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BIOMECHANICAL MODELS OF BIPED LOCOMOTION

Miomir Vukobratovié, Robotic Department, Mihailo Pupin Institute, Beograd, Yugoslavia

INTRODUCTION

The paper is not aimed at giving full insight
into the up-to-date results in biped gait and po-
sture mathematical modeling. Many researchers we-
re successfully engaged with these problems dur-
ing the past 12 years. They are mentioned here,
though not all of them. but according to-the
authors” opinion the most important results from
the field of mathematical modeling of the biped
gait and posture dynamics. The first published
paper, treating biped dynamics, appeared at the
start of 1969 [1]. After that, other paper emer-
ged, which widened the original model of biped
gait at the basis of the same idea [2. 3, 4, 5,
6]. In paraliel with biped gait mathematical mo-
deling attempts were originated, trying to imple-
ment these results, at least partially, into the
synthesis of complex active orthotic devices for
producing the basic locomotor act of paralyzed
persons [7, 8, 9]. Noted results in modeling the
biped gait and posture, and in the synthesis of
control algorithms were presented in papers [10,
s T2y 135 14], while the corresponding efforst
to develop new orthotic systems for lower extre-
mities were reported in [15, 16, 171. confirming
a continuity of efforts to find at least partial
application for the mathematical models of biped
Tocomotion.

The interesting and very important problem
stays, concerning the forming of some criterion
for the validation of biped gait at the basis of
dynamic system properties, i.e. its mathematical
model. Lack of such a criterion has been notéd,
which does not rely solely on the kinematical
system properties and on the cosmesis of the rea-
lized gait. The synthesis of a criterion for qait
validation, based on its dynamic data, presents
of course a delicate task. This paper does not
pretend to answer this question completely. It is
intended to present the broad possibilities of
the dynamic model of biped gait, or, the broade-
ness, and voluminosity of the simulation results
concerning symmetrical and asymmetrical gait, as
well all the relevant derived dynamic values, ba-
sed on which can be contenplated about some vali-
dation criterion, which would be dynamic by its
nature. The paper is also intended to demonstrate
the purposefulness of using the biped gait mathe-

matical model as a means for the generalization
and systematization of the results of numerous
investigations, by means of very modern equip-
ment for measuring and recording the kinematical
(gait pattern, gait speed, etc.) and dynamical
gait parameters (dynamic support reactions, dri-
ving torques of the mechanism joints, accelera-
tion of characteristic body points, etc.). Such
a statement is primarily based on the earlier
shown fact [4], that some simulation results of
the dynamic state synthesis of the anthropomor-
phic configuration with identical parameters
(geometry, segment masses of the body, upper and
Tower extremities, tensors of inertia of the
segments), as well with identical imposed kine-
matics to the Tower extremities (gait type), are
practically identical with the measured and
recorded values on the human baing. This conclu-
sion concerns first of all the character and
values of the dynamical reaction for<es in the
foot-support contact, as well the driving tor-
ques in all the active joints of the extremities
and of the body.

MATHEMATICAL MODEL OF BIPED DYNAMICS

In order to perform description of the biped
motion dynamics. the known procedure based on
the semi-inverse method is adopted [1, 2, 3].
Here are repeated only some basic postulates, on
which are based the forming of the mathematical
model of biped dynamics.

It should be pointed out that the zero-moment
point is of great practical significance. It is
the conditional name for the instantaneous point
at which the total reactjon forces are acting,
produced by man during gait. The trajectory of
the zero-moment points can be recorded in a re-
latively simple way.

Let T be the zero-moment point (Fig. 1). Ac-
cording to D"Alambert’s principle, the conditi-
ons of dynamic equilibrium, called the dynamic
connections, are

n

(D X f. E, M_ e = 0
1%1(0“ (Fi#63) + Py ey 0
Z (STix(?i+§1) + ﬁFi)gy =0
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where: 311 is the vector from point 1 to the cen-
ter of gravity of the i-th element: Fj, Mpj are
the main vector and main moment of the inertial

‘force of the i-th element; §1+1s the weight of

particular elements; and &, ey are unit vectors
of orthogonal axes, X and Y though the point .

The equilibrium equation with respect to the
acting point of the resulting friction force can
be written as

n

.;] (MF1.+31.X?1.)3€ =0 (2)

'l:
where 31 is the vector from the zero-moment po-
int to the penetration point of axis ¢ on the
contact surface between the foot and ground, and
€ s the unit vector of axis. ¢.

Equations [1] and [2] represent the dynamic
equilibrium conditions written in general form
for an anthropomorphic system with fixed arms.
if free arms were considered, this model would
have to be extended by as many second-order dif-
ferential equations, as the "arms" have degrees
of freedom. By fixing the arms, only three equa-
tions of dynamic connections are possible.

Since the number of degrees of freedom of the
anthropomorphic mechanism is considerably grea-
ter than three, for the (n-3) coordinates the
motion program is prescribed, and the remaining
coordinates are found from the equations of dy-
namic connections [1], %ﬂ.

The inertial forces, F, and moments of iner-
tial forces, Mg, in equations [1], [2], in the
general case, can be written as a linear form of
generalized accelerations and a square form of
relative angular velocities

5 @ (3)

where: 51, Eiv. 31, 31- are functions of genera-
lized coordinates. If %he prescribed ¢ coordina-
tes are sgparated from the set of coordinates ¢j,
and the ¢ coordinates computed from dynamic con-
nections, the general system [1], [2] can be
written in a concise form as:

n -> ..* n n -> -*.* -

B L » shytiatity T 9= 0 r
where: 313 31~ are vector coefficients depending
oné, &, 4, g%d g 1; a vector coefficient depen-
ding on§, &, &, ¢ . Eq. 4 with. the imposed
repeatability conditions [1, 2, 3]:

$5(0) = 3(1/2) (5)

where T is the step period, gives the compensa-
ting synergy (motion of upper part of the body)
at the basis of perscribed synergy of the lower
extremities (gait pattern). Since the adopted

gait is symmetrical, the repeatability conditi-
ons for the coordinates ¢~ can be written for
the half-step.

The next step is to define the driving torqu-
es for the purpose of performing the anthropo-
morphic mechanism. To define these torques, we
"break" the chain along the axes of particular
Joints. Thus for the part of the system not con-
nected with the ground, the total torque of each
joint can be computed according to [10]:
> LIRS L L
= 7%+ 7T d$.¢.¢. + 3K (6)

i=1 UV 4e1 g=1 W
where: the indes, k, shows the number of the
Jjoint where the kinematic chain of the mechanism
has been "broken". Since the coordinates, ¢(t),
are known, equation (6) makes it possible to de-
termine all the driving torques Mis i=1,...,n.

At a basis of the semi-inverse method for the
forming of mathematical gait models, sufficient-
ly instructive models were developed based on
the adopted mechanical configuration in Figure 2.
In the course of development, the algorithm for
constructicn of the mathematical gait model ac-
quired all the properties of a computer method,
which resulted in a program package of signifi-
cant flexibility consisting of the modification
of the jnitialinformation block about the gait
type. the geometry of members of the anthropo-
morphic mechanism, its masses and tensor of
inertia.

« SOME SIMULATION RESULTS

Based on such a program package, some charac-
teristic results for gait upon level ground are
presented. The parameters of the mechanical con-
figuration in Figure 2 are given in Table 1.

Simulation has been performed with various
gait parameters. As basic gait parameters were
adopted:

- S - step size (length)

- T - step period (duration), cadence

- displacement of ZMP (zero-moment point)

- overlapping % (double-support phase dura-

tion).

Both symmetrical and asymmetrical gait were
treated. In that way all basic cases were taken
into consideration, which should be significant
for real biped system behaviour.

Due to limited spa~e, very condensed examples
of the complete simulation results will be given
here. Therefore, energy analysis concerning only
symmetrical gait types upon level ground will be
presented. Also, symmetrical gait cases are gi-
ven with single~-support and double-support pha-
ses. All analyses have been performed for pres-
cribed synergy of the lower extremities (desired
type of leg motion). illustrated in Fiqure 3.
Also for the single-support type of gait, five
cases of ZMP displacement were adopted (Figure
4), while ZMP displacement for the double-support
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phase will be shown later. In Figures 5 to 7 are
presented the corresponding values as functions
of gait speed increase via the parameters T and

S for varjous ZMP-laws. Also total mechanical

work of all actuators and the maximal values of
the vertical component of the reaction force
(Figure 6) augment for greater S or smaller T,
faster gait in both cases.

In Figures 8 to 10 are presented the corres-
ponding values as functions of gait speed incre-
ase via the parameters T and S for various dura-
tions of the double-support phases,

In Fig. 11 is presented the compensating actu-
ator as function of the difference of the support
phase duration for the left and right leg AT in
the case of asymmetric gait.

In Figures 12 to 14 are illustrated the cor-
responding values as functions of gait speed by
augmenting the step size of the right leg for
5=0.8 and T=1,5 sec with asymmetric gait cases.
Mechanical work during full step augments for
fastergait with actuators both for compensation
in the sagittal and frontal planes (Fiqures 12).

Total mechanical work of all actuators and
the maximal values of the reaction force verti-
cal component augment for faster gait (Figures
13, 14).

CONCLUSION

The paper was intended to prepare the simula-
tion basis for the forming of the criterion for
the evaluation of biped gait. Compared with the
preceding results at the basis of dynamic models
of varjous complexity and symmetrical gait, in
this paper were presented cases of asymmetrical
gait, which are of practical importance. expeci-
ally in the evaluation of pathological gait. No-
tably interesting are the new simulation results
of gait with different degrees of overlapping,
which renders also the possibility of a more re-
alistic gait evaluation. Beside the dynamical
reaction forces in the foot - support surface
contact, the energetic analysis, acceleration
analysis of the compensating part, for a serijes
of characteristic ZMP - patterns, a rather broad
basis was created for concluding about the func-
tional connection between the basic dynamical
performances of biped gait and the relevant kine-
matic-dynamical parameters, which yields also the
potential possibility for quantification of the
mentioned performances in the scope of a criteri-
on for the validation of biped gait.
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T.1. Mass and inertia DATA

NR. MASS LENGTH| Proper moments inertia
of 21 (kg sec® m)
PART . [(kg sec”m') (m) Ty Jy Jz
1(10)] 0.152 |0.121 | 0.000060.00055|0.0C046
2(9) 0.612 [0.397 | 0.00815(0.00815(0.00056
3(8) 1.090 [0.431|0.01705(0.01570/0.00272
) 1.222 |0.182]0.02080/0.00990|0.01960
5 2.140 10.417 | 0.13400/0.12320/0.01950
6 0.468 |0.785 | 0.00447|0.00447]0.00036
Fig. 4. ZMP displacement
Voi At o~ ez
028 2y - iy
04 2
3
=04
o fl -028 ¥ 10

Smooth Tlevel walk

Maximal values of driving torques and mechanical
work in the function of gait speed for different
stride and T=1.5sec (symmetrical gait, single
support phase)

Case| t(sec) | ax(m) case I @ —me————
I 0.+T/2 | 0,0 L =
7 |l 0+0,3 'flos0 TIF —oe o ue

0,3:T/2| 0,035 TV et i o
0+0,5 |0,0 )
I 65772 | 6,035 Ve
v | 0£0,2 [-0,02
0,2:T/2 (0,0
0+0,2 -0,02
v 0,2:0,6 | 0,0
0,6:T/2 | 0,035

