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Abstract. Spasticity is a common and complex motor disorder that affects more than 12 million persons in the world.
There are several studies on spasticity quantification on the literature but there is still a need for measurements
improvements. This paper presents the preliminary study on the design of a assisted mechatronic device for spasticity
quantification, in joint of ankle, elbow and knees. This approach is based on the velocity dependent increase in the
tonic stretch reflexes, proposed by Lance (1980). The relevant variables, the measurement range and the adequate
measurement systems are selected. The data acquisition system, board and software, are also defined. The first results
obtained allow us concluding that the developed assisted system is reliable and well adapted to Spasticity
quantification.
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1. INTRODUCTION

Spasticity is a complex motor disorder due to aagpinal inhibition, resulting from a hiper-exdittty of the stretch
reflex. Spasticity affects more than 12 million g@rs in the world and it interferes in the naturaivements of the
patients Deccgt al. (2005), Caloteet al. (2008), Le Carvoziret al. (2002). Some of the common symptoms are:
change in the recruitment of limb’s segments asdv&re mal-functioning of the tendons reflex. Trehworth Scale
(AS) and the Ashworth modified version (MAS) are tommon scales in clinical quantifications of sig#ty, despite
expert agree that both scales may not measurenhtiraateristics that distinguish spasticity fromesttonus disorders.
Although the scale is useful in determining the ant®f resistance felt in the passive displaceréttie limbs, it does
not quantify the dependence to speed, which idehrire that differentiates spasticity (Levin, 20Bhis scale has a
low reproductive rate, a lack of validation in atluscle groups, usually affected by spasticity andirability to
differentiate the mechanical stiffness from théemfve stiffness, Le Cavorzit al. (2002).

In spite of knowing that they do not meet the cid®f a standard definition, AS and MAS scalessiileused.

Hence, there is still a need for a device that méstse requirements. The correct quantificatiospafsticity has
been under an extensively study by the scientdimmunity, but it still does not exist a well-acaspistandard method
for spasticity determination and quantification.€Tliterature presents several devices for spasiigifintification, but
none of them is fully accepted, duo to various eeasCaloteet al. (2008), (Levin, 2005), Bernhame al. (1995): the
approach of traditional measures are based onhhsepand magnitude of the tonic stretch reflexthadesistance to
passive stretch. Nevertheless, this measure isaro¢lated to the clinical impression of the sdistidegree and the
implementation of the device is still complex; aldte measurement does not meet the criteria dfrtbevn theory Le
Carvozinet al. (2002), (Levin, 2005), Bernhased al. (1995).

Lance (1980) defined spasticity as: “spasticitg isiotor disorder characterized by a velocity-depahihcrease in
tonic stretch reflexes (“muscle tonus”) with exagged tendon jerk, resulting in hyper excitabilidy the stretch
reflexes, as one of the component of the upper mmaaron syndrome”. This definition is still accegtnowadays; it
includes some important aspects: it refers spastic a symptom, as a disorder in the somatic ityotielated to the
high tonic component of the stretch reflex; it igsedto the spinal reflex; it is one of the symptoaisthe upper
motoneuron syndrome; the tonic stretch is assatitwethe exaggerated tendon jerks, and reflectspthisical
component of the stretch reflex; the reflex of timee stretch is the basis of the tonus; it is reféthat the excess of the
reflex depends on the stretch velocity Destgal. (2005). This last statement is the key issue dpasticity
guantification Calotat al. (2008).

This paper presents the preliminary study on tregtleof a mechatronic device for quantificationatiflevels of
spasticity, in joint of ankle, elbow or knees. Thisproach is based on the velocity dependent iser@athe tonic
stretch reflexes, according to the criteria of sipag definition proposed by Lance, to establisie trelationship, for
clinical evaluation, between all levels of spasfici

The article is divided in five sections: sectioneoimtroduces the spasticity concept; section twes@nts an
overview on the existing methods for spasticity mifecation; section three shows the device prodogeproach and
section four details its specification. Finallycgen five resumes the conclusions.
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2. OVERVIEW ON SPASTICITY QUANTIFICATION METHODS

The key issue is to determine which variables aeessary to correctly quantify this disorder. Areot measure to
guantify spasticity must follow the physiologicataihanisms related to the stand-up position coatrdithe movement
in healthy individuals and/or must detect possid#éciencies in any of these mechanisms that leaddtor disorders.
For the acceptance of the method, their approadt bauin accordance with a standard spasticityndiefn. In order to
guantify spasticity, in literature, a vast numbéwvariable measurements have been presented Bdrahal. (1995),
(Levin, 2005). Some of the existing methods areudlesd in the following sections.

