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Abstract— Spasticity is a common and complex motor disorder
that affects more than 12 million persons in the widd. There are
several studies on spasticity quantification in thditerature but
there is still a need for measurement improvementsthis paper
presents the design of a mechatronic device for sgicity
quantification, in joint of ankle, elbow and kneesThis approach
is based on the velocity dependent of the tonic stich reflexes.
The relevant variables, the measurement range andhé
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Scale (AS) and the Ashworth modified version (MAS);
Isokinetic device with generator torque; PendulurastT
None of them is fully accepted, duo to various oeas[2],
[5], [6]. The AS and the MAS are the common scates
clinical quantifications of spasticity, despite exis agree
that both scales may not measure the characterittiat
distinguish spasticity from other tonus disordeithough

adequate measurement systems are selected. The datdhe scale is useful in determining the amount sistance felt

acquisition system, board and software, are also fieed. The
designed system for quantifying spasticity was testl and
validated in laboratory environment. Next step conists of
system validation in clinical environment.

Keywords:  Spasticity Quantification,
Mechatronic Device.

Electromyography,

Spasticity is a complex motor disorder due to aagpinal
inhibition, resulting from a hyper-excitability dhe stretch
reflex (SR) [1]. Spasticity affects more than 12lliom
persons in the world [2], and is always seen inepatwith
upper motor neuron dysfunctions such as cerebrstwar
accidents, spinal cord injuries, and multiple swdé&s. The
mechanism of spasticity is commonly thought of as
exaggerated SR, which is a velocity-dependent asaén the
resistance to the passive movement [3]. The SRshbid is
significantly reduced in spastic muscles, and teduction is
correlated to the increase in reflex joint torqde Bpasticity
in conjugation with excessive muscle tone frequent
interferes in the voluntary motor function, causdifficulties

in daily activities [3]. Some of the common symptoare: a
change in the recruitment of limb’s segments arsb\ere
mal-functioning of the tendons reflex.

The correct quantification of spasticity has beadar an
extensive study by the scientific community, bugrehis not
yet available a well-accepted standard method pasticity
determination and quantification. The literatureegants
several methods for spasticity quantification: T&hworth

INTRODUCTION

in the passive displacement of the limbs, it dogtsquantify
the dependence to velocity, which is the featurat th
differentiates spasticity [5]. This scale has a leproductive
rate, a lack of validation in all muscle groups,ualty
affected by spasticity [1]. The approach of trauil
measures is based on the phase and magnitudetohibeSR
and the resistance to passive stretch. Neverthekbss
measure is not correlated to the clinical impressid the
spasticity degree, inability to differentiate theechanical
stiffness from the reflective stiffness and the liempentation
of the device is still complex; also, the measuneint®es not
meet the criteria of the known theory. Hence, thsrstill a
need for a device that meets these requirementgs]1]6].
The key issue is to determine which variables are

necessary to correctly quantify this disorder. Arrect

Fneasure to guantify spasticity must follow the pblggical

mechanisms related to the stand-up position comtndl the
movement in healthy individuals and/or must defexdsible
deficiencies in any of these mechanisms that leathdtor
isorders. For the acceptance of the method, Hmgiroach
ust be in accordance with a standard spasticifiniten
[5], [6]. The work presented in [7] defined spaitfias: “a
motor disorder characterized by a velocity-depehden
increase in tonic stretch reflexes (“muscle tonusiith
exaggerated tendon jerk, resulting in hyper exditalof the
stretch reflexes, as one of the component of thEeumotor
neuron syndrome”. This definition is still acceptemvadays;
it includes some important aspects: it refers $gfstas a
symptom, as a disorder in the somatic motilityated to the
high tonic component of the SR; it is due to thimalpreflex;



it is one of the symptoms of the upper motoneursorsome;
the tonic stretch is associated to the exaggetetatbn jerks,
and reflects the physical component of the SR;réflex of
the tone stretch is the basis of the tonus; ieferred that the
excess of the reflex depends on the stretch vgl@gjt This
last statement is the key issue for spasticity tfieation [2].
This paper presents the study on the design of
mechatronic device for quantification of all levelsf
spasticity, in joint of ankle, elbow or knees. Thjgproach is
based on the velocity dependent increase in thie t8R,

TABLE 1:
VARIABLE MEASURING RANGE IN THE PROPOSED APPROACH

Parameters Measuring range
angle 180°
electromyography 20-500 Hz
a angular velocity 500°/s

Experimental setup
The experimental set-up protocol (Figure 1) cossidtthe

according to the criteria of spasticity definitippoposed by following steps.

Lance [7], to establish the relationship, for aadievaluation,
between all levels of spasticity.

