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Abstract. Muscula stiffness and limb rigidity are two main consequences of
Parkinson’s disease. These motor symptoms may be present in distiaafpar
the body, influencing functional tasks executed by handsidTmeople suffering

from these motorysnptoms we developed an active wrist orthosis whose pur-
pose is to enable increase the flexion and extemaioge of motiorof the wrist

joint. We identified five relevant ergonomic variables that should heidered
whenusing the orthosis in the clinical practid®: device stability, (ii) forarm
position; (iii) muscularstrength (iv) amplitude of motion; and (v) mass of the
device.These variables were identified based on the observation of movements
while users executed the flexion and extension of the wrist with and without the
device. In this researckve present a description of the developed orthosis and
anevaluation ofthe ergonomic variable§), (ii) and (iii). An enhanced support
structure has been used with the orthosis and shown to lea@bilisysmprove-

ment. Electromyographiaralysisshowed that the use of the orthosis does not
introduce undue muscular load on the wedistinct angular positions of the
forearm
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1 I ntroduction

Parkinson's diseg (PD) is a neurodegenerative disease that leads to progressi
of dopaminergic neurons from the suargta nigrg2]. Dopamine defi@ncyproduces
a severe extrapyramidal system effect, resulting in decreased mustcaitagth[5].
These pathophysiological changes generate typical neurological symptoms fo
patients withPD such as bradykinesia, rest and postural tremor, postural instabilit
muscularstiffness[3].

A researclarea that can contribute to patients with PD is the provision of ph
therapeutic aidbased onrobotic devices forsafe and intensive rehabilitation
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individuals with light to severe motor deficitSuch use of robotic devicdss been
shown to partially restore the function of the upper limb of indivelatiected by PC
[4, 7]. The workof Sanghagt al. [6] is an example of theehabilitation of flexion anc
extension movements of the wrisiowever as in most of the studies in this artee
authors do not present ergonomic assessment of the developed Hlegieegonomic:
of any orthosis is vital fonentualadoption in PBrelated physiotherapy. In this stuc
we present the description of an active wrist orthosis andvéi@ation of ergonomi
variables thamay affect its practical use.

2 General Description of the Orthosis

The active wrist orthosi&ig. 1), wasdevelopedn the Centre for Innovation and Tec
nology Assessment in Health (NIATS) of the Federal University of @beid. The
current design has been patent®P(-BR10 2014 023282 6thical approval for th
development and assessment of the ortheas granted by thilational Committee
for Ethics in ResearcfCAAE: 07075413.6.0000.5152).

Theorthosiswas manufactured mainly from aluminum ancdisgrall weights 909
g. The actuator is a linear B€ervomotor(LM 2070-080-11, Faulhaber, Germaiy
Programmed motion of the orthosis is achieved via an external motion cor
(MCLM-3006-SRS, Faulhaber, Germaywhich is notshown inFig. 1. As the focus
of thisresearchs theergonomic assessmaeuitthe orthosisn a passive sceriar(i.e.,
without cansideringlinear forces exerted by the actuator), all the evaluations pegs:
formed without the influence of the actuator, which means that it was turned off

1 - Actuator housing

2 - Central axis support

3 - Cylindrical side support

4 - Actuator-forearm support

5 - Forearm mould support

6 - Metallic hand-gnip

7 - Displacement stopper

8 - Connection of spherical joints

Fig. 1: Identification of the barts of the orthosis.

3 Methodology for Ergonomic Assessment

Based on preliminary tests with the orthpilge ergonomic variables werdentified:
(i) device stability, (ii) forarm position; (iii)muscular strength; (iv) amplide of mo-
tion; and (v) mass of the devide.this paper it ipresenteanly results concerning th
analysis of thevariables (i) (ii) and (iii). It is expected thatesultsrelated to variable
(iv) and (v) are presented in complementaityre work



3.1  Orthosis Stability

For effective transfeof the actuator force to the harte orthosis must be securt
fixed on theforearm. A special undeforearm support was manufactured (designed
3D-printed) to securely fix the orthosis.

To evaluate the gain in stabilitfy.e., thesteadinessf the orthosis on the forearr
provided by the suppqra volunteer carried out the flexion and extension of the
with and without the support. A threial accelerometet SM303D, Microelectron-
ics, Switzerland waspositioned with the saxis perpedicular to the sliding axis of th
orthosis Fig. 1) on the forearm mould suppofi@. 1). Themeasure of stability we
based on thestimate of displacement resulting frdsuble integration of theaneasurec
acceleratioron the xaxis asno significant oscillations were observed in the othe
rections Collected signals were sampled at 50 Hz with the arm laid on a flat surt
0°. Linear and nonlinear detrendintethodswvere applied as desbgd in [1]to the raw
signals, for eliminating the influence gfavity and other low frequency compone
over the signal.

3.2 Muscular Strength

People suffering from PD experience reduoadscularstrength. Hence, the relagi
muscular force for common daily tasks required by abldied persons is much low
than those aoihdividuals withPD. Thereforemuscular strengtfM S) wasidentified as
a relevanergonomic variable.

The Maximum VoluntaryMuscularContraction 1VC) of a healthy malevas col-
lectedand analysed. ThglVC was acquired during the resistive active movemel
flexion and extension of the wrist over 12 seconds. This task was repeated thre
with a twominuterestinterval to allow for adequate relaiat of the muscle fibre in
between tests.

To acquire EMGsignals,a customized system based on the Intan Tech's RHC
Evaluation Syste was employedEMG was collected simultaneously from the fle
and extensor muscles of the subject's dominant foregitmand without the orthosi:
Disposable sensordéditrace, 35 minwere used for EMG detection.

