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co ntEXt * The most common motor symptoms are

v" Tremor (69-75%) [3-4].

v’ Rigidity [3].

v" Akinesia or bradykinesia [3].
v’ Postural instability [3].

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

e 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].

Postural
instability

Bradykinesia

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

[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/PLO0007758.

[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.
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Context

Motor imagery (Ml)

To improve motor skills.

Facilitate movement

Action observation .
execution.

therapy (AOT)

Non-Conventional

Rehabilitation Virtual reality (VR) and To |m.prove motor
learning.

exergaming

To help the patient
function with maximum

Robot-assisted training autonomy
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[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.
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Context

Found in the literature: What is missing in the literature?

To evaluate the learning effect Few studies that incorporates robotic

and reliability with ArmeoSpring rehabilitation in PD

To investigate changes in upper The tests performed by patients are
extremity motor performance. usually grasping and reaching exercises.

To evaluate the upper extremity.

[10] N. Brihmat, I. Loubinoux, E. Castel-Lacanal, P. Marque, and D. Gasq, “Kinematic parameters obtained with the armeospring for upper-limb assessment after stroke: A reliability and learning effect study for guiding parameter use,” Journal of NeuroEngi- neering and Rehabilitation, vol.
17, 1 Sep. 2020, issn: 17430003. doi: 10.1186/s12984- 020-00759-2.

[11] C. Fundaro, C. Cavalieri, G. D. Pinna, A. Giardini, F. Mancini, and R. Casale, “Upper limb interactive weightless technology-aided intervention and assessment picks out mo- tor skills improvement in parkinson’s disease: A pilot study,” Frontiers 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 kinematic parameters of 3d reach- to-target movements be used as a proxy for clinical outcome measures in chronic stroke rehabilitation? an exploratory study,” Journal of NeuroEngineering and Rehabilitation, 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, “Kinematic parameters obtained with the armeospring for upper-limb assessment after stroke: A reliability and learning effect study for guiding parameter use,”
Journal of NeuroEngi- neering and Rehabilitation, vol. 17, 1 Sep. 2020, issn: 17430003. doi: 10.1186/s12984- 020-00759-2. 4
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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

Pa rtlc' pa nts Pacient Age (years) Height (m) Weight (kg) Hoehn and Yahr
1 79 1.60 65 4
2 64 1.44 60 3
* This study was carried out with 12 patients 3 61 1.55 60 3
ith PD (7 women and 5 men) 1 L L i 2
wit ' 5 63 1.60 60 2
* All patients had PD measured with the 6 69 1.56 79 3
Hoehn and Yahr scale (HY). i 73 1.44 60 3.5
8 59 1.58 57 3
9 75 1.60 65 3
10 81 1.70 60 3
11 68 1.53 44 4*
12 65 1.68 82 3

69.33+£7.21 1.57+0.08 63.66+ 10.19

Table 1. Anthropometric characteristic of patientes with PD.
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Methodology

Equipment and experimental procedure

Fig 4. Rehabilitation theraphy: Figure (a) patients are observed performed rehabilitation

Fig 3. Figure (a) shows the interface of the high flying games, figure (b) shows the interface therapy, and figure (b) and (c) patients are observed performed the therapeutic games.

of the clean the ocean game, and figure (c) shows the interface of the pirates games.
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Methodology

Movement Analysis Assessment

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) Fig 7. Box and Block Test.
shows action 1 of the Apley scratch test. In figure (b),

action 2 is observed. In the figure (c), action three is

observed.
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Methodology

Definition of variables Data analysis

Maximum angles

Wilcoxon Test

Range of Motion

Execution time

Angular Velocity.
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- - re affected upper limb
Results and discussion
Maximum Forward Reach Test

