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• Parkinson’s disease (PD) is a degenerative disease, and it
has a significant impact on society [1].

• PD is the second most common neurodegenerative
disease in North America and Europe (2-3%) [2].

• In 2010, (1.1 million) people in USA had PD. By 2030, is
expected to increase to 1.8 million and 2.5 million by 2050
[3].

• The most common motor symptoms are
ü Tremor (69-75%) [3-4].
ü Rigidity [3].
ü Akinesia or bradykinesia [3].
ü Postural instability [3].

[1] H. Braak and E. Braak, “Pathoanatomy of parkinson’s disease,” Journal of neurology, vol. 247 Suppl 2, pp. 3–10, 2 Apr. 2000, issn: 0340-5354. doi: 10.1007/PL00007758.
[2] H. Jason S., A. Melissa J., and W. William J., Parkinson’s Disease : Improving Patient Care. Ser. Oxford American Neurology Library. Oxford University Press, 2014, isbn: 9780199997879.
[3] M. Carranza, Parkinson’s Disease : A Guide to Medical Treatment. SEEd, 2013, vol. First edition, isbn: 9788897419419.
[4] B. Siciliano, O. Khatib, and F. Groen, Springer Tracts in Advanced Robotics Volume 69.

Fig 1. Motor symptoms. Taken from: https://mobile.hksh.com/en/physio-our-
services/neurological-rehabilitation/parkinsons-disease
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Non-Conventional
Rehabilitation

To improve motor skills.

Facilitate movement
execu;on. 

Motor imagery (MI)

Action observation
therapy (AOT)

Virtual reality (VR) and 
exergaming

Robot-assisted training

To improve motor 
learning.

To help the patient
function with maximum
autonomy.

[5] G. Abbruzzese, R. Marchese, L. Avanzino, and E. Pelosin, “Rehabilitation for parkin- son’s disease: Current outlook and future challenges,” Parkinsonism and Related Dis- orders, vol. 22, S60–S64, Jan. 2016, issn: 18735126. doi: 10.1016/j.parkreldis. 
2015.09.005. 
[6]E. Heremans, P. Feys, A. Nieuwboer, et al., “Motor imagery ability in patients with early- and mid-stage parkinson disease,” Neurorehabilitation and Neural Repair, vol. 25, pp. 168–177, 2 Feb. 2011, issn: 15459683. doi: 10.1177/1545968310370750. 
[7] M. Samuel, A. O. Ceballos-Baumann, H. Boecker, and D. J. Brooks, “Motor imagery in normal subjects and parkinson’s disease patients: An h 2 o pet study,” Lippincott Wil liams Wilkins, vol. 12, 
[8] R. C. Helmich, F. P. de Lange, B. R. Bloem, and I. Toni, “Cerebral compensation during motor imagery in parkinson’s disease,” Neuropsychologia, vol. 45, pp. 2201– 2215, 10 2007, issn: 00283932. doi: 10.1016/j.neuropsychologia.2007.02.024. 
[9] A. Mirelman, I. Maidan, and J. E. Deutsch, “Virtual reality and motor imagery: Promising tools for assessment and therapy in parkinson’s disease,” Movement Disor- ders, vol. 28, pp. 1597–1608, 11 Sep. 2013, issn: 08853185. doi: 
10.1002/mds.25670. 
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Found in the literature:

To evaluate the learning effect
and reliability with ArmeoSpring

To investigate changes in upper
extremity motor performance.

To evaluate the upper extremity.

What is missing in the literature?

Few studies that incorporates robo;c
rehabilita;on in PD.

The tests performed by patients are 
usually grasping and reaching exercises.