The patient sits on a chair and the electromyograph
sensors are fixed on a motor point of a bicepshiahand the

The article is divided in four sections: sectioneonEMG signal at rest (tone) is recorded. To recoré th

introduces the spasticity concept and the problenmdlation;

section two presents the proposed approach usesgpésticity
quantification; section three discusses the obthiesults and
explains related ongoing works and, finally, settifour

resumes the conclusions.

II.  PROPOSEDAPPROACH

The SR is an involuntary contraction elicited bybaef
stimulus to muscle receptors. If the arm and musclke
immobilized the result will be a measurable changehe
tension of the tendon [4].

The objective of this work is to develop a device the
quantification of all levels of spasticity, whichart be
accepted by scientific community. It aims to deypela
universal device that allows the evaluation for jbmt of
ankle, knees or elbow. On this approach the metisod
focused on the velocity dependent increasing infthréic SR,
according to the criteria of standard definitionSgasticity,
proposed by Lance [7]. This definition suggestedt tthe
Stretch Reflex Threshold (SRT) depends on the itglad
stretch.

It is determined the angle of biomechanics rangt the
angular velocity when an increase in electromyolgyap
activity occurs, for further data processing, byprmgram
developed especially for this propose. Most of diady life
activity requires joint angles of 45° for ankle,024o full
flexion to the knee [9] and 120° for elbow [10].€Be ranges
should be considered to ensure the assessmentvanmeot

biomechanical angle, biomechanical range and coenthe

angular velocity a goneometer is fixed to the arfnthe

individual. The axis of rotation of the goneomateplaced in
correspondence to the elbow joint. The arm of gareter is

aligned and fixed to the arm and forearm of theéepét. The
patient is placed in the ideal joint position. Tihéial angle

position and biomechanical range of joint are rdedrand
constantly monitored, to ensure maximum repeatgkbélind

maximal Reflex response of the Biceps Brachial.ebth

stretch the initial angle joint is checked and ostigrts a new
stretch if this condition is confirmed. The begimmiof each
stretch only occurs if the EMG signal, in the ialtposition,

corresponds to the signal captured at rest, (thecladone).
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Fig. 1: Proposed system for spasticity quantifarati

B. Experimental procedure
In order to determining the dynamic SRT (DSRT), the

in the whole biomechanical range, recruited inydéie. The muscle is stretched manually at different velositBSRT is
study proposed in [2], where are studied patieritis stroke, defined as the joint angle and the correspondinigcitg
there is detected an increase of activity of the GEMvalue, when the EMG signal amplitude also increasits
(electromyography) signal in Biceps Brachia, due the velocity, above the threshold correspondinghvitie
stretching the elbow joint, at angular velocitieb 51°s, EMG signal amplitude at rest. The Tonic SRT (TSRT)
161°%s and 430%s; this demonstrates the dependehcerepresents a specific value of DSRT when veloaifyags to
velocity of SR, in muscle affected by spasticity. zero (at rest). In this approach, the DSRT andTi8RT are
To determine the SR Threshold we propose thregpressed in velocity and angular coordinates waldée
measurements: EMG signal activity in the musclegutar SRT can be expressed as a specific point in thgerahjoint
velocity of passive muscle stretch and the joinglan angle. Thus the SRT can be related to the bodyérafn
position. Table 1 resumes the parameters and tlasuriag reference.
ranges for the proposed equipment. In Figure 2 the DSRT is plotted on a coordinateeys in
two dimensions, angular velocity versus angle. B&gjon
analyses can be used in order to compute TSRT ,value
extrapolating the regression line through the @oftDSRT.



When the regression line crosses the axes corrdsgpat preamplification system before being sent to theddmner,
velocity value equal to zero, it corresponds to ¢herdinate which enable a noise reduction.

angle at rest (TSRT). In this approach, passive surface Ag/AgCL electsoae
used and they do not cause pain to the patient SHNMIAM
[12] recommends the use of electrodes Ag/AgCl, ttogre
with a conductive gel to reduce signal noise byueng a
better contact between the electrode and the $kia.signal
muscle when measured using surface electrodes has
amplitude to 5mV. The frequency range of the EM@nal
for the correct analysis is limited between 20Hd &090Hz,
since frequencies below 20Hz tend to fluctuate tnde
unstable.

The electrodes have a bipolar configuration, engbh
— high rate of common mode rejection, and easily
8 W e 001 12 150 180 eliminating/reducing signal noise. They should kced in a

: Aget) 20 mm distance from each other. A surface cleamjalh

¥ should also be used in order to reduce the impedanc

TERT = 09 .
skin/electrode.