(Nm)
1401 maxM

120

Fig. 3. Adopted Trajectories of Legs

0

02
Fig. 5. Compensating actuator in sagittal plane

3 (mis)
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i (NAm)
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0 02 03 (mss)
. 6. Total mechanical work

n
—
[fa]

g 888882388

0 a2 @ (mis)
Fig. 7. Maximal values of vertical component
of reaction force

Maximal values of driving torques and mechanical
work in the function of gait speed for different
cadence and $=0.4 (symmetrical gait, different
duration of double support phase)

ZMp LAY
ax[m] T ay[m] t[sec]
0 d |0:T/2 for p=0 | p=20% — -
0,58 d 0+1(1=Tp/400) p=30% ---==-=m-
0 0 [ts(T7/2-1) P=80% ~-ee—-ea-
0,58 | d [(T/2-1)2T/2 | p=0% =e=emumen

T: Step period sec; p: % of d: Semi-distance
doup]e support phase du- of feet in
ration; frontal plane

(Nm)
80
60
40
= = . =
018 027(mis)
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5
—_—— — — —
0.18 0.27(m/s)
Fig. 8. Compensating actuator in sagittal plane
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Fig. 9. Total mechanical work
(Nm) $ max F»

=
-

700 ==

ot 0% 0.2%(m/s)
Fig. 10. Maximal values of vertical component of

reaction force

Maxima® values of driving torques and mechanical
work during full step in the function of cadence
difference between the Teft and right leg (AT)
(asymmetrical gait, constant stride)

Support phase Support phase

of left leg of right Jeq AT
t(sec)| S [ZMP Taw| t(sec) S |ZMP Taw
0-0,75]0,8 I 0.75-1.5]0,8 [ 0,00
0-0.7210,8 [ 0.72-1,5/0,8 I 0.06
0-0,70]0.8 I 0,70-1.5{0,8 I 0,10
0-0,65|0.8 I 0,65-1,5/0,8 I 0.20
0-0,60/0,8 I 0,60-1,5|0,8 | 0,30
0-0,75]0.6 I 0.75-1,5/0,6 I 0,00
0-0,72]0.6 [ 0.75-1.5|0,6 I 0,06
0-0,7010,6 I 0.70-1,5|0,6 I 0,10
0-0.65(0.6 [ 0,65-1,5|0,6 I 0.20
0-0.60(0,6 I 0,60-1,5[/0,6 I 0,30
case: T =1,5 S=0,8 — .

T=15 S5 = 0,6 e~
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(Nm)$ maxM (Nm)} A
100'/
oof -
gob---"""""" 304
0 Y
20 0
Alfsec) i’l’(ﬁec)
0 01 02 03 0 o1 02 03

Fig. 11. Compensating actuator in sagittal plane

Maximal values of driving torques and mechanical
work during full step in the function of stride

difference between the left and right leq (asym-
metrical gait)

Support phase Support phase
of left leg of right leg AS

t(sec) [ S |ZMP Taw|t(sec) S |ZMP law

0-0,75 (0,8 I 0,75-1,5]0,80 I 0.00

0-0,7510,8 1 0,75-1,5/0,85 1 0,05

0-0,75 (0,8 I 0,75-1,510,90 I 0,10

0-0,75]0,8 I 0,75-1,5|1,00 I 0,20
{Nm) (Nm)

10

1 40

S0 -

| as | AS
o’ 01 0.2 of 01 02

Fig. 12. Compensating actuator in sagittal plane
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Fig. 13. Total mechanical work
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Fig. 14. Maximal values of vertical component
of reaction force
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ANALYSIS AND SYNTHESIS OF PARETIC GAIT - MEASUREMENTS AND ELECTRICAL STIMULATION

Miroljub Kljaji¢, Matija Malezi¢, Uroé Stanié&

J. Stefan Institute, E.Kardelj University, Ljubljana, Yugoslavia

INTRODUCTION
I

. For several years research on application of fun-

ctional electrical stimulation (FES) to paretic pa-
tients enhancing externally evoked functional mo-
vements in walking, has been going on in Ljublja-
na. For this purpose stimulators, together with
the measurement equipment, were developed
enabling the introduction at new therapeutic and
orthotic method of rehabilitation. New methodolo-
gies have been always starting with feasibility
studies consisting of patient indications and scle-
ction , qualitative medical evaluation together with
measurements of the biomechanical paramocthers,
EMG activity etc., representing the analysis of
the movements produced by the stimulation of the
neuromuscular structures ,and synthesis of exter-
nally evoked ones. The effects of FES were com-
pared to the movements without stimulation, and
further research work is planred on larger popula-
tion of patients to assure statistically significant
improvements.

METHODOLOGY AND INSTRUMLENTATION

For the rehabilitation of paretic gait single and
multichannel electronic stimulators have been
designed. (1,2) Starting in the early phase imme-
diately after the lesion sophisticated six channel
devices have enabled initiating gait pattern,
strengthening muscles and establishing antigravi-
ty suﬁlport.’l'hrough out six-channel stimulation
therapy simple stimulators have been introduced
for the orthotic use. After the conclusion of
therapy patients have been issued single channel
orthotic devices for the use in their home environ-
ments (3). Surface as well as implantable techno-
logy have been developed for this purpose (4).

Effects of stimulation have been measured and
evaluated during and after the FES treatment.
Planar goniometric system measuring angles in
the six leg joints have been designed (5) together

with ground reaction measuring systern including
force-shoes and crutches (6) have been designed
and used in the measurements (Fig.1).

IFig.1:

Paraparetic patient with six-channel sti-
mulator, sagitial plane goniometers, force
shoes , and force crutch during measure-
ments
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Specially developed software package has enabled
on-line computing of the measured data on a mini-
computer. (7).

RESULTS

The effects of multichannel electrical stimulation
of the main leg muscles are shown on Fig.2.

PATIENT V.J (HEM) GONIOGRAMS - IMPAIRED SIDE
WITH STIHULATION WITHOUT  STIMULATION

ORSI FLEX 0T 11 AT ==
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——— NORMAL POPULATION GONIOBRAMS
STIMULATION SEQUENCES

I'ig.2: Goniograms of joint angles of hemiparetic
gait (full lines) with and without stimula-
tion together with normal ones (dashed
line) and stimulation sequences.

With the simultaneous stimulation of m.tibialis
anticus, m. biceps femoris, m.quadriceps, and
m. gluteus maximus, more normal angles and
better repeatability have been obtained (8).

Common graphical representation of the measured
cdata has been determined using a statistical
approach over least 30 steps. Different computer
print-outs are accessible to explicit the measure-
ments. Time plotts of vertical component of grouncl
reaction force under both feet and crutch are

shown in the upper part of. Fig.3 with the mean
values (full line) and standard deviations (dotted
line), while trajectories of zero moment point
under both soles are shown in the lower part of
Fig.3 with mean coordinates (full line) and stan-
dard deviations in predetermined phases of stance
(rectangles) (9).

FILES  100x-2 341 1Lls
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ig.3: Ground reaction forces and their spatial
distribution under the feet and crutch
during gait.

Similar print-out have heen designed for gonio-
grams of joint angles (Iig.4) with the mcan valu-
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Fig.4: Goniograms of hip, knee, and ankle
sinchronised by force- basograms for
left and right leg.

es (full line) and standard deviations (dotted line) .
Instead of commonly used foot-switch functions,
force-basograms have been used for sinchroni-
sation (Fig.4. - bottom diagrams) (9).

CONCLUSION

The approach to the analysis and synthesis of
parctic gait has been discussed. The developed
measurement instrumentation has been evaluated
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as usclull tool for the estimation of gait and deter-
mination about the therapy. Besides, the stimula-
tors have been designed for both therapeutic and
orthotic applications during the rehabilitation of
gait.
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INTRODUCTION

Qur aim is to provide a review of the
problems in external control for the
restoration of locomotion. Biocybernetic
aspects are introduced to highlight current
achievements in the field and to pinpoint sound
directions for further research work. Our
emphasis will be on the severly impaired
neurological patient and the demands these
patients place on the design of external
controls,

BIOCYBERNETIC ASPECTS

A biocybernetic approach is useful for
analysing pathological neuromuscular mechanisms
and defining sound possibilities for the
introduction of external controls., In this
paper we are going to use a systems theory
approach in order to indicate the state of the
art in the field of external control. In this
simplified and short overview the state of the
art will be given in:

~ gait analysis and synthesis for

— understanding the neurologic disorders
and special problems in each category of
patients in regard to the

- advantageous use of the neuromuscular
system mechanisms and

- the characteristics of the currently
available external mechanical and
functional electrical stimulation (FES)
control means in gait restoration.

Systems theory demands that the system be
understood before a control is applied to it.
This is best exemplified for our purposes by
reference to the following figurec.

In this block diagram the patient is the
systein, and is represented by blocks A and D.
The external control system is represented by
block C. Block A, the higher levels of the
CNS are excluded from the external control
function. Those functional elements which are
subject to external control are marked with an
asteric (*). Theoretically if the transfer
function of B is known then for any input the
corresponding output can be determined. Even
for a missing natural input (marked X) we can
compute the required external control for
obtaining a given output,

Philoscophically for any system to obtain a
given output we can ') apply the needad inputs
or 2) modify the internal components of that
system, Our current knowledge of the CNS is
such that modification of the internal
components is limited at present to destructive
invasion. Perhaps in the future we may be able
to "rewire'" the intermal circuits to provide
adequate control of locomotion. For the time
being application of the needed inputs is more P

I

feasible. As a consequence the systems

approach requires not only a knowledge of
transfer function but an understanding of q
different patient disorders. |
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Patient locomotion disorders may be
classified in two ways:

A) neurologic patients (hemiplegia,
cerebal palsey, multiple sclerosis,
spinal cord injury . . .) who have
pathologically organized neural control
of locomotion but intact natural
structures and

B) traumatic patients (amputees, lower
motor neuron or peripheral nerve
lesions) but with intact normal neural
control,

It is clear that the B group of patients is
philosophically the less demanding group for
external control. Here the goal is to
substitute a biomechanical device for the
missing structure and to use the patients
natural control to achieve the desired function.
In the A group the specific pathologic
organization must be understood and the transfer
function of the neurocontrol known before the
external control can be applied.

The external control system block C is
composed of the external controller (1), the
proprioceptive information pick up and
processing unit (2), the voluntary control
signal processing unit (3), and sensory
biofeedback display unit (4). It is this last
unit that offers many prospects for further
development., At this point it is now known how
the patient utilizes this information in the
integration of the total control system, The
neurologic patient can be assisted by mechanical
bracing, FES, or a combination of both. Trom a
biocybernetical aspect it is obvious that
mechanical bracing provides support but does not
use the "system" output effectively. It is more
desirable to use the output of the system
however limited to accomplish the restored
locomotion., In this regard FES holds great
promise as it provides the additional
possibility of affecting the internal
organization of the nervous system pathology
and perhaps a much improved output beyond what
would be expected from the initial goal. More
on this later.

TASK ACCOMPLISHMENT

. Without an arguement from anyone in the
Fleld a rather long list of task or topics to
lnsure progress in the restoration of
locomotion via external control could be
produced., Given the uniqueness of each patient
the multiple disciplines involved in this
complex problem and the rapidly developing

’

technology the attempt to do so seems almost
impossible. Yet in spite of this complexity
the biocybernetic approach allows a definable
goal to be assumed and the basis For its
attainment to be persued. Remember progress
has been made in spite of the complexity and
it is important to site a few critical tasks
of common interegt to a broad group of
researchers. Three come quickly to mind.