Table 4.1: Maximum angles obtained for the more and less affected upper limb in the Maxi- Table 4.3: RoM obtained for the more and less affected upper limb in the Maximum Forward
mum Forward Reach Test before and after the rehabilitation therapy. Reach Test before and after the rehabilitation therapy.
. Maximum Maximum Maximum Maximum - M -
Joint  Movement angle angle p-Value ngle angle p-Value Joint Movement RoM RoM i)/alue RoM Ro i)/alue
;Iejf:ﬁf TC) ;?:rUIiT( ) Ezfo[rJeLRT( ) if;erUIET( ) before RT(°)  after RT(°) before RT(°)  after RT(°)
Flexion 60.42 £9.00  66.08£10.84 0.27  61.02£10.02  66.17£7.60 0.13 MA UL MA UL LA UL LA UL
Extension _9.1844.37 11.62:£10.72 0.98  11.53+8.58  13.32+6.66 0.27 Flex-Ext 69.61+£9.98 77.71£17.57 0.20
—> Shoulde*dduction 070952177 126 85417 8- < 0.09109.57+26.06  119.30+13.99 0.27 ShoulderAdd-Abd TSI LT 0T 02
?‘:dlgtion ;g;gﬁ;go ﬁggig; 8§§ ;’é%il%g% iﬁiiiﬁfio 8;? Int/Ext Rot  97.92421.09  126.524+40.22 0.36  101.704+23.66 114.54429.19 0.27
nc. OT. . o » K N . N . . .
Ext. Rot. . . . . 62.98492.14  71.19433.79 0.37 Elbow Flex-Ext 113.20£15.27 105.43+17.9p0.09113.82+19.35 105.30+14.39 0.12
ooy e b2 0 Wrist  Flex-Ext [IT3ETRIR G00GT{735 kp<0.0547.32+18.84  63.82+22.03 0.06
—F BbOW poension  32.1419.66  26.1345.13 Forearm Pron-Sup 261.73+39.43 268.42+38.66 0.96  260.20437.46  276.16:29.09 0.2
Wrist Flexion 47 8
— Extension  16.59+9.48  15.93+8.76 0.92  13.66+£8.00  15.95+11.23 0.43 ) . . . :
R Pronation  144.13+£22.40 154.164+22.05 0.27  142.99+19.86 152.90+17.57 0.16 Table ifi Andggar ‘fl%CItles ?btalneéi f(f>tr tht;1 morﬁ z;nld le§s affﬁcted upper limb in the Max
Orearilg, bination  117.59420.08 114.26+£23.40 0.92  117.20+19.25 123.25+14.80 0.32 imum Forward Reach lest before and after the rehabilitation therapy.
1apie 4.: FXeCUTION M OF T MAXIMIM TOTWATQ TeACn LESE DEIOTS ANq ATEr T0e Tenapl- Joint Movement Ang vel. Ang vel. p-Value Ang vel. Ang vel. p-Value
tation therapy. before after before after
RT(rad/s) RT(rad/s) RT(rad/s) RT(rad/s)
. Execution Time Execution Time MA UL MA UL LA UL LA UL
Limb p-Value
before RT (s) after RT (s) Flex-Ext 221.37+87.54 157.81+41.20 [pU.05] 268.97+162.06 174.29+58.35 @
Less affected UL 8.45 £ 2.58 10.26 £ 2.70 0.20 Shoulder Add-Abd 308.774+129.17 294.65+152.21 0.46 347.47+104.67 295.93+103.43 0.
More affected UL~ 8.18 £ 2.59 1117 £ 3.19 m Int/Ext Rot 343.754+136.10 298.41+167.40 0.36 363.40+61.78 336.57+137.63 0.63
p-Value 0.57 0.14 Elbow Flex-Ext 197.994+64.51 168.54+73.53 0.17 177.214£50.29 196.67+£90.34 0.32
Wrist Flex-Ext 146.13+83.44 170.19+111.23 0.63 157.89+66.48 188.05+109.39 0.83
Forearm Pron-Sup 180.03+109.45 174.58+114.57 0.83 209.85+118.38 305.51+425.23 0.98
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Results and discussion

