A WIRELESSACQUISITION SYSTEM FOR MONITORING THE
INFLUENCE OF LOADS ON VERTEBRAL COLUMN BEHAVIOUR

Jodo Eduardo Castro Ribeiro, Jodo Paulo PereiZadmc
Polytechnic Institute of Braganca, Braganca, Poelg
jribeiro@ipb.pt

Keywords: Biotelemetry, biomechanical, Wireless &tanyography (EMG).

Abstract: This paper presents a wireless acquisitiiodule (WAM). This allows the monitoring of healgads
influence on vertebral column’s behaviour. Each olednakes the electromyography (EMG), to measure
the electric potentials on the iliocostalis andglissimus thoracis muscles, and use a dual-axidesooseter
to get the movements of the body, in order to obtiaé complete behaviour of the vertebral colunime T
solution chosen to transmit the body’s measuredadsgfor further processing, is a wireless link kiog in
the 433 MHz ISM band. The acquired information riansmitted with a maximum rate of 40 kbps, a
resolution of 9.81V, and accommodates two analog channels. An arglagnel with differential input
connected to the electrodes, is used to measuréNt signal, while the remained channel is usethan
patient's movements measurements. The dimensionsthef proposed acquisition system are
about 7x5x2 cm, and will help to understand théuarfce of heavy loads as a risk factors in thecbea
column, such as the scoliosis and lordosis.

1 INTRODUCTION intervertebral discs, receiving and distributings th
impacts associated with the dynamic functioning of

The human posture has been an object of studies if®€ Pody; it is able, by virtue of its flexibilityto
biomechanics, once some deviations of structuralProduce and accumulated moments of force as well

and functional positions induce an unbalanced body. 85 to concentrate and transmit forces receiving fro
These deviations usually, affects the vertebral Other parts of the body (Palastarejal 2002).

column and are caused by physical efforts, badWhen someone carries a heavy object like a
postures in work, deficiency in sustentation muscle Packpack on the back, the center of gravity of body
infections and congenital causes. The main changes and it will be necessary some adaptations t

pathologies of vertebral column caused by the maintain the balance, these adaptations are pessibl

referred deviations, are the scoliosis and lordosis Pecause the —action of powerful muscles like
Sometimes these pathologies appears in childrenlliocostalis or longissimus thoracis, and the reat

when they carry the heavy backpacks on the backs,movement among the intervertebral discs. In the

in this case, it's very important monitoring the children who carries heavy backpacks repeatedly

influence of loads (backpack weight) in vertebral @nd for long time they could suffer injuries in the
column behaviour. vert(_ebr_al cqlumn that can develop patholog|e_s like
The vertebral column has very important functional Scoliosis. Figure 1 show vertebral column with a
requirements, which the most significant are: it SCOliOSIS. _ .

carries and supports the thoracic cage, maintaining! N€ Study of influence of backpack weighs on the
the balance between it and abdominal cavity: iegiv vertebral column of children is an important issue,
attachment to many muscles of the pectoral andtha_\t has been worked by many researchers for years
pelvic girdles; it provides anchorage for many (Nissinenat al, 1994; Widhe, 2001; Skaggs al
powerful muscles, which move the vertebral 2006). In this work we try a different approach,

column, these same muscles maintaining the balancéPP!Ving indirect information, using the electrical

and erectness of the human trunk; it acts as shockPOtential generated by the muscles, when they
absorber, by virtue of its curvatures and the contract and when they are rest. The technique
which could measure this electrical potential is th



electromyography (EMG). Based on the results of The vertebral column is a flexible rod with seven
EMG, combined with the movements of the body, mobile segments in the cervical region, twelve
measured by the accelerometers, it is possible tosegments in the thoracic region and five segments i
know by numerical simulation, the displacement the lumbar region. The fourth region of the veréébr
occurred on the insertions points between the column, the sacral-coccyx region, includes nine
muscles and the vertebral column fused vertebrae that together with the right arfd le
(Conceicéo, Fet al, 2007; Pato, M.et al 2007). ilia form the pelvis.
Using these values of displacements in a finite Two adjacent vertebrae and their interposed
element code, like ANSYS, we can compute the intervertebral disk form a motion segment of the
value of stress field in the vertebral column, vertebral column. Each segment has six degrees of
especially it is possible to observe where are thefreedom (DOF). In the vertebral column, there are
points more affected and the respective stresgvalu two types of joints: the intervertebral joints betm
the vertebrae and adjacent disks and the facefsjoin
between the facets (articular processes) of the
neighbouring  vertebrae. Movement at the
intervertebral and facet joints of the same motion
segment is coupled.
The intervertebral disks are flexible spacers betwe
adjacent vertebrae. The disk consists of a central
nucleus pulposus, which is a ball of hydrophilic
jelly, and the outer annulus fibrosus, a series of
laminae formed by collagen fibers. The disc height
(thickness) increases from the cervical lumbar
region from about 3 mm to 9 mm.
Any change in vertebral column posture involves the
joined movement of several motion segments.
People cannot move the individual motion segments
Figure 1. Radiograph showing a vertebral column independently.
with a scoliosis. Kinematics of the vertebral column deals eithethwit