1. Understanding thc biomechanical events
in normal and pathological gait

2. Understanding the neurological bases
for the bilomechanical events

3. Development of the technology for the
external controller to achieve the
integration of the biomechanical
events and underlyirng neurophysiology
for locomotion

Despite our increasing understanding of
each of the three task areas just cited,
something seems to be lacking. In the process
of patient assessment for the restoration of
locomotion the physician is not at a loss for
the availability of detailed data with regard
to motion analysis or ever increasing insights
into the neurophysiological mechanicisms. The
physical finds him/herself unable to use this
information in such a way as to lead to
clinical interpretacion (9) particulary in
answer to the question of why an individual
patient performs a given way and the clinical
reason for it. Why? Because for a given
motion deficiency there may be different
medical reasons responsible, For example:
inadequate ankle dorsiflexion found in a
pathological gait can be the result of weak
dorsiflexors or because of spastic plantor
flexors, But even when the clinical reason is
accurately described, still the major problem
of how to use this knowledge will remain. We
are at present limited in our external input
capability to the patient as a system because
we lack a thorough understanding of how the
nervous system is integrated to produce normal
locomotion. We know even less about its
disorganization in pathological conditions.
Therefore selective correction and application
of an external control is problematic. As a
final comment to this area of physical
assessment the question of an "optimal
locomotion model' for a ncurologic locomotion
disorder is still debatalbe, namely should the
criteria be a comparison to the normal or is it
better to achieve maximal performance in a
broader sense. One approach, FES, has produced
particularly practical solutions in external
control because its goal has been to achieve
maximal performance in this broader sense.
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FES AS AN EXTERNAL CONTROL

Biocybernetic aspects of external control
using FES are better recognized by illustrating
the results of control obtained thus far.
Liberson (1) demonstrated that' FES can be used
for provoking direct muscle contraction for
functional use.

In Fig. 6 a complete lesion T-10 paraplegic
patient exerting biped gait in parallel bars
is shown. The gait phases, double stance and
single stance are controlled via efferent FES,
while the swing phase is performed by FES
afferent triggering of the flexion reflex
withdrawal movement and hence the dissected
spinal cord is used to synchronize and maintain
the flexors contracted at the hip, knee and
ankle joint., The latter is an example that the
higher structures of the spinal cord camn be
externally controlled in our case even by the
pheripheral inflow of information (2, 3). It
has been demonstrated that FES is useful for
restrengthening of disused muscles (3, 4) and
that chronic stimulation converts fast muscle
fibers to slow fibers which are less fatigable
by altering their metabolism. In addition, it
has been demonstrated that prolonged FES can
improve and modify voluntary control and the
spinal cord pattern of muscle contraction in

hemiplegic patients (5). Today it is known
that FES can be used for facilitation of
various events in regard to neural control.
Also FES can be used for spasticity and

muscle tone alteration (6, 7, 8) but at present
the mechanisms causing these changes are not
explained clearly.
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Figure 7, redrawn after (7) clearly
illustrates that after only 30 minutes of FES
for flexion reflex elicitation at the peroneal
nerve resulted in improved joint compliance
and diminished EMG in dorsal flexors., FES is
an effective means for clonus reduction in
patients suffering from cerebrovascular,
craniocerebellar and other brain incidents as
well as in multiple sclerosis patients (6, 8).
It is interesting to note that in M.S. patients,
spinal cord FES (8) and peripherally applied
subcutaneous nerve stimulation do result in
similar results of depression of spinal reflex
excitability observable in clonus inhibition
for up to 3 hours (6). The author of this work
also demonstrated that FES applied afferent
inflow at the wrist (median or radial nerve)
can suppress ankle clonus and that the probable
mechanism mediating the effect is centrifugal
inhibition via long-loop reflexes. This is
from a biocybernetic aspects an interesting
result showing that indeed the CNS organization
can be altered and hence controlled to a large
extent using different input loci., FES can
also provoke therapeutic alfects (10) and
produce reorganization of the neuromuscular
control as was shown in hemiplegic patients (5).
From a biocybernetic point of view it is clear
that FES is developing into an important
external control means capable of altering in
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a broad sense the neuromuscular control., The
will enable the rehabilitation of neurologic
patients by means of a new emerging field--
restorative neurclogy. Therefore, continued
research must be conducted to improve the

. technology of FES.

CONCLUSION

Restorative neurology is an emerging field
and FES technology will contribute not only to
the clinical restoration of locomotion but
also holds forth promise for a tool to provide
insight into the basic organization of the
central nervous system's organization for
locomotion, Much research néeds to be done in
the development of hardware, implantable
batteries, multichannel controllers, etc;
neurophysiclogical insights are needed such as
how to generate afferent FES cextension and even
eventual direct neural transfer of information.
Much is hoped for by the patients who suffer;
much more is needed by us who can contribute
to the solutions of restoration of locomotion
by external control,
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THE USE OF SURFACE EMG (PART I): WHICH PARAMETERS CAN BE USED IN ORDER TO DESCRIBE SURFACE EMG?

Kasper L.Boon, HermieJ.Hermens, Gerrit Zilvold

Jechniecal Universily Twenle, Rehabilitalion Tenlre 't Roessingh, Enschede, the Netherlands.
INTRODUCTION the Reporting of EMG Research.

Surface EMG introduces interesting features
like: 1. the pick up area of surface electrodes
is relatively large so 'grosso mode'
an impression of large parts of a mus-
cle will be obtained. With many neuro-
muscular disorders muscles will be
more or less totally involved.
2. with several neuromuscular disorders
follow up investigations are necessary.
It is convenient to use surface EMG in
these cases because it does not intro-
duce any physical or psychological dis-
comfort.
It can be demonstrated that changes on the level
of motor units are also detectable in surface
EMG (e.g. Lindstrom, 1977).

WHICH PARAMETERS CAN BE USED

The fact that usually a noisy pattern is found
is certainly one of the reasons why surface EMG
1s not very popular in clinical practice. The
theory of signal analysis shows how such a noisy
signal can be identified in terms of a proba-
bility density function (PDF) and a power spec-
tral density function (or shortly 'spectrum').
The PDF describes the behaviour of the signal
with respect to its amplitude. An estimation of
the PDF is obtained by the amplitude histogram.
The spectrum describes the behaviour of the sig-
nal with respect to its variability in time. It
is important to notice that parameters like the
number of peaks, can also be derived from such

a spectrum (Papoulis, 1965).

With the amplitude histogram we have to realize
that EMG is measured by means of amplifiers that
are AC-coupled. This means that the mean ampli-
tude will be 0. It can be shown statistically
that surface EMG will usually lead to a Gaussian
distribution function. This distribution can
solely be described by the mean value and the
standard deviation (SD). Since in ocur case the
mean value is 0, we can conclude that the SD is
the only parameter of interest. Unfortunately
this parameter is not mentioned in the well
known ISEK-report: Units, Terms and Standards in

5 -
Figure 1
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It will be shown in Part II that with certain

disorders significant deviations of the Gaussian

distribution can be found. These deviations can
be quantified by means of the statistical uell
known parameters skewness and kurtosis.

The spectrum cannot be described by means of a
single parameter. The choice of the spectrum
parameters is more or less arbitrarely.

We examined:

Fpmax: this parameter is the frequency at which
the maximum of the spectrum is found.

Firsl peak or bending point (Ffire): this para-
meter is related to a mean firing frequency.
Center of median frequency (Feenter)
Characteristic points: F-6dB and F-10dB: these
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points indicate the 6dB and 10dB points in the
spectrum.

Characteristic power; Prel 100: this parameter
indicates the relative power (in %) in the spec-
trum above 100 Hz.

Furthermore parameters are investigated that are
based oh the parameters already introduced, viz.
Reciprocal innervation coefficient (RIC): this
is the quotient between the SD of antagonist EMG
activity and the SD of agonist EMG activity.

This parameter is used e.g. by Prevo (1979).
[MG/force gradient ([FC): this parameter indi-
cates Lhe increase of EMG (indicated by the in-
crease of SD) divided by the increase of force
(in Newton).

Finally we studied also some parameters that are
commonly used, viz.:

Integrated FMG (IEMG): mean absolute [MG (per
second).

Mean top-top amplitude per second (Vtt).

Mean number of tops per second (Ntop)

METHODS AND MATERIALS

A subject is seated in a chair. His pronated arm
is held in a horizontal plane at the level of
the shoulder. The angle between fore arm and
upperarm is 90 degrees. Force transducers are
placed at the wrist. EMG is measured with seve-
ral different types of electrodes. A Medelec
amplifier (MS6) is used. The EMG is fed to a
digital computer. The signal is sampled with a
sample rate of 1000 Hz. during an interval of
2.048 seconds (12 bit AD-converter). The spec-
trum is calculated by means of a modified Black-
man Tukey algorithm in which a Papoulis window
is used (band with 250 points).

RESULTS

During a pilot investigation the EMG activity of
biceps and triceps is registrated with different
electrodes (one subject). First onc electrode

is placed at the distal tendon of the biceps and
the other is shifted towards the belly. In this
case an increase of SD and a decrease of Ntop
is found. After this investigation a standard
bipolar Medelec surface electrode (EL211M) is

Figure 2

standard position

to amplifier of electrodes

distal Eengon

&t amplifier

used. Again the electrode is shifted from ten-
don to belly (grounding at the wrist). Now a
maximum of SD is found in a region of 3-5 cm
from the distal tendon. The parameters Ntop,
F-6dB, F-10dB, Fecentr and Prel 100 show a mini-
mum in this region. The electrode configuration
indicated in the Figure 2, coincides with a
distance of about 3 cm (centre electrode to ten-
don). After this investigation a group of 10
healthy subjectsi(aged between 20-30 years) is
investigated. As an example table I shows some
results obtained at a force of 24N.

TABLE I (variability between 10 subjects)

PARAMETER NEAN S.DLV (in % of mean)
SD (uv) 80 27
Fcenter (Hz) sQ 10
F-6d0 (Hz) 70 30
F-10d8 (Hz) 100 10
Prel 100 (%) 8.3 30
EFG (uV/N) 2.9 40
RIC 14 24
Ffire (Hz) 15 20

Furthermore during 15 days every day a 'standard
measurement' is performed with two healthy sub-
Jects. In this way the reproducability can be
studied. The next table shows some results at

a lorce of 32N.