2.1. Isokinetic device with torque generator

This method consists of applying a torque motoprmmote passive stretch of limbs, ensuring a canstelocity
stretch. Increasing the tonic stretch reflex, tré@ases the resistance to stretch, promoted byothhee motor. This
method determines the force exerted to move meniheasgiven angle, affected by the resistance iadugy the
increased stretch reflex (torque), the angle wheracreased electromyography (EMG) activity (thdd). The EMG
signal also allows for assessment the muscular. fbims method allows quantifying the changes ingghand activity
of the tonic stretch reflex of muscles affectedspgsticity Calota&t al. (2008), Bernhardt al. (1995) (Figure 1).

e

Figure 1. Isokinetic device with torque generatatdfaet al. (2008).

2.2. Pendulum Test

The pendulum test is a technique well documentethénliterature. In this method, patients are ifetain the
supine position and the passive stretch is promoyetthe free fall of the legs and registered withetectrogoneometer
placed in correspondence to the knee joint. Thieigcof the muscles, agonists and antagonisteeésrded by surface
electromyography. The data is automatically proeg s order to estimate the rate of relaxation.

This method is based on the quantification of tasise of muscles to passive stretch. Although dened a reliable
method, it has some limitations as: resistancer&ich may be due to factors other than spastisiigh as the changes
in properties of muscle tissue due to lack of #dso, a limitation of this method is that it canlpbe used to evaluate
the muscles of the knee joint Bernhaedl. (1995), Le Cavorziet al. (2002) (Figure 2).
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Figure 2. Pendulum Test (Le Cavoreiral. (2002))
2.3. Device based on the excitability of motoneures

The research performed with animals and patiertesr atroke, suggests that the measurement of Istreftex
threshold meets the criteria of the definition phsticity, proposed by Lance (1980), and it is mergable than the
processes described above for the spasticity dicatitn.

The stretch reflex threshold depends on the spéestretch. Promoting a passive stretch at differgreeds, it
allows determining the Dynamic Stretch Reflex Thedd (DSRT), defined as the joint angle and theoei¢y value
corresponding to the time when the electromyogragidpyal increases above the line average at rest.

The tonic stretch reflex threshold (TSRT) represenspecific value of DSRT to stretch a speed efguakro (at
rest). In this approach, the DSRT and the TSRTeapeessed in velocity and angular coordinates galiue, the speed
and joint angle in which the muscle activity starts

Representing DSRT points in a coordinate systetwindimensions, angular velocity versus angles passible to
determine TSRT value by extrapolating the regressiite through the points of DSRT when velocityualis zero,
which corresponds to the coordinate angle at fESR({). Previous studies suggest that when spasiipresent,
TSRT curve lies within the range of biomechanic@f and when spasticity is not present, TSRT digiside this range
Calotaet al. (2008).

3. PROPOSED APPROACH

The objective of this work is to develop a device the quantification of all levels of spasticityhich can be
accepted by scientific community. For this proptise device is based on the velocity dependentass in the tonic
stretch reflexes, according to the criteria of sitendard definition of spasticity, as previoushsabed. It aims to
develop an universal device, that allows the evandor the joint of ankle, knees or elbow.

In this approach, it is determined the angle ofitdohanics range and the angular velocity when scauiincrease
in electromyography activity, for further data pessing, by a program developed especially forpghigpose. Most of
the dalily life activity, requires joint angles dd%for ankle, 140° to full flexion to the knee (kghy, 1980) and 120° for
elbow Ennniset al. (2008). These ranges should be considered to enkarassessment of movement in the whole
biomechanical range, recruited in daily life. Arali@alotaet al. (2008), in their study of patients with stroketeiged
an increase of activity of the EMG signal in Bicdgrachia, due to stretching the elbow joint, atidagvelocities of
51°/s, 161°/s and 430°/s; this demonstrates thendepce of velocity of stretch reflex, in muscheetied by spasticity.
The measure describe above will be obtained usingass that ensure the described requirementssdrsors used in
this approach were then selected in order to censiee range mentioned.

For spasticity quantification, there are three meaag methods of interest: electromyography, thglarat the
limb’s moment and the velocity of movement. In fblowing sections, the method for the experimexltermination
of each variable is detailed.

Table 1 resumes the parameters and the measurniggséor the proposed equipment.



Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

Table 1. Variable measuring range in the propoggdaach.

Parameters Measuring range
angle 180°
electromyography 20-500 Hz
force 100 Kgf
angular velocity 500°/s

4. PROPOSED DEVICE

This section presents the proposed device for isggstietermination. It details the overall syste@moposed, the
sensors and actuators to be used as well as thentesgace to be developed.