Fig: 2 Diagram Velocity (°/s) versus angle (°). ptial from [3]. The raw EMG signal is detected, amplified and saghpl
with an analog to digital converser (ADC), aftdtefiing with
an anti-aliasing filter. The detection algorithmirgplemented
in software in LabVIEW Software, Laboratory Virtual
Instrument  Engineering  Workbench, from National

Zﬂ?nsgl:s rgﬁjcéingznzche ([ezs]tl tﬁg]inpr?e\gl(:ﬁs irs;tul' d'wlﬁr]e Instrument so that the user can monitor the praeednd the
. Sugg ) y Inc results. The EMG signal increase detection is ¢aled by
range of regulation (Figure 3) beyond biomechanical rang¢o method proposed in [13]

of joint (0-, 6+), whered- is the start position of the passive ", o ico” jetection of on-off timing of human skdleta

stretch and6+ is the end position of stretch. In sick .
individuals the range of regulatioi. lies within the muscle during movement, based on surface electrgrapby

biomechanical range of joint (sEMG), is an important issue in the analysis @& thotor

' system. The results depend on the chaise of thidksihhe
goal is to perform signal estimation from noise teoninated
EMG signal. The common method for resolving motor-
related events from EMG signals consists of visual
impression by trained observers. The “single-thoksh
method”, which compares the EMG signal with a fixed
threshold, is generally unsatisfactory. Double shoid
detection method proposed by [13] is better tharglei

Velocityd s

Figure 3 shows the relation between the rangegflagion
of TSRT and biomechanical range of the joint [1fheTgrey
areas to right of diagonal lines indicate the aredmere
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Velocity {%fs)

£ threshold because it yields higher detection pridibatand
At higher sensitivity. Double-detection allows the ruge adapt
TSRT the link between false alarm and detection prolighiith a
i Biomechanical Range higher degree of freedom than the single-threspidlyi [14].
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Fig: 3 Relation between range of regulation of ST&W biomechanical E : v L .|'-‘| i
range of joint. Adapted from [11]. = 3 L
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C. EMG Signal detection 0 100 200 300 400 500 600 700 800

Electromyography records the electrical activitynafiscle, Time (s}
and it is a powerful tool in the analysis of hunranscular {b)
system. When the muscles are active they produateatric
current generally proportional to muscle activitg|MG
studies the muscle function through the interpi@tatof
bioelectric signal produced by the muscle.

To measure the EMG signal, surface or needle eldesr
are used, depending on the muscle type, superficideep.
Passive Surfac_e electrodes have no ampllflcatlonthm_ Fig.4. Detection results for Vastus Lateralis meggoup; (a) original raw
electrode; active surface electrodes have a signal EMG signal; (b) results of proposed method on-etedtion [13]

Amplitude (mv)

1] 100 200 300 400 500 600 700 800
Time (s)



A precise data acquisition related to the eledtriggnals,
angular velocity, joint angle and electromyograpsignal

RESULTS ANDDISCUSSION

states the velocity dependence increase in the TRR.

determine the SRT, three measurements were proposed

EMG signal activity in the muscle; angular velociof

activity in the muscle, can assure that the demjoppassive muscle stretch and the joint angle position

mechatronic device is working as expected and,, &l it
allows quantifying spasticity according to the poes
presented methods. Figures 5 and 6 show how sticcess
the data acquisition done with the developed dewig. 5
shows the acquisition related with joint angle amjular
velocity and Fig. 6 shows the acquisition relatedl
electromyography signal activity in the muscle. Tiests
were performed simulating a real exam with variabigular
velocities, resulting in the EMG signal and angbe évery
instant of tests.
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Fig.5. Angle and velocity graphics

Rl

RN TNE |||| |
+\J‘ M

b N

RN PN
| |

Signal Activity (volts)

i

Time (seconds)

Fig.6. Original raw EMG signal

Concerning the developed system, presented inpHper,
we can assure that it is able to solve the proldéspasticity
quantification.

The most important tasks for this device are theecd
data acquisition related to angular velocity, joamgle and
electromyography signal activity in the muscle.

We are, still, developing work in two directionbetfirst
one is related o the double threshold detectioloviahg the
method proposed by [13]. In this case, we belién it is a
simple task of application of a known and publisheethod.
On the second direction of work, it is intendedafmply the
developed device to measure spasticity in clinidirenment.
We are waiting, only, formalization of informal ®nt, in
order to start data acquisition in clinical enviments.

IV. CONCLUSIONS ANDFUTUREWORK

This paper presents the study and design of a eefac
spasticity quantification, to be used in joint ofkbe, elbow
and knees. This approach is based on Lance’s worhat

tselected are

The sensor devices were chosen taking into accthent

system variables and the corresponding measurerange.
In particular, the electromyography signal has aasneng
range of 20-500 Hz; the angle, 180°; and the angelacity,
500°s. The data acquisition system, board andwaodt
from National Instrument due to
functionalities. The USB interface of the board ldea
system portability, an important requirement of gneposed
device. The system prototype was validated in |atooial
environment. Next step consists of the implemeniati
testing and validation of the proposed mechatroleicice in
clinical environment, by medical staff. For thiskawe are
waiting formalization of informal consent with a kgic
Portuguese hospital and a private Portuguese clinic
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