1ABLE IT (variability al one subject)

PARAILTCHR [ILAN SLDVTin N ol mean?
Nlop 197 9
SD (uwV) 9% 20
I'fire (Hz) 17 7
Fpmax (I1z) 45 15
Feenter (Hz) 50 6
F-6di (Hz) 90 6
Prel 100 (%) 6 30
RIC W15 20
EFG (uV/N) 2.2 20

A rather linear relationship is found between
IEMG, Vtt and SD. Usually SD=K.IFMG with 1<K<£1.3
(force between 8 and 32N) and SD=K.Vtt with
-6<KL. 7. Ffire is a rather independent parame-
ter: it is related to the firing frequencies of
motor units. F-6dB is considered as less impor-
tant because it fluctuates to much between indi-
viduals. Ntop and Fcenter are very reproducable.
Prel 100 can change significantly as will be
shown in part II.
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SEFRCTS OF GROUND ELECTRODE POSTLIION OMN HLECTRO YOGRACE (O 10n
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Jean P. Boucher and Nobert J. James, Uepl., of Exercise Science, Universily

ol Massachusetts, Amherst, VA, [[GA,

Myoelectric potentials recorded with
bipolar surface electrodes are frequently
utilized as a quantitative measurement
of muscular activity in kinesiologilc stu-
dies (Boucher & Lagasse, 1981). This
past decade, several developments were
achieved in the area of automatic gquan-
Lification (Boucher & Lagasse, 1979), as
well as in the area of electrode place-
ment (4uniga et al, 1970) in electromyo-
graphy (EMG). Zuniga et al (1970), for
example, reported that the amplitude of
myoelectric potentials recorded with sur=

face electrodes is related to the position

of the exploratory electrodes over the
studied muscle, These authors demonstra-
Led a ligitimate concern regarding the
skin preparation and position of the
exploratory electrodes, wilhout paying
much attention to the posilion of the
reference or pround electrode, Murther-
more, the posibion of the ground electro-
de is olften not reported and/or inconsis-
tant throughout the reviewed literature.
The purpose of this study is to inves=
tigate the effects of different ground
electrode positions upon Lhe amplitude
and frequency of myoelectric potentials
recorded with bipolar surface electrodes.

gy

METHODOLOGY

' A total of nine college age male stu-

dents participated as subjects in this
sludy, Beckman bipolar surface clectrodes
(Ag/Ag~Cl) were placed over the predeter-
mined motor point of the biceps brachii
(long head) with a center to cenler dis-
itance of six centimeters, Two pground
‘electrode positions were compaired: over
the belly of the muscle (between the two
exploratory electrodes), and a bony area
(ipsilateral ulnar styloid process)
{fipure 1). The same BEMG slgnal was fed
into two independant amplifiers (Cyborg,
J33%), with two different ground electro-
des ffigure 1), and in turn was displayed
on a dual trace storage cscilloscope.

i
Txperimental clectrodesconflipuration
and instruments arrangement. R1 % TE:
exploratory electrotes; GM: grocund elec-
trode on the belly «f the musci»; Of:

ground electrode on the ulnar ctyloid
process; A1 & A2: dlfferential ampli-
fiers; C: wrist cufi; 5G: strain gauge.
—_—— e eee—
The subjects were asked Lo perforwm four.
isometlric contractions agailnst a wrist
‘cuff attached to a strain gaupe (figure
1), two maximum voluntary contractions ,
and two at 10% of thelr maximum, *
The mean peak~to-peak amplitude and
the mean frequency over a 100 ms time
period was quantified (Boucher # fLagassé,
1979) for ecach Lrial. The raw LMG signals
were also decomposed into their frequen-
.cy components by power spectrum analysis
(5P58, SPECTRAL). Tinally, all experi-
mental conditions were compaircd with
‘a split-plot analysis of variance model,

RESULTS
The mean amplitudes and fregucncies

Tor all experimental conditions are pre-
sented in table 1. “he 0.206 menan diff-

——
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TADLE 1

Mean amplitude and frequency for all ex-
perimental conditions. Maximum voluntary
contraction (MVC), 10% of MVC, ground
electrode on a bony area (BONE) and on
the belly of the muscle (MUSCLE).

AMPLITUDE (mV) FREQUENCY (Hz)

! MVC 10% MVC C 0%
' BONE 0,779 0.105 127 125
‘MUSCLE 1,184 0.111 164 196

erence between bone and muscle ground
electrodes, and the 0.874 mV difference
between levels of muscular contraction,
represent a significant increase (p .01
in EMG potential amplitude. In terms of
EMG potentials frequency, the 106 Hz in-
crease measured between ground electrode
positions is significant (p .01), where-
as the 14 Hz mean difference between le-
vels of contraction failed to reach the
significant level. However, the interac-
tion between contraction levels and elec=
trode positions represent a sipgnificant
factor (p .01). Furthermore, figure 2
contrasts the spectral density distribu-
tions of the two signals (GB & CM) taken
on one MVC trial., The signal with the
ground electrode on the bony area (aB)
represent a narrow band unimodal signal
with a peak frequency of 93 liz, whereas
the second signal (GM) is a very broad
band multimodal signal with a peak fre-
quency of 120 Hz and secondary peaks atl
all 40 Hz harmonics.
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FIGURE 2

Typical spectral density distributions
for the EMG signals with the ground elec-
trodes on the bony area (GB) and on the

DISCUSSION

The significant difference in myoelec-
tric potential amplitudes between con-
traction levels was to be expected and
is of less importance in the present
study. The significant differences in
potential amplitudes and frequencies
associatéd with the electrode positions

‘represent an important finding, which is

in contradiction with Basmajian & Blu-
menstein's (1981) advices., These authors
staded that the ground electrode location
is not critical. According to the results
the two electrode configurations repre-
sent two different systems (Boucher, 1981).
The one with the ground electrode on the
bony area behaved as a narrow bandpass
system, whereas the second one responded
like very broad bandpass system revealing
a different peak frequency and different
narmonics(Boucher, 1981).

it is obvious that this paper is only
a first step toward the understanding of
the effects of ground electrode position
in surface RMG; and even though the equip-
ment was rigorously calibrated, lhe pvos-
sibility that the results were duc to
measurement artifact probably stiil
exist. However, such draslic differences
clearly reveal the need for ground elec=
trode position standardization an. also
the need for further research on .he to=
pic of EMGC modalities. i
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SURFACE EMG SPECTRAL ANALYSIS. AND ITS APPLICATION TO DIAGNOSTIC CLASSIFICATION

G.F. Inbar and A.E. Noujaim, Department of Electrical Engineering and the Julius Silver Institute of

Biomedical Engineering, Technion - Israel Institute of Technology, Haifa, Israel.

ABSTRACT

The present work deals with the spectral
characterization of the Surface EMG signal and
its application to diagnostilc classification.
Traditionally such data is from subcutaneous
needle electrodes which may have to be 1nserted
several times to obtain the desired signals. This
clinically painful procedure was bypassed through
the use of appropriate surface electrodes.

Pinelli [1977] showed that the measurement
of MUAP (Motor Unit Action Potentials) parameters
(shape, rate, and phase) has great clinical inter-
est. Lindstrom [1970, 1974, 1977] and Agarwal &
Gottlieb [1975] have shown that the Surface EMG
signal consists of two major components. The
first component is the firing rates of the MU
(Motor Units) that contribute the low frequency
components below 40 Hz. The second component is
the resulting frequency spectra of the MUAP that
contribute the high frequency components above
20 Hz. The frequency band of the spectrum is
dependent upon the electrodes' geometry. There-
fore it is clear that under appropriate surface
measurement, the MUAP parameters are present in
the spectrum.

Surface EMG was recorded from the biceps
with fixed muscle length at 50% MVC (Maximal

EILE NAME : RK5@MVC. BIN
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FIG 1: SIXTY ALL-POLE SPECTRUMS (28 COEFFICIENTS) AS A FUNCTION OF TIME

Fig. 1: Sixty all-pole spectrums (20 coeffici-
ents) as a function of time.

ABNORMAL GROUP THAT PARTICIPATED IN BUILDING THE DISCRIMINANT VECTOR :

1) KY (R)
2)  GM
3) 1A (R)
4) 1A (L)
5)  KSY

NORMAL GROUP THAT PARTICIPATED IN BUILDING THE DISCRIMINANT VECTOR :

1) RK
2) ps
3) A
4 YK
S)  EG

DISCRIMINANT RESULTS FOR THOSE WHO PARTICIPATED IN DISCRIMINANT VECTOR
CONSTRUCTION :

ABNORMAL GROUP : 1) KY (R)
2) oM
3) IA(R)
4)  1A(L)
S) KSY

3054258
3054244
3054251
3054252
3054244

wonouon o
[}

NORMAL GROUP 1) RK
2) Ps
3) JA
4) YK
S) EG

773553
773556
773559
773557
773549

THRESHOLD PROJECTION OF THE ABOVE TWO GROUPS IS THEREFORE = - 1140352

’

DISCRIMINANT RESULTS FOR "STRANGERS' :

NAME NEEDLE DIAGNOSIS PROJECTION RESULT DISCRIM. DIAGNOSIS *

Jy ABNORMAL -13987318 ABNORMAL

SR ABNORMAL -4992499 ABNCRMAL

HP ABNORMAL -15685375 ABNORMAL

KY (1) NORMAL 9436016 ABNORMAL X

SI NORMAL 2339655 HORMAL

YY NURMAL 1518450 NORMAL

MR NORMAL 6585276 NORMAL

ZR NORMAL -550181 NORMAL

FIG. 2 @ FISIER LINEAR DISCRIDINANT RESULT WITHE 5 ABNORMALS AND S NORMALS
SHARING THE CONSTRUCTION 1 TWEE DISCRIMINANT VICIOR,

Fig. 2: Fisher linear discriminant result with
5 normals sharing the construction of
the discriminant vector.

Voluntary Contraction). The signal binapass
was 10 Hz to 230 Hz where most of the surface
EMG encrgy is located. The signal, sampled at
500 Hz, was found to have a changing spectrum,
this is demonstrated in Fig. 1. Stationary
segments of 500 msec were subject to Linear
Prediction mathematics to model the surface EMG
signal.

The segments were identified by calculat-
ing first the All-Pole, Autoregressive model
parameters using the autocorrelation method.
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The "Remnant" signal was used to help find the
optimal filter order because the normalized
error test (l-—Vp+l/Vp) fails. The predicted
signal was subtracted from the original to
obtain the difference (remnant) signal. The

RMS (Root Mean Square) value was then calculated
for the difference signal and its percentage of
the original was also calculated. It was found-
that 20 All-Pole coefficients give a reasonable
segment approximation. The average of each of
the 20 coefficients was calculated as a func-
tion of the segment number for deriving the
number of segments that identify a record. The
segment shift was statistically stationary of
500 msec. After 10 segments it was found that
the coefficient average started to converge.

10 segments were used to identify a record.

For classgification, the Fisher Linear Dis-
criminant technique was used for the 20 x 10 co-
efficient matrix of each subject. Despite the
relatively large dispersion in the model para-—
meters of the same subject under the same

recording conditions, major group classification

was achieved. With 5 normals and 5 abnormals
sharing the construction of the Fisher Linear
Dlscriminant Vector, 87.5% classification was
achieved on a sample of 3 abnormals and 5 nor-
mals using clinical needle electrode diagnostic
classification as a reference. This result is
demonstrated in Fig. 2.

1.
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INTRODUCTION

On the basis of anatomo-pathological considera-
tions, discrimination of acute neurogenic lesions
from myopathic disorders should be assessed tak-
ing into account both the morphology of the motor
unit potential (MUP) and the firing rate of the
motor unit potential trains (MUPTs). However in
some cases the presence of short and plyphasic
potentials of reduced amplitude in early stages
of neurogenic atrophies as well as increased fir-
ing frequency in severe myopathies gives rise to
misleading EMG patterns.

Recruitment studies are therefore important to
differentiate a recent neurogenic lesion from a
myopathic one: in the first case there is a de-
crease in the density of electrical activity dur-
ing voluntary contraction, while in the second
case a full interference pattern appears already
at submaximal contraction.

This work describes the behaviour of a number of
Time and Frequency Domain parameters computed from
the EMG signal, measured at 20-30-40% of the maxi-
mum voluntary effort in the case of myopathic and
peripheral neuropathic patients.

MATERIAL AND METHOD

Experimental data have been collected from the
Right Biceps Brachii of 14 subjects by means of a
Concentric Needle Electrode, using a Medelec MS6,
four channel, two sweeps Electromyograph. Accor-
ding to the CNEMG findings each muscle has been
assigned to one of the following two Groups:

i) myopathic muscles (5)

ii) peripheral neurogenic muscles (9)

The test was carreid out under isometric non-fati-
guing conditions with the arm flexed at 90° and
the forearm in complete supination to avoid sy-
nergic contraction of the agonist muscles.