4.1. Overall system

When designing a new laboratory or industrial pryge, a preliminary study on the relevant variabiesbe
measured and the corresponding devices commereaiadliifable must be performed. The measurementatdiected
from the physical world must be further analyzed arathematically processed.

The proposed system, shown in Fig 1, includesdhewing sub-systems:

* Sensors/transducers;

» Signal conditioning (amplifiers, filters, converter..);

« Interface between the signal from the conditiorsggtem and the computer;
« Computer;

e Software for data processing and user interface.

4.2. Electromyography

Electromyography records the electrical activity mfiscle, and it is a powerful tool in the analysfshuman
muscular system. When the muscles are active theglupe an electric current generally proportiormlmuscle
activity. EMG studies the muscle function throudie tinterpretation of bioelectric signal produced thg muscle
(Delsys, 2003).
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Figure 3. Diagram of shear modulus versus frequan®&p3 K

To measure the EMG signal, surface or needle eldesr are used, depending on the muscle type, stipkedr
deep. Passive surface electrodes have no ampbficab the electrode; active surface electrodesehavsignal
preamplification system before being sent to thed@@ner, which enable a noise reduction.

In this approach, passive surface Ag/AgCL electsaate used which do not cause pain to the palibet SENIAM
Hermenset al. (2000), recommends the use of electrodes Ag/Atgglether with a conductive gel to reduce signal
noise by ensuring a better contact between theretlr and the skin. The signal muscle when measused) surface
electrodes has amplitude to 5mV. The frequencyeasfghe EMG signal for the correct analysis isitéd between
20Hz and 500Hz, since frequencies below 20Hz terfldittuate and to be unstable (Delsys, 2003).

The electrodes have a bipolar configuration, engbla high rate of common mode rejection, and easily
eliminating/reducing signal noise. They should led in a 20 mm distance from each other. A sarfdeaning gel
should also be used in order to reduce the impedskio/electrode.
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4.3. Goniometric

The angle that the member is, at any given timanigmportant information in the study of spasyicto determine
the point where there is greater intensity of Spigt

Goniometry is an evaluation technique widely usedlysiotherapy. The movement of a joint is theaultesf
movement of a joint surface in relation to the otli&oniometry is able to measure the range of matiith the use of a
goneometer.

The goneometer should have one axis free at 1888t it can be 1D or 2D (Table 2).

The 2D version for the DELSYS is the option chodee to allowing the angle required, and the fixaygtem is
more efficient.

Table 2. Comparison of two Goneometer models

Specification goneometer 1D goneometer 2D
GN360 MIOTEC DELSYS
Free axis 360° 180°
Precision 0.5° 0.5°
Fixing method Neoprene Adhesive

4.4. Angular velocity

The angular velocity, at which the limb moves, dilginfluences the study of spasticity. Thus, tlee equipment in
guestion, it is an extremely important variablecdh be determined by using a specific transduggoscope, or it can
be determined by using the goneometer and a tirsis Balotaet al. (2008).

In this approach, it is considered the angular satesor ARS-15 MHD, for the ATASENSERS, with a tagon of
570°s.

4.5. Actuator

In order to allow the limb movement at constantesiyea motor will be coupled to the structure. lbowak, thus, the
study of spasticity at a constant speed, imposetidgngine (Figure 4).
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Figure 4. Motor for constant velocity limb movement
4.6. Signal conditioning

Figure 5 shows the schematic for the signal comiitig system.
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Figure 5. Conditioning system.

For the correct acquisition of the EMG signal, thisra need to use a bandpass filter [10, 500 Bielsfys, 2003).
The amplification is the most important task andsitresponsible for providing the best signal dyaliThe
instrumentation amplifier must have a number ofuess namely:
* High common mode rejection (CMRR);
* High input impedance;
* Low noise;
» Gain selectable;
» Frequency operation [20, 500 Hz].
The amplifier of Analog Devices AD620 (AD620, 2004} another of the same family, will be appropiat
« CMRR (>90dB)
e Input Impedance (10 MOhm)
e Low noise (<5 microvolts RMS)
e Gain selectable (350 to 3000)
» Frequency [10, 490 Hz]

4.7. Data acquisition system

Table 3 summarizes the type and the range of tteeatauisition input signals regarding the selewi@tables for
the spasticity device.

Table 3. Data input signal

EMG Force Angle Velocity
Frequency 10-500 Hz - - 20Hz-2kHz
Signal Analog. Analog. Analog. Analog.

