yropulsic

1ICE

Wheeleri accuracy

Maneuvering

Categor
gk (MAPE %)
1. Wheelchair propulsion Good
— linear, discontinuous R 1.3%
2. Wheelchair propulsion . . Good
— continuous with turning ‘[ C] l o . 5.3%
~—
3. Wheelchair propulsion /Y /Y /N Moderate
— with maneuvering U . U AR 9.6%
KO\ 4""_'_'IIIIZ'_Z'_'_'_'_'_'_'_}
4. Confined Space ‘ Very poor
R A TAVA B




principally designed for use on b
typically used for long, uni-direci
cycling, similar to tasks with cont
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Discussion

 Wheeleri also provided accurate
estimates of speed and distance at
low speeds.

THE UNIVERSITY
T e
O @ O—CO O

Create change

2. Lemay V, Routhier F, Noreau L, Phang SH, Ginis KA. Relationships between wheelchair skills, wheelchair mobility and level of injury in individuals wi spinal cord injury. Spinal Cord. 2012;50(1):37-41.



Discussion

* Wheeleri was accurate in all other categories except with confined space
wheelchair propulsion.

* All inaccuracies for Wheeleri were due to over-estimations and two
factors are likely to explain these results:

* Firstly, the challenge of following the optimal path increased with chair
width and task difficulty

e Secondly, there is the issue of pivoting or spinning, which
can confound distance estimation because although the
physical location of the chair does not change (i.e., it THE LYo (i

OF QUEENSLAND

moves no distance), the wheel rotation will be recorded. =~ .
by the devices as a distance moved. Create change




Discussion

* The data were collected from participants

varying in age, nationality and experience with
using a manual wheelchair.

* The protocol consisted of a range of tasks and
short bouts of activity including mobilizing
across a range of distances, directions, speeds
and undertaking maneuvering tasks such as
parking and travelling up ramps, which are

THE UNIVERSITY
representative of real-life situations for manual A OF QUEENSLAND
wheelchair users.® ik -
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As with all wheel mounted devices, either of these devices does not
provide an indication of the mtensuty of activities performed.

* However, Wheele 2 on the frequency and duration of

.s‘ ‘.- &

- important feature for promoting |
users: increasing frequency and dure
focusing intensity i
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Conclusions

* In conclusion, both Cateye® and
Wheeleri provides an accurate
estimation of speed and distance for
activities typical of wheelchair-based
aerobic exercise.

e Furthermore, Wheeleri can provide
manual wheelchair users, clinicians
and researchers a suitable indicator
of individual’s physical activity level

- based on wheelchair moving time and
B e e
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Future research

* Influence of different pushing surfaces to the
accuracy

e Excluding the influence of any extra
movements in order to capture the true
travelled distance of the wheelchair by using a
smart wheel or similar as a criterion measure.

* Combining technology of wearable and
wheelchair-mounted physical activity monitors
to give all information of individuals physcial
activity in one device
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poes the Apple Watch®

provide an accurate estimate of push
counts for people using manual wheelchairs?
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