The force exerted by the contracting muscie was
measured at 20%, 30% and 40% of the maximum by
means of a dynamometer.

Before acquisition the EMG signal was low-pass
filtered at 2000 Hz with an active analogic equa-
lized filter and then sampled at 5000 Hz.

The recorded EMGs have been processed by a PDP
11/34 minicomputer provided with four disc units
(two of 10 Mbyte and two of 5 Mbyte), an A/D

converter, three visual displays as interactive
terminals and a parallel printer as output pe-
ripheral unit. The experimental EMG signal file
is stored in a library of 5 Mbyte discs, each
signal occupying 192 blocks of 512 byte each,
approximately corresponding to 10s temporal epoch
while the programs are resident on the 10 Mbyte-
disc which is utilized in the multi-programming
mode. The System is operated by the RSX11 0S. The
processing programs are written in FORTRAN IV.
Processing of the signals was carried out both

in the Time and in the Frequency Domain.

a) Time Domain analysis.
The mean value and the standard deviation have
been computed for the following parameters over
twelve blocks of 4096 points, each corresponding
to a time epoch of 800 ms:
. number of zero-crossings
. number of positive maxima (T)

mean amplitude of the rectified signal- (A)

" the T/A ratio.

b) Frequency Domain analysis.
Each 4096 points block has been subdivided into

four blocks of 1024 points. The Fourijer Trans-
form has been computed by means of an FFT algo-
rithm with decimation in time. A cosine window
has been adopted. The mean value and standard de
viation have been calculated for the following
parameters of the Power Spectrum, over 438

blocks of 1024 points:

. mean frequency

. median frequency

. skewness

. kurtosis .
The mean frequency has been computed following

the recommendation of ISEK 4th Int. Cong. (Bo-
ston, 1979) by means of the formula :

17 £s(f) df
A
fmean !m

0

where S(f) is the Power Spectrum. The median fre-
quency is the frequency at which the Spectrum is
divided into two regions with equal power: it

has been computed according to the formula :

S(f) df
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TABLE I TIME DOMAIN PARAMETERS
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where S(f) is the Power Spectrum

RESULTS and DISCUSSION

A1Tl parameters have been com uted

signals measured at each of ghe 3 zg:tﬁggtggﬁ
1eve]s§ 20%, 30% and 40% of the maximum, Changes
wathe1r Ya1ues from 207 to 307 and from 307 to
ngha;e given as A and A respectively .
s pgtﬁg{om rgfers to myopgéhic subjects where
athgl 9y PN refers to peripheral neuropathic
Table I summarizes the behaviour of Tim i
?arame?ers.ﬂs expected, when the contragt?gﬂa1n

evel is increased from 20% to 30% a larger
Qﬁmber of MUs is recruited in myopathic patients
?ngg Tp neuropathic ones, whereas at a further

1 ease from 30% to 40%,recruitment cannot take
piace in the myopathic muscle while it occurs
1n the neuropathic muscles almost to the same
extent as before.These phenomena are evident
in ?hg behaviour of the zerocrossings and the
positive maxima increments A and A
Less‘1nd1cqtive is the behaviaar of the 2 Hea
anplitude increments and the T/A ratio. .

The large variances of the parameters as well as
the 1arge within-group variances make it
difficult to comment on these results.

The reported values for the A and A
increments are generally withiﬁz 20% of tﬁg
average value of the parameters.This might support
experimental and theoretical findings from other
authqrs (Parker et al., 1977, Larsson ,1975)wh0’
pPOV1ded_ev1dence that the force exerted by the
contracting muscle does not influence the shape
Qf the Power Spectrum,provided that the effort
s kept between 20% and 40% of the maximum.
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INTRODUCTION

Neurogenic pathologies are characterized by
the morphology of the Motor Unit Action Potential
(MUAP) which can be measured in the affected mus-
cle: long duration polyphasic MUAPs are a sign of
acquired peripheral neuropathies whereas giant
MUAPs are dominant in motor neuron diseases and
chronic peripheral neuropathies. It is important
to the clinician to follow the progress of the
neurogenic involvement and to check the success
of the therapeutical treatment in the course of
time especially when the development of the pnatho-
logical conditions may be difficult to predict,
as in hereditary and paraneoplastic polyneuropa-
thies.

A technigue able to assess increase or decrea-
se of the number- of giant as well as of polypha-
sic potentials is therefore of Targe utility. A
study of the influence of the MUAP morphology on
the compound EMG signal (Maranzana et al., 1981)
which makes use of a simulation model, has shown
that Frequency Domain Analysis is effective in
detecting the presence of giant potentials. In
particular the skewness of the Power Spectrum of
the simulated EMG pattern increases with increas-
ea number of giant potentials and decreases with
increased number of polyphasic potentials.

‘This work shows application of the simulated model
.findings to patients with evolutive neurogenic
disease.

BACKGROUND

The model allows simulation of the EMG activity
of the Biceps Brachii during moderate effort of
short duration under isometric voluntary contrac-
tion of the muscle; the Motor Unit (MU) is reco-
.gnized as the functional unit of the neuromuscular
system; the MU activity (De Luca, 1979; Maranzana

Figini et al., 1981) is represented by a Motor Unit

Action Potential Train (MUAPT). The interspike
interval (ISI) is simulated by means of a stocha-
stic variable. The EMG compound signal is obtained
‘as the sum of the MUAPTs. Normal amplitude, long
duration, triphasic MUAPs were adopted to simula-
‘te acquired peripheral neuropathies and motor neu-
ron together with hereditary peripheral neuropa-
thies, respectively. Pathological changes in fir-
ing rate were also taken into account, according
to experimental findings (Petajan, 1974).

The value of the skewness was calculated for the
Power Spectrum of EMG signals simulating measu-
rements from territories of the muscle at diffe-
rent stages of evolutive neurogenic pathologies
(Table I).

Table I ]
Wus pool composition Skewness of the Power
Spectrum N

20N , 0GP, O PNP 5.1 +  .291

18N, 0GP , 1 PNP 5.26 + .278
14N, 0GP , 3 PNP 4.23 + .25]
8N, 0GP , 6 PP 4.45 F .234
2N, 1GP , 7 PNP 4,93 + .370
2N, 3GP, 5PWP 6.77 + .547
ON, bGP, 2 PNP 9.91 + .701]
ON, 7GP , O PNP 11.67 + 710

EXPERIMENT

In order to validate the reliability of the
skewness as an index to follow the evolution of
neurogenic diseases, patients were selected who
were affected by a well known peripheral nerve
pathology: the idiopathic inflammatory polyradi-
culoneuropathy. In this disease it is often pos-
sible to have either a spontaneous remission ar
a good response to therapy . Four pa-
tients were examined two or three times. after a
time interval of 0.7 to 1.2 years. The Riuht
Biceps Brachii of the patients have been studied
by means of Concentric Needle Electrode using a
Medelec MS6. The test was carried out under iso-
metric non fatiguing conditions with the arm
flexed at 90° and the forearm in complete supina-
tion to avoid synergic contraction of the agonist
muscles. The EMG signal was sampled at 5 kHz af-
ter low-pass filtering with a phase equalized
4th order Butterworth filter with 2kHz cut-off
frequency to prevent aliasing phenomena. The Fou-
rier Transform has been computed by means of an
FFT algorithm with decimation in time. A cosine
window has been adopted. The mean value and stan-
dard deviation have been calculated over 48 blocks
of 1024 points for the skewness of the Power
Spectrum.

RESULTS AND DISCUSSION
The results are reported in Table II. For the
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Table II: Values of the Skewness for the Guillaim-Barré patients in the follow-up program

Patient I Examination II Examination IIT Examination
G.A. 3.60 + 0.65 4.23 + 1.74 1.5 +2.76
(age 42) (6.10.80) (10.21.80) (4.30.81)
T.S. 4,78 + 1.16 6.38 + 2.04
(age 17) (5.27.81) (10.29.81)
D.M, 3.59 + 0.75 10.5 + 8.89
(age 43) (6.23.81) (10.729.81)
P.M. ?725.1 + 6.427 2.77 + "1.70 2.62 + 0.92
(age 27) (3.5.81) (10.79.81) (2.25.82)
first three patients the value of the Skewness REFERENCES

incyeased from the first measurement to the fol-
1ow1ng. These findings agree with the model expec
tation since clinically an improvement was asses-
sed showing a decrease of the number of polyphasic
MUAPs. The high standard deviation in the case

of patient D.M, at the Second EMG test might be
attributed to unsteadyness of the Contraction and
requires further investigations.

For Patient P.M. the first EMG test was performed
some weeks after the onset of the desease. For
this reason only the second and third tests should
be considered. Also in these cases the value of
the Skewness agrees with the clinical findings
which show the reaching of a stationary phase. In
conclusion although the number of tests shall be
obviously enlarged, these preliminary results

are encouraging and suggest the convenience of
adding the information provided by frequency do-
main analysis to the other parameters usually
adopted.
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INTRODUCTION

Whatever the purpose might be, pertaining the
many applications of the EMG signal, either in
the field of myoelectric control or in the clas-
sification-of pathological EMG patterns,the pro-
blem of data compression is a fundamental one.

In this work the Concentric Needle EMG signal,both

simulated and measured in well defined pathologi-

cal classes is identified by means of linear pre-
diction techniques, yielding a finite number of
parameters.Identification aims at investigating
whether the parameters relating to a specified
model :

i) allow allocation of the muscle examined to a
pnathological class,

ii) preserve all information necessary to obtain
from the reconstructed EMG signal the Time
and Frequency Domain parameters which are at
present of clinical interest.

METHODS

By sampling the EMG signal a Time Series is ob
tained. The EMG signal sample at instant t is con
sidered as the value taken by a stochastic varia-
ble in a casual experiment. The temporal series
of the EMG samples is therefore considered as the
realization of a stochastic process. By this ap-
proach the EMG signal after sampling and digit-
ation is regarded as the output of a linear filter
whose input is the white noise (Fig. 1).

The problem is then a classical identification pro
blem: a model must be determined which is able to~

L
wma,%) s LINEGR i)
FILTER
Fig.1

describe the behaviour of the system (in this ca-
se the neuromuscular system) starting from expe-
rimentally observed input and output data (in
this case the input is assumed to be the white
noise).
To solve the identification problem it is there-
fore necessary:
i) to select a class of models
i1) to adopt an adequacy criterion for the model.
The criterion selected is based on the one-step
prediction error,
The classes of models selected are both the Auto-
Regressive (AR) and the AutoRegressive-Moving-
Average (ARMA).
The AR(n) model describes the process in the fol-
lowing way:

y(t) = a]y(t—1)+a2y(t-2)+...+any(t-n)+e(t)

with:
3158550053
n model order
e(t) white noise

The ARMA (p,q) nmodel describes the process in the
following way :

AR parameters

(t-p)+e(t)+
c]e(t-1)+... c e(t-q)

AR and WA parameters
model order
e(t) white noise

RESULTS and DISCUSSION

i) Classification of cases into pathological
classes using AR models.