The sampling rate of the signal, according to Ngtizitheorem (Delsys, 2003), must be at least tivieehigher
signal frequency. Thus, the sampling rate of theppsed spasticity device must be at least 4 kHz Ruits
specifications (sampling rate 250 KHz, analoguaiigfputputs), high-quality ratio functionality/pei@nd possibility to
expand, the NI USB-6211 board from National Instemiis was chosen (National Instruments, 2010).dtaiso USB
interface that gives portability to the systemequisite of the device.

The user interface to be developed includes systemitoring, data acquisition, processing and sawnga
database for further analysis as well as the d@otuan the force element.

LabView Software, Laboratory Virtual Instrument Emgering Workbench, from National Instrument enaktitee
development of graphical interfaces and the dewvetog of Virtual Instruments (VI's) specific to eampplication. This
software is user-friendly and suitable for thisckof applications and will allow, very easily, ingwing or changing the
application developed for this controller, and d¢iner kind of applications, if necessary.

5. OBTAINED ASSISTED SYSTEM

As it is an ongoing work, the assisted system ustently, being tested, successfully, in clinicaVieonment and the
first results showed that the system is reliablé aell adapted to Spasticity quantification.

The Instrumentation Setup is presented in Figuléis.composed by all the described componentsyaband also
by a laptop in order to store, and treat, all aegglinformation.
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Figure 6. Instrumentation Setup.

After receiving all necessary information, and regedime to reflect on their participation in theudy, it was
obtained the informed consent of each patient.

Each patient was evaluated in three evaluationidessseparated from two to five days, between ecutsve
sessions. It was defined the initial position o #lbow joint, in each evaluation, the positionresponding to the
maximum allowable bending the arm and forearm, withcontact between segments. The goneometer teabed to
the patient member to be assessed, with its axi®tafion aligned with the axis of rotation of tethow joint. A
goneometer arm was aligned with the patient's faneahile the other goneometer arm was aligned tithpatient's
arm. Then, the surface EMG electrodes were platedrirespondence with the motor point of the mustte figure 2
illustrates the instrumentation setup, in the édiow.

After being checked all initial conditions, it wasarted the process of recording the EMG signats amgular
displacements, by starting stretching the musdlés. forearm was extended, by the evaluator, agmifft velocities,
from its initial position to the maximum extentailed in each patient. At each evaluation, were ptethabout ten
stretches at “low velocity”, about ten stretches‘mbderate velocity” and about ten stretches aghhvelocity”.
Concerning the velocities it was considered: “lowloeity” with velocity comprised between 2°/secoadd
150°/second; “moderate velocity” with velocity comspd between 151°second and 300°second; ant Valpcity”
with velocity higher than 300°/second.

The time instant at which a SR occured was defamdorresponding to the time instant in which ivésified a
sustained increase of the EMG activity, two staddbaviations (SDs) above the average of the sitpzalis observed
without movement of the patient’s arm. This systéenanalysis allowed determining, accurately, tleresponding
values of angle and angular velocity. The DSRT defined considering both: the angle of the joind &ime value of
the angular velocity. For each evaluation, DSRTengresented in a graph in two dimensions, consigedangular
velocity (vertical axis) versus joint angle (honital axis). Tonic stretch Reflex Threshold (TSRT@swestimated by
calculating a linear regression through the DSRT.

Figure 7 illustrates an example of TSRT estimattmmsidering a studied patient. It can be obsethedlistribution
of 28 DSRTSs presented as small circles that allothedcalculation of the regression line, followitigg methodology
presented before.
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Figure 7. Regression line calculation trough DSRA grder to obtain TSRT value.
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It can be stated that the regression line intesstit axis corresponding at the angular displacemtethe value
1249, clearly inside of the range of movementsefjoint.

The detailed presentation and discussion of regufisesented in other publication of the same tdwhdeals with
this project, Ferreirat al. (2011).

6. CONCLUSIONS

This paper presents the study and design of aatertfor spasticity quantification, to be usedjaint of ankle,
elbow and knees. This approach is based on Laneerls that states the velocity dependence increaghe tonic
stretch reflexes.

The components of this assisted systm were chad@mgtinto account the system variables and theesponding
measurement range. In particular, the electromydgraignal has a measuring range of 20-500 Hzatlgte, 180°; the
force is 100 kgf; and the angular velocity, 500°/s.

The data acquisition system, board and softwatectsel are from National Instrument due to its fioralities.
The USB interface of the board enables system Ipiitya an important requirement of the proposedice.

The first results obtained and discussed, in dataiferreiraet al. (2011), allow us concluding that the developed
assisted system is reliable and well adapted tstigfiz quantification.
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