EMG signals were filtered by a zeptase higtpassbandutterworthdigital filter
(6" order, 30Hz cubff frequency). The envelope of the signal was estimated by n
of the root mean square value (RMS) andrtfean of itamain peaks (based on a p
defined thresholdvasemployed as the main feature extracted from EMG sig8ajs
nal andysis was performed by using customized programs developed in MatLab {
works, USA).

Fig. 2shows the testetup Eight flexionextensiorrepetitionswere carried outvith
the forearmrest supporin these angles: 0°, 18°, 45° arX? @&lative to the horizonte
line. This angularvariation study corresponds the ergonomic variablef forearm
positioningwhile wearing the orthosi¥he EMG signal was expressed as a percer
of MVC.



Fig. 2: The setup of the EMG sensors on fiti@am, with and without the orthosis.

The importance of this ergonomic variaidehat the desired design of the orthc
should require mMS that is quite low, often 10% in comparison with the user
wearing the orthosis. This investigation identified: (a) the percentage of the su
MVC required to do a flexion or an extension for a given inclination aofglee fore-
arm and (b) the percentage of additioMd/C introduced by usg the orthosis.

4 Results

41  Orthosis Stability

Fig. 3 depicts a typical result obtained from a subject executing successive flexio
extensionswith and without the orthossupport.

The mean and standard error for the conditions aiitth without support were ri
spectively 11.83.9mm and 7.0+17.7mm. The absolute amplitude was of mih for
the condition with support against 33mn for the condition without the support. T
relative difference between the absolute amplitudes was 8% .meaning that thei
was an improvemetrin the orthosis stability.
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Fig. 3: Comparison of the displacemeasfttheorthosis with and without thergonomic support

4.2  Muscular Strength

Fig. 4 showsthe %MVC for the different arm positionsvith and without the orthosit
Fig. 5 shows the Ergonomic Index (El) associated with the flexion and extensizos:
mentsfor the different anglesvhere the El is defined according to Eg.



Ergonomic Index (EI) =1 — Y%MYCyith orthosls (1)

%MV Cyithout orthosis

where%MVCiith orthosis ANA %MV Cithout orthosis IS the percentage MVC with and withc
the orthosis respectively.
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Fig. 4: Comparison of percentage MVC for flexor and extensor muscles. Note: O and NC
to Orthosis and No OrthosiShe overall mean and standard deviation are presented.
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Fig. 5: Ergonomic Index immtheflexion and extension movemsmat distinct anglesThe over-
all mean and standard deviation are presented.

5 Discussion and Conclusion

In this study it was presentedan orthosis developed for rehabilitation of flexion :
extension wrist activity following musculatiffness resulting from PD. This comm
nication has focused on the ergonommssessment of the orthosis. An enhanced su
structure has beatesigned andsed with the orthosis and objectively shown to lec
a 76.86% stability improvement.

In Fig. 5 it is possible to verify an increase in the value of the El for the exte
movement as a function of the increase in the angle. This was expected becat
the weight of the orthosis contributed to the movement. The same reasoning is



the movement of flexion, in which there was a reduction of the Biragibn as the
decrease of the angle. This means that the El, as it was defined, is not only c:
information about ergammics but also on the way the muscles wtke results of thi:
researcthaveopened opportunities for further largealestudies involvinghe use of
theorthosis withhealthy individuals and patientsth PD.

6  Acknowledgements

The present work has the support of Brazilian governf@Pg CAPES FAPEMIG-
APQ-0094247) as well astie UK Royal Society International Exchand&170195).
Adriano Pereira is a Fellow of CNPq, Brazil (306718/26L4A. O. Andrade is a Fe
low of CNPq, Brazil (305223 / 2013).

7 Conflicts of Interest

Theauthors declare no conflict of interest.

References

1. Andrade AO, Ferreira LCV, Rabelo AG, Vieira MF, Campos AR, Goncalves
Pereira AA, Gongalves BF, Pereira AA (2017) Pelvic movement variability of he
and unilateral hip joint involvement individuals. Biomed Signal Process Controk3
19. doi: 10.1016/j.bspc.2016.10.008

2. Christofoletti G, Candido ER, Olmedo L, Miziara SRB, Beinotti F (2012) Efeito de
intervenc@o cognitivanotora sobre os sint@a depressivos de pacientes com do
de Parkinson. J Bras Psiquiatr 61:88—doi: 10.1590/S00420852012000200004

3. Dickson JM, Griinewald RA (2004) Somatic symptom progression in idiog
Parkinson’s  disease.  Parkinsonism  Relat Disord 104®7— da:
10.1016/j.parkreldis.2004.05.005

4. Fasoli SE, Krebs HI, Stein J, Frontera WR, Hogan N (2003) Effects of robotic tt
on motor impairment and recovery in chronic stroke. Arch Phys Med Rehabil 8¢
482. doi: 10.1053/apmr.2003.50110

5. Rossi B, Sidiano G, Carboncini MC, Manca ML, Massetani R, Viacava P, Al. E (1!
Muscle modifications in Parkinson’s disease: Myoelectric manifestat
Electroencephalogr Clin Neurophysidtlectromyogr Mot Control 101:23218

6. Sangha S, Elnady AM, Member S, Menon C (2016) A Compact Robotic Ortho:
Wrist Assistance. 1082085
7. Stefano M, Patrizia P, Mario A, Ferlini G, Rizzello R, Rosati G (2014) Robotic L

Limb Rehabilitation after Acute Stroke by NeReBot: Evaluation of Treatment (
Biomed Res Int 2014:5. doi: 10.1155/2014/265634