Both simulated and experimental signals were iden- |
tified with AR models of order from 1 to 9 yiel-
ding the following results:
. Simulated signals:

The simulated signals were obtained by means of
the simulation model described in (Maranzana and
Fabbro, 1981). Taking into account the partial au-
tocorrelation function, the variance of the esti-
mation error as well as the stability of the para-
meters, the model which best identifies tne simu-
lated EMG signal is the second order model. In |
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view of a possible pathological classification ?
the AR(2) model was estimated for the

. Experimental signals:

The Right Biceps Brachii of 34 subjects were stu-
died. According to the CNEMG findings each mu-
scle was assigned to one of the following groups:
normal, myopathic, recent neurogenic and chronic
neurogenic. The AR(2) model parameters did not
show any significant among group difference. The
der1vedva11-p01es description of the system,how-
ever,showed possible inadequacy of the adopted
sampling frequency. '

Identifigation was therefore attempted at modifi-
eq sampling frequencies. Interesting discrimina-
tion of simulated myopathic from simulated normal
EMG patterns was obtained,as well as of simylated
heurogenic from simulated normal patterns when
the sampling frequency was 2.5 kHz.

i1) Reconstruction of the EMG signals

Diagnostic checking on the estimation error for
the AR(2) model proved it not to be white. Fur-
ther investigations were therefore carried out on
the simulated signals using both AR and ARMA mo-
dels(Akaike, 1974; Bittanti et al. 1982). In par-
ticular AR models of order from 1 to 9 and ARMA
models of order from (1,1) to (3,3) were identi-
fied (Amstrom, 1979). After diagnostic checking
of the prediction error (Anderson and Portmanteau
tests), the optimal model was selected on the ba-
sis qf the prediction error variance, the Final
Prediction Error (FPE), the Akaike Information
Criterion (AIC) and the minimum Tength criterion
(Rissanen). From the parameters of the optimal mo-
del and newly generated white noise reconstruc-

tion of the signal was obtained (Fig. 2). Time
Domain parameters such as number of turns (T),
number of zero-crossings, mean amplitude (A),the
T/A ratio; and Frequency Domain parameters such
as mean and median frequency, skewness and kur-
tosis of the Power Spectrum were computed both for
the original signal and from the reconstructed
one. Comparison showed a qenerally good agreement
as for the Frequency Domain parameters. This was
confirmed by comparison of the maximum entropy
spectrum computed from the identified parameters
to the power spectrum computed by means of the
FFT algorithm. Results obtained for the Time Do-
main parameters were less satisfactory.
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COMPUTER SIMULATION OF SKI JUMP (ABST)
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A biomechanical approach of sport activities
as been made, in recent time, by many
authors. In particular the ski jump has
been investigated by different techniques.

An agreement between the Centro di Bioingeg-
neria and the Italian Federation of Winter
Sports (F.I.8.1.) has been performed
in order to obtain results able to evaluate
the performance of the athlete related
with the kinematic and dynamic variables,
the aquipment adopted and the take-off
events.

An useful mathematical model, implemented
on a PDP 34/II1 computer, describing the
ski jumper has been developed.

The model consists of two main parts:

- the first analyzes the inrunning phase;

— the second analyzes the airborne and lan-
ding phases.

The first part allows to compute the
velocity of the athlete during the inrunning
and in particular at its end, so that
at the first beginning of +the flight.

. The velocity is computed when the geometrical

parameter of the outline, and the kinematic

and dynamic parameters of the athlete
. are assigned.

‘The velocity at the beginning of the
 flight is not the actual of the athlete,
as the program neglects the variations

induced with the take-off.

The second part allows to predict the
trajectory, the instantaneous velocity
and the length of the jump. These results
are obtained when the initial velocity,
the dynamical parameter of +the athlete
and the geometrical parameters of  the

outline landing are assigned.

The initial velocity of the airborne

phase has been obtained with the vectorial
sum of the computed velocity at the end
of inrunning and the measured velocity
produced during the take-off.

The velocity of the take-off has been
measured with a force plate where the
athletes performed many take-off utilizing
an useful equipment, able to provide
sperimental condition similar to the real one.

These results have been compared to those
obtained by other authors through cinema-
tographic measuremenls. The validity
of the model is confirmed by the agreement
between the experimental and computed
results. Therefore the model seems to
be useful to evaluate the influence of
different parameters on the final performance.

ANTICTPATORY EMG ACTIVITIES RELATED TO A VOLUNTARY MOVEMENT

S. BOUISSET and M. ZATTARA, Laboratoire de Physiologie du Mouvement

Université de Paris-Sud, F-91405 ORSAY - Cedex, France

The existence of postural activity prior to
and during a movement was established in Man by
BELENKTI et al. (1967). However, neither a com-
plete description of the BEMG anticipatory se-
quence nor a satisfactory interpretation of the
hiomechanical organization were given. [t is
the ajm of the present research program to an-
swer these questions. The first results have
already been published (ZATTARA et BOUTSSET, 1980;
BOPIISSIE’F et ZATTARA, 1981).

Movements of antepulsion-{lexion of the up-
per limbs have heen investigated according to
thr{ee conditions: mnilateral [lexions with na
additional inertia (OUF), with an additional
inertia (IUF) and bilateral flexions(BF). The
dynamic asymmetry 8f the movEments increased
from BF to OUF and to IUF.

EXPERIMENT

Subject stood on a force platform which
made it possible to measure the acceleration of
the body's center of gravity, according to the
antero-posterior, lateral and vertical axes
(BRENIERE et al., 1981) . Accelerometers fixed on
splints were bound to the wrist of the moving
upper limb and to various body segments. This
made it possible to measure the tangential accel-
eration of the amm ['.-\l\']] and to determine the on-
set and the sign of the anticipatory antero-post-
érior local accelerations. The activity of the
Anterior Deltoideus (AD) and of the main muscles
of the lower limbs, pelvis, trunk and scapular
girdle, on the ipsi-(i) and contra=(c) lateral
sides, were recorded by surface electromyography
(I-‘M(‘.): The instruction given to the subject was
to point as quickly as possible,with his upper
Limb stretched o, at a light located in front of
him at shoulder level. The lighting up of the
target was the signal that the instructions sipuld
be carried out. Fifteen healthy adult subjects
were tested during experimental sessions of 40-
70 movements carried out in series of 3-§ noves-
ments of each type. During each trial,IMG acti-
vity of the AD; and/or AW; were recorded. The
other muscles and accelerdations were recorded hy
rotation in order to make all the velevant com-
parisons pessible. The onset of the activity of
AD; and the onset of AN; were used respectively

3

as time origins for the EMG and biomechanical
activitics.

RESULTS

Belore the activation of the AD., a sequerce

ol inhibitions (=) and excitations (+)] concerned
muscles of lower limbs, pelvis and trunk. These
anticipatory IMG activities were organized accor-
ding to a pattern reproductible for one subject
and consistent [rom one subject to another.(see
Fig. 1 and 2) . Moreover, this pattern was speci-
I'ic to the forthcoming voluntary movement: 1) for
the UF, the chronology of anticipatory IMG acti-
vity was Soleus; (=), Tensor lacia Latiue.(+)/
Rcc?us l-'cnlm‘i:s‘_.{%] » Semitend inosusi (+)/Gluteus
Maximusj(+), Lrectores Spinae (+); 2) for the
BI, anticipatory IMG only concerned the pairs
qf‘ Soleus, Semitendinosus, Gluteus Maximus and
irectores Spinae; 3) for both types of movement
the anteposition of the ING activities of the
lm\rf.:r Limhs and pelvis increased with the dy-
hame asymmetry of the forthcoming movement .

. The onset ol A} was also preceded by an=
ticipatory acceleration at the general level
as well as at the local one. The shape of these
anticipatory accelerations was reproductible for
one subject and consistent Trom one subject to
another.  The body's center of gravity was al-
wiys subjected to a forward and upward antici-
patory acceleration. The duration of this gene-
ral anticipatory acceleration increased with the
asymmetry of the forthcoming movement. The lo-
cal anticipatory accelerations were organized
according to a pattern specific to the forth-
Coming movement: 1) for the U, the local anti-
Clpatory accelerations ol the ipsilateral side
were diflferent [rom the contralateral ones; 2)
for BF,identity was the rule; 3) the .'.nt'r:pé,n:i.F
tion of these local anticipatory accelerations
increased with the asymnetry of the forthcoming
movement.  So the anticipatory local accelera-
tions rtxtgtm']n showed the same modificat ions vith
respect to the type of the fi oming e

as the :-mtici.p;itgry MG ;-lcctli(irritrhiteosm]p!:f’ttug?:r"}:c.ment

DISCUSSTON

The present results establish that volun-
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tary clevdtion of the upper limb is preceded by
movements of the body's center of gravity and
that these gencral movements arve related to
postural anticipatory movements of the lower
limbs, pelvis, trunk and shoulders which arc
due to anticipatory muscular activities. More-
over they show that these postural adjustments
are specific to the forthcoming movement.

The study of both anticipatory EMG acti-
vities and local accelerations makes it pos-
sible to partly determine the anticipatory
postural movements: an extension of the spinc
occurs with, for the BF, an extension of knees
and hips, and, for the UF, a rotation of the
trunk about the vertical axis (from the ipsi-
lateral to the contralateral side), due to a
flexion of the ipsilateral knee and hip and an
extension of the contralateral knee and hip.

The analysis of the system of forces cor-
responding to the subject at the onset of the
upper limb movement makes it possible to con-
sider that anticipatory postural adjustments
would create in the rest of the body a move-
ment whose forces of inertia would balance,
when time comes, the forces of inertia due to
the voluntary movement, which are disturbing
for the postural equilibrium.

The reproductibility of the IMG and accel-
erometric activities for one subject and from
one subject to another and their specificity
to the forthcoming movement makes it possible
to consider that voluntary movement and pos-
tural adjustments are part ol a same motor pro-
gram. Moreover, the anticipatory postural
adjustments may be considered as preprogrammed,
a result which is in accordance with BELENKII
et al. (1967) and with WEISS and HAYES (1979
ond personnl communicution). also.
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Fig. 1 [EMG activities of the main musc

of the trunk and the sgapﬁl;_rhf?ﬁle
for unilateral fle;éﬁﬁg:h¥¥ﬁ%ﬁﬁﬁTETBnal
;gg;tla (IUF) _an#Tor-bilateral flexims

rc represents, for one subject,
‘tified and smoothed IMG activi-

& of five trials, superposed by syn-
ronising the records on the onset of
the Anterior Deltoideus (DA;). From
botFom to top: [Lrectores Sﬁinae (Lsy,
Latissimus Dorsi(lD), Obliqus lixternus
(01, Rectus Abdominis (RA), Serratus
Anterior (SA), lrapezoidus Superior(1'S)
Pectoralis Major, sternal portion, (PMS).
1 and ¢, @ ipsilateral and contralateral
Tgs§1es with respect to the moving upper
imb.
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Fig. 2 INMG activities of the main muscles of
the lTower limbs and pelvis for uni-
lateral [lexions with additional iner-
tia (IUF) and bilateral flexions(BF).

As for [ligure 1, the [igure represents,
for one subject, the rectified and
smoothed IMG activities of {ive trials,
superposed by synchronising the records
on the onset of the Anterior leltoideus
KDAi)-_From bottom to top: Soleus (SOL),
I!hlalls Anterior (TA), Vastus latecra-
]}s (VL.), Rectus lemoris (RE), Semiten-
dinosus (ST), Tensor Facia Latae {(TFL),
Gluteus Maximus (GM). .
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THE RELATIONSHIP OF APPLIED EXTERNAL MOMENTS AND MYOELECTRIC ACTIVITY ABOUT THE KNEE.

TP Andriacchi1, G.B.J. Anderssonz, R. O'rtengrenB‘r and R.2Mikosz1. 1Dept. Orthop. Surg.,

§ush—Presb. - St. Luke's Med. Center, Chicago,

I11., USA; "Dept. Orthop. Surg. I and

Dept. Clin. Neurophysiol., Sahlgren Hospital, Goteborg, Sweden.