Less affected upper limb

Apley Scratching Test

Table 4.8: Maximum angles obtained for themore and less affected limb in the Apley Scratch- Table 4.10: RoM obtained for the more and less affected upper limb in the Apley Scra,tching
ing Test before and after the rehabilitation therapy. Test Test before and after the rehabilitation therapy.
. Maximum Maximum Maximum Maximum
Joint  Movement angle angle p-Value angle sngle p-Value Joint  Movement RoM RoM p- RoM RoM p-
before RT(°)  after RT(°) before RT(°)  after RT(°) Value Value
MA UL MA UL LA UL LA UL before RT(°)  after RT(°) before RT(°)  after RT(°)
Extension  37.34+8.63  42.61+18.81
—> _—— Adduction  96.89420.79  90.254+26.19 0. - : 506 Flex-Ext 99.924+14.98 110.08+26.29 0.23 99.06£12.56 105.56+12.02 0.27
oW bduction  17.16+9.85 19.74+19.31 0.98  17. 95113 07 14. 04:!:14 68 0.55 ShoulderAdd-Abd 113.35+20.25 109.99+33.35 0.84 119.40+28.64 101.25+25.86 0.23
Int. Rot IB48EI291 1852796 052 WORIE2081 - 991G EISoH (06 Int/Ext Rot  167.38+£29.72 159.71442.84 0.62  164.38+42.39 151.28+33.20 0.49
?ft;f‘m ?ng;tﬁﬁg fgfga—“ﬁfg(} 891’3 P . iy 0. Elbow Flex-Ext 90.37+40.24 218.54+14.51 p<0.05
—> exion ; : X : : . : -
', Elbow Extension TR U0 @ﬂ! e —————— . Wrist  Flex-Ext 70.99+24 .81 57.574+23.61 0.32 62.484+21.55 57.57+23.61 0.62
Wrist P lexion 49.42+13.84  41.084+2320 0.16  48.42+11.74  39.17+10.53 0.13 ForearmPron-Sup 216.58+62.53 195.17+£59.54 0.37  210.93+40.93 222.84+49.72 0.49
™S Extension  21.57+22.28  16.49+10.65 0.49  14.06+13.53  16.61+13.89 0.32
- Pronation 151.01+20.51 140.16+18.14 0.32 144.96+7.33 147.21+5.43 0.32 Table 4..13: Angular velocities obtained for -the nllore and less affected upper limb in the Apley
Orearg pination  65.57+46.82  55.01£51.99 0.55  65.96+£39.96  75.63+46.62 0.49 Scratching Test before and after the rehabilitation therapy.
. Ang vel. Ang vel. Anr vel. Ang vel.
Table 4.12: Execution time of the Apley Scratching Test before and after the rehabilitation Joint Movement before RT after RT p-Value before RT after RT p-Value
therapy. (rad/s) (rad/s) (rad/s) (rad/s)
5 T — MA UL MA UL LA UL LA UL
Limb ;‘efcu“o;{lT e Xeff;u 1;‘% M€ b Value Flex-Ext 268.33161.99 278.65+121.18 0.84  255.35+62.73 302.99+107.84 0.37
efore RT (s) after RT (s) Shoulder Add-Abd 332.83+82.32 300.05+£113.42 0.55 359.73+£120.25 341.01+£145.65 0.84
Less affected UL 1357 43.88 14334354 092 Int/Ext Rot  481.65:+123.19 423.46+167.68 0.37  495.89+106.61 526.74+193.02 0.76
More affected 14.15 +4.73 13.69+ 4.77 0.67 Elbow  Flex-Ext 337.64+92.53 278.91+141.07 0.23  325.88+84.38 362.50£157.70 0.69
p-Value 0.76 0.84 Wrist  Flex-Ext 389.91+231.02 235.95+181.37 0.23 __ 345.60+152.16 361.73+£208.15 0.98
Forearm Pron-Sup 547.49+257.12 452.64-340.87 0.43 431.06£122.47 577.03+275.74 0.13
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Results and discussion

Less affected upper limb

Box and Block Test

Table 4.15: Maximum angles obtained for the more and less affected limb in the Box and Table 4.17: RoM obtained for the more and less affected upper limb in the Box and Block
Block Test before and after the rehabilitation therapy. Test before and after the rehabilitation therapy.