the specific motion segments or with the entire

region of the vertebral column or
2 KINEMATICS both (Zatsiorsky, 1998).

Each of the motion segments has six DOF: because
The skeletal system of the trunk comprises the the _irllterverteblral disks can deform, the vertebirae,
pelvis, vertebral column and rib cage. The vertebra 2ddition to being able to rotate, and translatee Th
column is divided into four regions: cervical; Vertebral column as whole can produce only three
thoracic: lumbar and sacrum. movements: flexion-extension, lateral flexion and

Lateral (Side) Posterior (Back) axial rotation. The vertebral column movement
Spinal Colume Spinal Colurnn results from concurrent rotation and translation of
A o the vertebrae. The amount of motion available at
Corvical g Gomesl E_»'g various motion segments depends mainly on the size

of the disks, while the orientation of the faceinfo
surfaces, which changes from region to region,
defines the direction of the allowable movement.

The relative movement of the motion segments of
the vertebral column is allowed by an elastic
connection provide by the intervertebral disks.
Vertebral flexion and extension causes compression
in one part of the disk and traction in anothert.par
When a relative motion between two consecutive
vertebrae is analyzed, the lower vertebra is uguall
considered a fixed body and the upper vertebra is
Figure 2. The regions of the vertebral column treated as moving body. The coordinate axes are

(Bridwell, 2007).
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taken along the inferior and posterior marginshef t The compressive stress is F/A, where A is the area
stationary, lower vertebra. of the horizontal section. The bending stress is
Because the disks can deform, the same resultanM.y/l, where M is the bending moment; y is the
force and torque being applied to various vertebraedistance from the neutral line of the column (tisis
produces different movements depending on the diskthe line that experiences neither compression nor
stiffness and its dimensions, height and diameter.  tension during bending); and | is the area momént o
The rotation and translation of the vertebrae tssul inertia. The bending moment equals the produet, F

in a torsion and bending of intervertebral disks. | where e is the eccentricity (distance from the bifie
case of torsion, the disk is subjected to equal andforce to the center of the column). This distarge i
opposite twisting couples at the two adjacent crucial in provoking bending stress.

vertebrae. The axial rotatiom, is the angle by The relative movement of a vertebra with regard to
which the top vertebra turns with respect to the the vertebra immediately below it can be viewed as
bottom vertebra. For a disk of a height H, radius r combination of rotation and translation. An infait
and cross-sectional area A, on which a torquasM  number of combinations of rotation and translation

acting, the angle of twist is: can describe the same movement. To simplify the
_M_H kinematics analysis is assuming that a vertebra
=75, 1) rotates around a pole whish (1) is located on the

P

inferior end plate of the moving vertebra and (2)

where G is the shear modulus andid the polar 1 5yes parallel to the inferior margin of the refere
moment of inertia. The bending occurs when the liné grtepra. axis X of the coordinate system.

of force does not coincide with the symmetry axis o
de column, and appears a bending stress
(Adams and Dolan, 1991). The equation relating
angular displacement of the disky, with the
applied bending moment, Mis
a = MyH @
=T

where E is the modulus of elasticity andi$ a
diametral moment of inertiay ¥ 0.5},

Considering that the column is loaded with two
forces, F and —F, acting in opposite directionsi@lo
the same line of action.
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Bi.. F Figure 4. An illustration of a vertebra that hatate
c \ G Zero stres and translated from an initial position to a final
A . position about an ICR locatedRtThe center of

E\ , Stress diagram rotation C translates to C’. H is the midpoint of

xtension interval CC’.0 is the angle of rotation.