INTRODUCTION

The knee joint depends on muscles to
provide stability as well as movement.
As such, the muscles contribute a major
portion of the forces acting at the
knee. The muscles control motion through
a combination of agonist and antagonis-
tic activity and stabilize the joint by
producing moments to maintain equili-
brium. An understanding of the factors
that influence the level of muscle con-
traction, muscle synergy, and the pre-
sence of antagonistic activity about the
knee is an important component in the
analysis of internal mechanics of the
joint. The purpose of the present study
was to investigate the relationship
between external moments acting at the
knee, knee flexion angle, and myoelec-
tric activity of twelve muscles sur-
rounding the knee joint.

MATERIALS AND METHODS

The twelve muscles included were the bi-
ceps femoris, semi-tendinosus, semi-
membranosus, gastrocnemius, sartorius,
tensor fascia latae, gracilis, vastus
lateralis, vastus intermedius, vastus
medialis, and rectus femoris. Fine wire
electrodes, .05 mm in diameter, were in-
serted into each muscle. The electrodes
were connected to preamplifiers near the
electrode location. The signals were
further amplified in main amplifiers and
recorded on magnetic tape together with a
kneegoniometer signal. For evaluation
the recorded signals were played back
and fed to multichannel r.m.s. detec-
tors, and further to the analog-to-digi-
tal converter of a computer. The r.m.s.
detectors included low-pass filters with
a 3 dB frequency limit of 0.8 Hz. The
conversion rate was 6 Hz. The mean
r.m.s. value was calculated over a 15
second period for which the load was
held constant. Loads were applied at the
knee joint in directions tending to pro-

duce flexion, extension, and combined
loads of flexion-adduction, flexion-
abduction, and extension-adduction, and
extension-abduction. The tests were
performed at 10, 20 and 40~ of knee
flexion.

RESULTS

The moments tending to flex the knee
produced significant activity in 8 of
the 12 muscles (VI, VM, VL, RF, TL, GR,
GM, and GL) at all three angles of knee
flexion. The maximum extensor muscle
activity was found when the knee was at
107 of flexion. The muscle activity de-
creased by nearly 50% for the same ex-
ternal moment when the knee angle was
changed from 10 to 40 (Figure 1).
Three of the quadriceps muscles (VI, VM,
and VL) had a linear increase in muscle
activity with increase in applied mo-
ments, while near full extension the
vastus medialis and lateralis muscles
had a cubic trend indicating a satu-
ration of muscle activity at the highest
load levels. When muscle activity was
near maximum, there was not always a
linear relationship between changes in
myoelectric activity and in joint mo-
ment.

There was also significant activity in
muscles not normally considered to be
extensors of the knee when moments ten-
ding to flex the joint were applied.
The tensor fascia latae, sartorius, and
gracilis were all active. Their actions
may be present to stabilize the knee by
producing loads balancing some of the
action of the guadriceps mechanism,

As expected, the flexor muscle groups
primarily responded to the external
loads tending to extend the joint. In
general, the knee flexors appear more
efficient at 10~ of flexion than at
higher flexion angles. The hamstring
muscles showed a significant increase in

T Andriacchi et al Relationship of Applied External .Moments and Myoelectric Activity

mugcle acgivity as the knee flexed from
10" to 40~ of flexion.

DISCUSSION

The results of this study tend to indi-
cate that the level of muscle activity -
cannot be predicted from external mo-
ments acting about the joint in a simp=-
le manner. Some of the explanations for
this phenomena can be described in pu-
rely mechanical terms. First, the patel-
lar mechanism changes the moment arm of
the quadriceps mechanism with changes
in the knee flexion angle. Secondly,
the contact point between the femur and
the tibia can be moved posteriorly with
increasing knee flexion, increasing the
mechanical advantage of the extensor
mechanism and reducing the mechanical
advantage of the flexor mechanism with
increasing flexion angle. Thus, there
is not necessarily a linear change bet-
ween the extrinsic moments and muscle
activity. This non-linear response
seems to be influenced to some extent
by a combination of the presence of an-
tagonistic muscle activity as well as
changes in the moment arms of the indi-
vidual muscles.

31
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SKELETAL MUSCLE FORCE, PRESSURE AND MYOELECTRIC SIGNAL
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INTRODUCT I ON

Biomechanical models of joint systems have
proven to be important tools for research and
practical ergonomic applications (Andersson et al,
1977). One important part in the construction of
a biomechanical model is the measurement of mo=
ments created by different muscles around a joint.
The muscle force is often estimated from the RMS
value of the EMG signal (Kadefors, 1978), although
the RMS value is considered to be unreliable for
this purpose under fatigue.

In situations where the RMS value is unreliable
in the estimation of muscle force it is of inter-
est to use another measurable parameter related
to the muscle force. One such parameter is the
intramuscular pressure. It is well known that this
pressure relates to muscle contraction (Mubarak et
al, 1976). Unlike the EMG signal the pressure is
a mechanical parameter resulting from mechanical
events taking place in the muscle during contrac-
tion. It is therefore reasonable to believe that
the pressure in some way relates to the mechanical
force generated during contraction even |f several
other factors may contribute to the build-up of
the pressure,

MATERIAL AND METHODS

The data were obtained from experiments with
twenty-six healthy male subjects aged twenty to
fourty-five years who volunteered for the investi-
gation. A pressure catheter was introduced into
the biceps brachii muscle under local anesthesia.
In seven subjects wick-catheters were used (Muba~
rak et al, 1976) but in the remaining nineteen
subjects infusion type catheters were used

The pressure catheters were con-
nected to a Bentley Trantec Electronic pressure
transducer and the signal amplified and recorded.

The EMG signals were picked up from the three
elbow flexors (biceps, brachialis and brachio-
radialis) by monopolar wire electrodes. The EMG
signals were amplified with a bandwidth of 30 to

+ 1000 Hz and the RMS value with a 100 ms filter

time constant as well as the raw EMG recorded.

The subjects were told to perform isometric
elbow flexions with the hand in full supination
and the elbow in ninety degrees of flexion. The
arms of the subjects were fixed in a spcial set-up

in order to enhance reproducibility in the load-
ings. The load generated at the wrist was measu-
red by a force transducer and fed back to the
subject using a CRO. The force, pressure and the
RMS values of the EMG signals were displayed on
a chart recorder.

The subjects were told to generate different
load levels and to maintain each load for five
seconds. In twenty-one experiments the loads were
between one and ten kg with one kg increments
but in five experiments the loads were between
one and forty kg, the maximum load being depen-
dent upon the maximum contraction capacity of
the subject.

RESULTS

In all experiments there was a very close
correlation between the loading of the supinated
virist and the intramuscular pressure in the
biceps. The relation is very nearly linear and
a typical result is illustrated in Figure 1. The
absolute value of the function was different
between individuals but could also vary in the
same Individual because of changes in the mode of
lifting and in the depths of the measuring cathe-
ters in the muscles. In eight experiments the
pressure gradient in the muscles was studied.

The decrease in pressure between centre and peri-
phery of the muscle was 80 to 90 per cent. There
was no apparent effect of muscle fatigue on the
pressure. The linear correlation coefficient
between wrist load and biceps pressure in 92
series of loadings averaged 0.963 (SD = 0.051).

The well-known relation between wrist load in
supination and the RMS value of the biceps EMG
signal was demonstrated also in these experi-
ments. Figure 2 shows this relation from the same
experiment as in Figure 1. Also, the linear
correlation coefficient between load and EMG was
high averaging 0.968 (SD = 0.027) in 70 series
of loadings. As both the pressure and the RMS
value were linearly related to Joad consequently
also the relation between pressure and EMG value
was very linear with an average correlation
coefficient of 0.962 (SD = 0.038) in 79 series
of loadings. However, in cases where the press-
ure and the EMG were poorly related to the load
because of different modes of lifting at diffe-
rent load levels the relation between EMG and
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pressure was still very linear. Figure'B shows
the relationship between wrist load, hiceps
pressure and biceps EMG during a sequence of
dynamic isometric loading. The correlation bet=
ween the three parameters is very g?od, Fhe )
average correlation coefficient during five minu-
tes of loading amounting to for load/pressure
0.971 (SD = 0,02) and 0.916 (SD = 0.04) for
load/EMG. Thus, it seems as if both the RMS value
of the EMG signal and the pressure are directly
related to the mechanical function of muscle.

DISCUSSION

The results of the present study show that
both the intramuscular pressure and the RMS value
of the biceps EMG signal are linearly correlated
to the external load on the supinated wrist. In
fact, in cases where the subject was unable to
perform isometric contractions with great repro-
ducibility the EMG signal and the pressure corre-
lated better than either of them did to the load.
Therefore, there is no doubt that both parameters
are reflecting the muscle mechanical function.
The RMS value of the EMG signal is known to be
related to the force of a muscle contraction.
However, the relation has defined limits under
muscular fatigue and other conditions. The press-
ure, being a mechanical parameter may be more
closely related to the force than the EMG signal.
The pressure is also affected by several factors
which 1imits its use for the estimation of muscle
force. Therefore the pressure can only be used
as an estimator of muscle force in situations
which permit reproducible isometric conditions.

To conclude, the intramuscular pressure can be
used to approximate the muscular force in bio-
mechanic studies with the same precision as the
RMS value of .the EMG signal under constant, repro-
ducible, isometric conditions. When fatigue
affects the reliability of the RMS value the
intramuscular pressure is probably more accurate
for the estimation of force than the EMG signal.
There is however no evidence that there exists
a constant relationship between muscular force
and intramuscular pressure.
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The H/M ratio 1is an objective measure
of motoneuronal excitability and de Vries
et al (1981) showed that +the maximal
H/M ratio of +the calf muscles decreased
by a moderate type of exercise on a bicycle
ergometer. Since the calf muscles are
much  more stressed while running them
while bicycling, the purpose of this
study was to evaluate the changes in
the maximal H/M ratio of the soleus and
gastrocnemius muscles following an exercise
of the same intensity and duration on
a bicycle ergometer and on a treadmill.
Ten male subjects, from 19 to 23 years
of age, participated in the study. Exercise
intensity was adjusted in order to require
a heart rate of 120 beats per minute
on both ergometers and was maintained
for a period of 20 minutes. Oxygen conéumption

. was also measured during the 10th and

the 20th minute. The maximal soleus and
gastronemius H/M ratio was evaluated
before and 10 minutes after the exercise
bouts. A three-way analysis of variance
with repeated measures on two factors
(ergometer, time) was performed in order
to test the statistical differences of
the distributions.
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RELATIONSHIP BETWEEN KINEMATIC MUSCLE FORCES AND EMG (ABST)
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The relationship between the isometric
muscle . forces and the integrated EMG
is reported by many researchers to be

a linear one. Some, ‘ however, indicate
that +this might not be true for very
high contractions. Few findings have

been reported for the relationship between
the EMG and the dynamically changing
muscle forces. This paper presents early
results of a study about the relationship
between the EMG and dynamic muscle forces
for the elbow flexion. The relationship
is based on a model of the EMG in this

study. Additional parameters from the
measured EMG, the kinematic information
of the ©prevailing muscle lengths, and

the subject™ s specific physiological
data are incorporated in the model. Elbow
flexion 1in a neutral poisition was chosen
for +this study as only a few muscles
are involved. The evaluation for the
additional parameters of the model was

. based on data from experiments with ten

subjects. Each subject was asked to flex
the arm quickly with different external
loads attached to the wrist. The recordings
of the EMG, the external 1load and the

_ kinematics were synchronized., The validity

of the model for the measured conditions
and the application of the model to other
muscle groups are reported in this paper.

