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understand and improve human movement
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Two key points to take away:

Wrist worn sensors can do so much more than measure daily physical activity.
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Collecting data is the easy part, figuring out how to make sense of

the data takes much more time.

E.g. Durations and ratios
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N = 74 community dwelling adults
Bailey et al. 2014a, 2014b, 2015
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We can quantify a broad range of movement characteristics.

For example:
« Totalmovement time .
« D&ND time Sum of the seconds activity counts > 2
» Simultaneoustime
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Narrowly distributed sensor variables detect differences from and
progress towards “typical” better than widely distributed ones.

< I . I »  Stroke adults, nonparetic <_|_._|_> Stroke adults
< I . I > Stroke adults, paretic

<_l_D_l—> Typical adults, nondominant

4"‘0"" Typical adults

) ) <«—FO+—> Typicalinfants
<—I_()_I—> Typical adults, dominant

Hours of use Use ratio

Smith & Lang 2019

Washington University in St.Louis « School of Medicine Program in Physical Therapy



Different variables may be relevant for different populations.

3- Cohen’s d = 0.6
i —‘7
O
____________ 3]
_________________ o
£
) =<
CRTIE . QD 2+
: )
= Shoulder pain 5:
1 —

Multiple sclerosis
Stroke

TD ASD

Konrad et al. 2022

Hoyt et al. 2019

onel”uoneueA

Acceleration magnitude (acs)

0.50 0.7 1.00 1.25

Proband Sibling of Proband Control

Ongoing study, n = 204 Wood et al. 2009

Washington University in St.Louis + School of Medicine Program in Physical Therapy



Wrist-worn accelerometers can quantify heritable motor behavior
in infants.

251 R=022,p=0.26

N
o

Left H2 = 0.75
ICC =0.89

Twin 2 (Mean, Day 1,2)
3

: 2.0 1.2
Jerk is similar on both limbs, highly Twin 1 (Mean, Day 1,2)

stable, and highly heritable.
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Two key points to take away:

; 'ﬂ}. Wrist worn sensors can do so much more than measure daily physical activity.
\JM Y » Sensor can quantify a broad range of movement characteristics.

Washington University in St.Louis « School of Medicine Program in Physical Therapy



Sensor data processing pipelines need to be as simple and efficient
as possible.

E.g. Thereis a negligible effect of sleep on accelerometer variables

Non-Preferred Magnitude Standard Deviation (gs)
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Referent data from upper limb sensors will help researchers design,
analyze, and interpret data from clinical populations.
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E.g. 1 of 25 variables from 222 children,
ages 3-17 yrs, over 622 recording days
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Play with the data yourself: https://langlab.shinyapps.io/harmonized data/ Lang et al. in press
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https://langlab.shinyapps.io/harmonized_data/
https://langlab.shinyapps.io/harmonized_data/

Data need to be harmonized and accessible.

TD children +
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We are evaluating how sensor variables correspondence
to clinical measures & patient perceptions.

Ongoing study:
Stroke subgroup

Use ratio
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We are working with Actigraph and the WU Informatics team to

close the loop, providing sensor information to clinical providers.

I Raw Data Summary Variables l

: Use Ratio &
— — Hours of Affected
: Limb Activity
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Looking forward, it is still early in the wearable motion sensor field
and collectively we can do so much more.

«  Wrist worn sensors can do so much more than measure daily physical activity.
« Thereis lots of work to be done by all.

e.g. the telephone

Catherine E. Lang PT, PhD
langc@wustl.edu
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« Study at the biological intersection of mechanics,
energetics, and control systems

* Choose from the full spectrum of investigation:
fundamental discovery through clinical application

« Learnto be a movement scientist in an energetic,
dynamic, and collaborative environment

« Be part of the next generation of scientists
improving health
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https://pt.wustl.edu/education/phd-in-movement-science/
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