Joint  Movement Maximum Maximum p-Value Maximum Maximum p-Value o ” RoM RoM p- RoM RoM p-
angle angle angle angle oint ovement Viline Viiliie
lé)oe)fore RT  after RT (°) lé)oe)fore RT  after RT (°) before RT(°)  after RT(°) before RT(°)  after RT(°)

MA UL MA UL LA UL LA UL
MA UL MA UL LA UL LA UL
Floxion 51951318 52714697 084 60.66764 558711231 043 Flex-Ext 76.311+5.99 76.37+£14.03 0.98 91.18+13.65  81.03£16.66 0.31
Extension 21.3545.74  23.6648.43  0.31 30.5248.17 25.164+5.74 0.15 ShoulderAdd-Abd 68.80+19.79  67.49+21.17 0.98 70.24+16.67  78.28+29.29 0.84
ShoulqeAdduction  50.20+14.58 54.39:+18.57 0.84  50.48+10.98 60.93+26.23 0.68 Int/Ext Rot  38.53+7.22  37.21+10.01 098 39.82£6.56 _ 42.081+14.82 0.82
O Abduction  18.60+£6.00 13.09+3.66 0.15  19.754+8.74 17.35:6.63  0.56 Elbow Flex-Ext [ p_zlg-gﬂ
Int. Rot 18.404+9. 56 20. 45:|:8 63 0.68 28.97+5.88 21.60+7.88 0.21 Wrist  Flex-Ext 42.23+13.99  54.43+15.18 0.43 46.13+14.73  43.00£9.69 0.9
Ext. Rot 3 Forearm Pron-Sup 250.31+20.86 258.17+13.44 0.84 215.54:I:52.58 257.20:&18.8!53!2:!25 I
Elb Flexion
% Extension . . Table 4.19: Angular velocities obtained for the more and less affected upper limb in the Box
Wrist Flexion 34.51:|:8.99 45.51:|:9.33 [p<0.05B4. 47:|: 8. 39 32 61+ 12 29 0 84 and Block Test before and after the rehabilitation therapy.
™SV Extension  7.7247.26  8.91+13.28 0.31 |11.66+8.53 _ 10.38+10.52 N N N N
Pronation  145.25+15.00 153.23+14.44 0.68  133.14:25.40 151.47+15.36 0.06 Joint  Movement ng vel. ng vel. p-Value ¥ Vel ng vel. p-Value
Forearmg @ ination  105.0549.00 104.9347.61 0.95 [82.40+28.92 105.73+6.23][p<0.05 | before ~ RT after ~ RT before ~ RT after ~ RT
(rad/s) (rad/s) (rad/s) (rad/s)
MA UL MA UL LA UL

Flex-Ext 35.4540.71 47.05+39.42 247.93+179.12 [p<0.05
Shoulder Add-Abd 115.84+80.36 189.18+74.71 0.21 p<0.05
Int/Ext Rot 211.38+111.14 253.754+53.30 0.43 180 22421.89 286.84+122. 08 O 15
Elbow Flex-Ext 343 89+150.72 313.36+53.03 0 68 246.034+76.08  302.31+84
Wrist Flex-Ext
Forearm Pron-Sup 310.21i157.56 372.47:&133.96 0.68 336.27i189.87 286.43:&133.76 0.84
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Conclusion

* 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

Short-Term Large-Term

« Compare with a healthy control group. * Analyze the ADLs.

e Graphical analysis.
* kinematic analysis of the last cut of the
Project.
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Thank you so much!
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