
Quantitative assessment of movements with inertial sensors
in Parkinson’s disease

A major problem in the field of Parkinson's disease (PD) is that there is no objective

assessment tool for PD symptoms to date. At the moment data are mostly collected with

questionaires, interviews, or clinical scales. This makes the assessment of changes in the

course of the disease, due to training or due to medication very difficult for patients and

medical staff. A way to solve this issue is the objective measurement of movements (in

patients with PD) with (small) body-worn sensor units containing accelerometers,

gyroscopes and magnetometers.

There are four main fields of applications of these sensor units in PD:

1) Measuring symptoms and instrumented clinical scales;

2) Instrumented functional assessments;

3) Quantification of daily activity;

4) Technology-assisted neurorehabilitation;

In the talk examples of these four fields of applications have been discussed.
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Quantitative assessment with inertial sensors

Objective measurement of movements with 
(small) body-worn sensor units containing 
accelerometers, gyroscopes and magnetometers 
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www.mcroberts.nl www.sense-park.eu
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Parkinson‘s disease (PD)

...is defined by: 

• bradykinesia ….

...and one of the following 
symptoms:

• rigidity,

• rest tremor, 

• postural instability.
W. R. Gowers: A Manual of Diseases of the Nervous System,1886
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Why inertial sensors in PD ?

Example of UPDRS items and rating by
the audience.

Videos with patients removed.
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• instrumenting clinical scales and measuring symptoms 

• instrumenting functional assessments

• quantification of daily activity

• technology-assisted neurorehabilitation

Use of inertial sensors in PD for…
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Instrumenting clinical scales: UPDRS

UPDRS items “rest tremor” 

and “finger tapping”

Mera et al., J Neurosci Methods., 2012

Figure removed, see figure 1 
in Mera et al., J Neurosci
Methods., 2012
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A: healthy person

B: bradykinetic PD patient

C: dyskinetic PD patient

http://www.innovation.gov.au/industry/

PharmaceuticalsandHealthTechnologi

es/MedicalDevicesandTechnology/Pu

blishingImages/DIISR_CaseStudy_02.

gif

Griffiths et al., Journal of Parkinsons disease, 2012

Measuring symptoms

bradykinesia and dyskinesia

Graphs removed, see figure 1 in 
Griffiths et al., Journal of
Parkinsons disease, 2012

PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1031v1 | CC-BY 4.0 Open Access | rec: 4 May 2015, publ: 4 May 2015

P
re
P
rin

ts



Instrumenting functional tests:

Timed Up & Go Test

Timed Up and Go Test, Video and accelerometer/gyroscope signal.

Video with patient removed.
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31 patients with postural instability and gait difficulty (PIGD)

30 patients with tremor dominant (TD) PD  

Differences between PD subtypes in parameters of walking, transitions and turning

Herman et al., Exp Brain Res, 2014

Instrumenting functional tests:

Timed Up & Go Test

Graph removed, see figures 1-3 in Herman et 
al., Exp Brain Res, 2014
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intensity

activity

sleep

www.mcroberts.nl

Quantification of daily activity
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Chastin et al., Mov. Disord, 2010

Quantification of daily activity: Concept of bouts

17 PD patients

17 controls

measurement

duration 7 days

no differences in 

volume of sedentary

time, but in distribution

Graph removed, see figure 1 in 
Chastin et al., Mov. Disord, 2010
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Self-assessment by PD 
patients

Four sensor units: Three worn during the day, one at night

Covered symptoms

 Tremor

 Gait

 Sleep

 Hypokinesia/Dyskinesia

 (Cognition)
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Technology-assisted neurorehabilitation: gait

at-home training with closed-loop augmented-reality cueing device

Espay et al., JRRD, 2010

13 PD patients with gait shuffling, 

festination, and/or freezing; 

2 x 30min daily training

Figures removed, see figures 1-2 
in Espay et al., JRRD, 2010
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T1/2/3

1

2

3

Stufe

6

9

10

Minimum

6

9

10

10%

11,25

18

15,75

25%

31,5

36,5

32,5

Median

38

47

41,75

75%

50

50

52

90%

50

50

52

Maximum

Quantile

r2

r2 korrigiert

Wurzel der mittleren quadratischen Abweichung

Mittelwert der Zielgröße

Beobachtungen (oder Summe Gewichte)

0,027279

-0,06536

15,06079

31,04167

24

Übersicht der Anpassung

T1/2/3

Fehler

K. Summe

Quelle

2

21

23

Freiheitsgrade

133,5833

4763,3750

4896,9583

Summe

Quadrate

66,792

226,827

Mittlere

Quadrate

0,2945

F-Wert

0,7480

Wahrsch. > F

Varianzanalyse

1

2

3

Stufe

8

8

8

Anzahl

28,0000

33,7500

31,3750

Mittelwert

5,3248

5,3248

5,3248

Std.-Fehler

16,926

22,676

20,301

95% KI unten

39,074

44,824

42,449

95% KI oben

Std.-Fehler verwendet gepoolten Schätzer der Fehlervarianz

Mittelwerte der einfaktoriellen ANOVA

Einfaktorielle ANOVA

2,07961

t

0,05

Alpha

2

3

1

-15,660

-13,285

-9,910

-13,285

-15,660

-12,285

-9,910

-12,285

-15,660

Abs.(Diff.)-LSD

2 3 1

Positive Werte zeigen signifikante Unterschiede der zugehörigen Differenz

der Mittelwerte.

2

3

1

Stufe

A

A

A

33,750000

31,375000

28,000000

Mittelwert

Stufen, die nicht durch denselben Buchstaben verbunden sind,

unterscheiden sich signifikant.

2

3

2

Kategorie

1

1

3

- Kategorie

5,750000

3,375000

2,375000

Differenz

-9,9103

-12,2853

-13,2853

KI unten

21,41031

19,03531

18,03531

KI oben

0,4536

0,6586

0,7556

p-Wert

Vergleiche für jedes Paar mittels Student-t

Mittelwertvergleiche

1

2

3

Kategorie

8

8

8

Häufigkeiten

83,500

115,500

101,000

Score-Summe

10,4375

14,4375

12,6250

Score-

Mittelwert

-0,981

0,919

0,031

(Mittelwert-

Mittelwert0)/Std.0

1,2860

Chi²

2

Freiheitsgrade

0,5257

Wahrsch.>Chi²

Einfaktorieller Test, Chi-Quadrat-Approximation

Wilcoxon/Kruskal-Wallis-Tests (Rangsummen)

Einfaktorielle Analyse von BBS_T1 nach T1/2/3

T1/T2: p=0.008

T1/T3: p=0.04

T2/T3: ns
Nicolai et al., Z Gerontol Geriat, 2010

Technology-assisted neurorehabilitation: balance

8 PSP patients

3 x 45min weekly training

training with closed-loop auditory biofeedback
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Contact: Markus.Hobert @ med. uni-tuebingen. de

Thank you for your attention!

Walter Maetzler

Sandra Hasmann

Janet van Uem

Susanne Nussbaum

Tanja Heger

http://www.hih-tuebingen.de/funktionelle-neurogeriatrie
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