Compression

In framework of this model, the vertebral motion is

Figure 3. A model of intervertebral disk bendinget  viewed as a translation along the axis X and the

stress distribution is in vertical cross sectiormmof rotation around the pole, the center of rotation

column loaded by off-center forces, F and —F. (Cossette, Jet al, 1971). Because a rotation about
the instantaneous center of rotation (ICR) is etual

The line of action does not pass through the centerthe rotation about any parallel axis, the angle

of gravity (G). The center of gravity is the locati subtended at the ICR by the arc of motion of C is
of the resultant force acting in compression and equal to the angle of rotatio®)(undergone by the

proportional to the elements of area. The column isWhole vertebra. Because the triangle CC'R is an
under joint action of compression and bending and i isosceles triangle, HR = CC'/2t&2), where HR

stressed correspondingly (Adams and Dolan, 1988). and CC’ are the height and base of the triangle. If



the location of the ICR is experimentally
determined, location of C can be found as
ccC'
Xer= Xipe ™~ (3)
ccC'
Yer =YiRe ™71 (4)

2 tan(%)

The position of the ICR is determined by the

location of the center of the rotation, the tratista

of the vertebra in parallel with the axis X and the

rotation of the vertebra. In some patients, as
compared with healthy people, the ICR is displaced.
The displacement can be explained in terms of the
three mentioned factors. For example, elevation of
the ICR can occur only when the translation is

decreased, the rotation is increased, or both. The
three mentioned mechanisms can be explained by a

combination of biomechanical changes, such as
increased muscle pull.

3 WIRELESSACQUISITION
MODULE

The application described on this paper, needs

wireless  acquisition modules (WAMs), to
simultaneously acquire the information from the
muscles and the movements of the patient. In the

first case, the use of standard electrodes makes

possible to measure the electrical potential, above
the patient’s tissue. In the second case, a dual-ax
accelerometer will measure the motion and the
positioning of the patient.

Normally, the barrier layer forms the typical 5Q k
impedance for 1 cmof skin. There is also a skin
potential between the inside and outside of the

current and the increased common-mode rejection
performance. This chip amplify the differential
signals obtained from the two potentials collected
with the EMG electrodes, placed in the patient’s
skin. The high input impedance of this amplifier
matches with the small-signal differential voltages
collected in the electrodes. The microcontroller
automatically selects the most appropriated gain of
this amplifier, which can be: one, ten and one
hundred. The acquired signal after being amplified
by the MAX4460 and converted to a single-ended
signal, is further amplified by the MAX4249. It was
selected this amplifier, due to its low-noise
characteristics, in order to not contaminate the@EM

signal.
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X
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2-axis
acceleromets
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Figure 5: The block diagram of the wireless
acquisition module.

The analysis of the EMG signal is made in the
amplitude domain, thus, before proceeding to the
ADC conversion, it is required a peak detection of
the amplified EMG signal, followed by an
integration  (Robertsoet al, 2004).  This is

barrier layer of typically 30 mV. When the skin mandatory process eliminates the fluctuations that
stretches, the skin potential decreases to aboutcharacterise the EMG signal. As shown in Figure 6,
25 mV and this 5 mV change is what we observe asthe discharge of the capacitor, is made with alhipo
motion artifact (Websteet al, 1984). These are the junction transistor (BJT). The pulse transformer is
signals that are being acquired by the electroale$, made on the WAM’'s PCB, in order to not

further amplified by the instrumentation and furthe
converted to the digital domain.

The Figure 5 shows the architecture of a WAM,
which is composed by an amplifier, followed by an
analog-to-digital converter (ADC) to convert the
amplified EMG signals to the digital domain, and a
dual-axis accelerometer.

The amplifier is a chain composed by the MAX4460
instrumentation amplifier, and by the MAX4249
single-ended low-noise amplifier. The MAX4460

was chosed due to its characteristics, e.g., theaccelerometer

low-power consumption, the ultra low-power input

compromise the compactness of the WAM. The
circuit size WAM achieved, using surface mount
(SMDs) devices, for all the components, including
the micropower, rail-to-rail output, dual op-amp
MAX4464, used on the circuit of the integrator.

The measurements of the motion and the positioning
of the patient’'s body is made with the use of the
ADIS16003, dual-axis accelerometer of MEMS
type. This chip connects to the microcontroller, by
way of an integrated Serial Port Interface (SPRisT
was chosed, due its build-in
temperature sensor. This sensor is very useful to



make the compensation of the temperature gradientsrequirements for an easy placement and removal of
specially when the devices are placed in contattt wi the WAMSs. This is true for the target application,
the human body. because it is needed only with a low number of
c g} WAMs (no more than five), making possible to
1 discharge mount a wireless network with these plug-and-play
R ' i modules. The main advantage of this solution, és th
o MM maintenance of the mobility and lifestyle of patgen
L . during the diagnosis.
A set of two alkaline 1.5-V class AA bateries
1 supplies the wireless acquisition module, whichehav
an estimated power consumption of xyz mw.

MAX4471

Figure 6: Integration circuit.
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