[10] N. Brihmat, I. Loubinoux, E. Castel-Lacanal, P. Marque, and D. Gasq, “KinemaFc parameters obtained with the armeospring for upper-limb assessment aKer stroke: A reliability and learning effect study for guiding parameter use,” Journal of NeuroEngi- neering and Rehabilita5on, vol. 
17, 1 Sep. 2020, issn: 17430003. doi: 10.1186/s12984- 020-00759-2. 
[11] C. Fundarò, C. Cavalieri, G. D. Pinna, A. Giardini, F. Mancini, and R. Casale, “Upper limb interacFve weightless technology-aided intervenFon and assessment picks out mo- tor skills improvement in parkinson’s disease: A pilot study,” Fron5ers in Neurology, vol. 11, Feb. 2020, issn: 
16642295. doi: 10.3389/fneur.2020.00040. 
[12] C. Adans-Dester, S. E. Fasoli, E. Fabara, et al., “Can kinemaFc parameters of 3d reach- to-target movements be used as a proxy for clinical outcome measures in chronic stroke rehabilitaFon? an exploratory study,” Journal of NeuroEngineering and Rehabilita5on, vol. 17, 1 Aug. 2020, 
issn: 17430003. doi: 10.1186/s12984-020-00730-1. [94] N. Brihmat, I. Loubinoux, E. Castel-Lacanal, P. Marque, and D. Gasq, “KinemaFc parameters obtained with the armeospring for upper-limb assessment aKer stroke: A reliability and learning effect study for guiding parameter use,” 
Journal of NeuroEngi- neering and Rehabilita5on, vol. 17, 1 Sep. 2020, issn: 17430003. doi: 10.1186/s12984- 020-00759-2. 
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Objectives
General Objective:
To perform a biomechanical analysis of an
upper limb before and after of rehabilitation
process with Armeo Spring ® Exoskeleton in
patients with PD using a motion capture
system.

Specific Objectives:
1. To perform the extraction of clinical
parameters of interest such as maximum
angles, angular velocities, execution times
and joint range of motion from motion
capture data.

2. To compare the results obtained in
kinematics with the literature of upper limb
rehabilitation in PD.

3. To evaluate the efficacy of robotic
rehabilitation therapy in a group of patients
with PD, by performing a statistical analysis.

4. To understand which joint and degree of
freedom is most affected in patients with
PD.
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Methodology
Par$cipants

• This study was carried out with 12 patients
with PD (7 women and 5 men).

• All patients had PD measured with the
Hoehn and Yahr scale (HY).

Table 1.  Anthropometric characteristic of patientes with PD. 
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Methodology
Equipment and experimental procedure

Fig 3. Figure (a) shows the interface of the high flying games,  figure (b) shows the interface 
of the clean the ocean game, and figure (c) shows the interface of the pirates games. 

Fig 4. Rehabilita>on theraphy: Figure (a) pa>ents are observed performed rehabilita>on
therapy, and figure (b) and (c) pa>ents are observed performed the therapeu>c games. 
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Methodology
Movement Analysis Assessment
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Fig 5. Maximum forward Reach Test sequence: Figure (a) 
shows the initial position, and figure (b) shows the final 
position.

Fig 6. The Apley Scratching Test sequence: Figure (a) 
shows acBon 1 of the Apley scratch test. In figure (b), 
acBon 2 is observed. In the figure (c), acBon three is
observed.

Fig 7. Box and Block Test.
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Methodology
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Defini$on of variables Data analysis

Maximum angles

Range of Motion

Execution time

Angular Velocity.

Wilcoxon Test
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Results and discussion
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Maximum Forward Reach Test

More affected upper limb

Less affected upper limb
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Results and discussion
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Apley Scratching Test

More affected upper limb

Less affected upper limb
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Results and discussion
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Box and Block Test 

More affected upper limb

Less affected upper limb
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• Armeo Spring ® Therapy as complementary tools in Parkinson's rehabilitation therapies has been shown to
improve the range of motion, maximum angles, and angular velocities of more and less affected upper
limbs. In the Maximum Reach test, the most affected joints were the shoulder, elbow and wrist because,
depending on the nature of the test, differences in the elbow and shoulder joints were to be expected. In
the Apley Scratching Test, the most affected joints were the elbow joint. Still, no articles related to Apley
scratching and kinematic analysis in Parkinson’s patients were found in the literature. Regarding the Box
and Block Test, the most affected joints were the elbow. However, it was expected that this test would have
the wrist as the most affected extremity.
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Future Work
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Short-Term Large-Term

• Compare with a healthy control group.
• Graphical analysis.
• kinematic analysis of the last cut of the

Project.

• Analyze the ADLs. 
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Thank you so much!
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