J.A.RINGELBERG, Department of Anatomy and Embryology, University of Groningen, The Netherlands.

INTRODUCTION
In a preliminary study to investigations concer-
ning the relative contribution of some shoulder
muscles to the abduction we first tried to ans-—
wer the following questions:

I. What is the variation of the EMG measurements?

(Pancherz and Winnberg, 1981)

2. In what plane should the abduction be perfor-
med? Inman et al. (1944) did their investigations
on abduction in the frontal plane. Johnston (1937)
found the scapular plane to be the more physiolo-
gical one. Freedman and Munro (1966) investigated
abduction in the scapular plane in 6] personms.
They stated that the scapula, humerus and attach-
ments of humeroscapular muscles all lie in a
single plane. Poppen and Walker (1978) reported
about EMG investigations concerning abduction in
the scapular plane.
In our study surface EMG was recorded in diffe-
rent isometric positions of abduction, in the
frontal as well as in the scapular plane from the
deltoid, the pectoralis major and the infraspina-
tus muscles in order to get a clearer idea about
variation and the influence of the plane in which
the abduction is performed.

I. MATERTALS AND METHODS

Surface EMG recordings were obtained from four
healthy men who were subjected to the protocol

on three different days (see TABLE 1-3 for muszles
positions and technical data). Electrode placement
was standardized. For the plane of the scapula a
plane was taken with a 300ang1e to the frontal
plane. In the externally loaded situation | kg was
added at the wrist. MG was recorded during five
Seconds for each position. The EMG signals werce
filtered, amplified and stored on a Bell and
Howell taperecorder. Later on raw EMG signals were
analysed by using a PDP-11 computer. The rectified
EMG was integrated over a one second period.
Thereafter thé absolute EMG values were related to
the maximal EMG (=100%) found for each muscle du—
ring MVC in one session.

"

TABLE 1 Muscles and standardized electrode place-

ment.
Muscles - Electrode placement
Deltoid anterior part at 90°abduction: along
line a.c.junction-medial
epicondyle
middle part 0%:along line mid-acro- '

mion-lateral epicondyle
posterior part at 90%abduction: along i
line pasterior part
acromion-lateral epicon-
dyle
Infraspinatus below a.c.joint and me-
dial from axilla

Pactoralis major clavi-
cular part p below midclavicular

TABLE 2 Positions during one session, including
external loading at the wrist.

Abduction Angle 30° 45° 60° 75° 90°
Frontal plane XX XX XX XX XX
Scapular plane XX XX XX XX XX
Frontal plane + 1 kg XX XX XX XX XX
Scapular plane + 1 kg xx XX XX XX XX
3x MVC frontal plane = = = - XXX
3x MVC scapular plane = = - - XXX
TABLE 3 Technical data
~Beckman surface electrodes, 11 mm diameter.
recording surface 2 mm.
-interelectrode distance 11 mm.

~amplifier~-bandwidth 30 lz—-10 kHz
—input impedance 100 M

~CMRR h kllz=90 dB
~taperecorder— 5 kliz = |5 inch/sec
~sampling rate A/D conversion 5 kHz

II. RESULTS

In figure 1-4 the mean EMG values (n=4) with S.D.
are presented as a percentage of the EMG found
during MVC.

TFor all muscles (except pectoralis) a linear
relation was found between EMG and angle of ab-
duction (r=0.94-1.00). The pectoralis major sho-
wed no activity in frontal plane abductionjthere
was little activity in the scapular plane by
amplifying the signal 5000 x. The signal/noise
ratio was insufficient to quantify this EMG. The
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MVC was 9.99 kg (mean) * 2.13 kg (S.D.), regis-
tration at the wrist.

Standard Error of Mean was between 5 and 15%.

DISCUSSION

1. 8.E.M, - 5-157 - is acceptable for measure-
ments under these conditions.

2. From figures 1-4 it may be concluded that the
EMG activity of the three parts of the deltoid
muscle is lowest in scapular plane abduction,
except for the anterior part between 30%nd 60°.
The infraspinatus shows more activity in the
scapular plane. In our opinion the optimal situ-
ation will be found for abduction in the scapu-
lar plane, because the most important agonist,
the deltoid muscle is least active. The supra-
spinatus muscle was not investigated. Judging
from its anatomical position, it will have a
more comfortable situation in scapular plane
abduction because of its origin in the supraspi-
natus fossa.
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ANALYSIS OF FORCE TRACKING AND EMG INDICATING SENSORIMOTOR PERFORMANCE

Glinter Rau, Harald Reucher, Helmholtz-Institute for Biomedical Engineering,

Aachen, West Germany

INTRODUCTION

Tracking performance has been in-
vestigated extensively either to detect
and describe human operator performance
in terms of control theory or to analyse
properties and disturbances of the neuro-
muscular system for medical diagnosis.
Many experiments have been described in
which movements of limbs were involved.
The interpretation of these results is
very difficult since (1) different types
of sensor information (position, velocity,
acceleration, force, pressure, kinesthesis
and visual input) is processed by the
human operator, and (2) the force trans-
mission via the muscle groups involved
causes a resulting movement which is diffi-
cult to be interpreted.

A strong restriction is to prevent move-
ments and design a force tracking task in
isometric conditions. In this situation
EMG activities of the muscle involved may
give a deeper insight in neuromuscular
control than the mechanical output since
this source of information is one step
closer to the CNS and the muscles. The
present study was performed to find a
well-defined biomechanical situation for
isometric force tracking where the EMG

of the most important muscle groups can
be recorded by means of surface electrodes.
Different force tracking tasks are de-
signed including a critical tracking task

/1/.
EXPERIMENT

The tracking force as the output
signal of the human operator was the
flexion/extension torque of the hand
wrist which was exerted in a set-up in-
dicated by Fig. 1. By a force transducer
a voltage proportional to the torque was
produced. In the target tracking task the
feedback element had a proportional
characteristic. The task of the human
operator was to make the horizontal cur-
sor line on an electronic display follow a
target line the position of which changed
acgording to a selected function of time.

The control loop is closed by the visual
feedback path.

Fig. 1: Target Tracking Task: Experi-
mental Set-Up

In the critical tracking task the dyna-
nmic characteristic of the feedback ele-
ment was different: there was an inte-
grating effect combined with a constant-
ly increasing gain. The constant set
noint given by the target was the zero
torque level. The advantage of the cri-
tical tracking task is to detecl the in-
dividual performance limit of any subject
by increasing the difficulty of the task.

A review of tracking tasks and a compar-
able set-up was described by Stein and

Pioch /2/ for an isometric control ele-
ment. The nosition of the target and the

cursor as well as the force have beep re—
corded. In addition, the EMG activities
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are picked up and processed (rectified
and averaged) . Typical records of target
tracking and critical tracking experi-
Mments are shown in Fig. 2 a, b.

o 25 5 I

Fig. 2a: Example for Target Tracking:
triangular wave form of target

position
Start FORCE CURSOR ﬁﬁﬂ
A-04
t-0 = 4 E: =

Ao /—\5(4\ /}é’“‘;\ /‘?<ﬁ \'\h 5

lL/L’/‘ S N i S N, ~ Mot
Flexion )
Extensor AVERAGED EMG

v

Fig. 2b: Critical Tracking: Force and
Averaged EMG

DATA ANALYSIS

a) Target tracking task: In the exam-
pvle of Fig. 2 a, a triangular function
of low frequency (0.1 Hz) has been follow-
ed. Since the averaged EMG is in good
approximation proportional to force one
“an see an alternating contraction of
agonist and antagonist. In addition,
there are components of higher frequency
which are also to be seen in the force

excertion when amplified selectively;
this higher frequency components increas-
ed at higher levels of force. The basic
activity indicates a level of cocontrac-
tion in both muscle groups. At these

low frequencies a prediction by the hu-

man operator seems to play an inferior
role.

b) Critical tracking task: A typical
example for a critical tracking task ex-
periment is shown in Fig. 2 b. In the
upper trace the deviation of the cursor
is continously increasing in time for a
given value of force, i.e. very small
changes in force caused a much larger de-
viation of the cursor towards the end of
the experiment compared to the initial
section. In the course of time the human
operator seemed to change the strategy
(}ndicated by frame); this section is
displayed in detail and demonstrates the
coordination in time of the two muscle
groups. Both possibilities of force gra-
dation have been used inveluntarily in
combination: decrease of agonist and in-
crease of antagonist activities which ecan
be seen in details of the EMG's. This
type of coordination could not be ob-
served in the initial phase.

RESULTS

Tracking tasks and especially the
gritical tracking task have been c:sianed
in order to study neuromuscular 1 rfor-
mance. The value A at the end of thie cri-
tical tracking task was reproducilble for
each subject which can be comparced, e.qg,
to results of /2/. The fine structure of
the averaged EMG gives insight into the
coordination of agonist and antagonist
which cannot be obtained by analysis of
the mechanical output. For clincial tests
of.neuromuscular disturbances appropriate
Criteria will have to be developéd to de-
tect and quantify the degree of the disg-

order,
REFERENCES

1. Jex, H.R., Mc Donnell, J.D.,
Phatak, A.V., A critical tracking task

for manual control research, IEEE, Vol.

HFE - 7, 4, 1966

2. Stein, W., Pioch, E., Zur Anwendung
von Regelaufgaben bei ergonomischen
Untersuchungen, FAT Report Nr. 23,
1975, Institut fiir Anthropotechnik,
Werthoven, West Germany

ZDRAV VESTN 51 /1982/ - Sth CONGR I.S.E.K. LJUBLJANA 82

41

CONCENTRIC AND ECCENTRIC CONTRACTIONS OF HIP AND TRUNK MUSCLES

WHILE SEATING ONESELF AND RISING.

Ane Friis Christiansen, Ulla Kardorf and Finn Bojsen-Mgller

Anatomy Department C, University of Copenhagen, Denmark.

Electromyograms show periods of activity.

Combined with a photographic registra-.
tion of movements of body segments and
joints the signals can be divided into
periods of concentric and eccentric con-
tractions. Prerequisite for this is that
a link is established which synchronizes
the time axis on the two sets of regi-
stration.

While rising and seating oneself the
movements of the spine are initiated and
regulated by short and long trunk
muscles. For the hip joint it is mainly
its extensors which are important. The
purpose of this work was to locate the
periods of concentric and eccentric con-
tractions in four muscles selected for
their importance for the described
movements.

Methods

For electromyography the rectus femoris,
the gluteus maximus, the rectus abdomi-

"nis and the erector spinae muscles were

selected. Their activity was registered
by surface electrodes, and the signals
were recorded rectified and averaged.
The movements, seating oneself and
rising from a chair, were registered
photographically with strobelight and
lighttracks. The strobelight was flashed
with 5 Hz and showed thus the position
of the body at each 200 msecs. The
lighttracks were formed by diodes placed
on the shoulder, on the anterior and
posterior superior il‘ac spines, on the
trochanter major and at the knee. The
diodes were fed by a 50 Hz signal from
which, however, one impulse was omitted
each second (fig. la). The 50 Hz signal
was registered on the oscillograph to-
gether with the EMG siynals (fig. 1lb).
The missing impulse was used for two
purposes: 1l). to number correctly (in
msecs) the individual light-dark periods
of the four lighttracks thus establi-
shing a chronographic correspondence be-
tween the tracks, and 2) to link these

with the electromyograms.

Results

The photographic registration of the
movement: seating oneself, is shown in
fig. la with the corresponding EMG (1lb)
and analysis (lc) added. In the photo-
graph each light-dark period lasts

20 msecs. The missing signal is in this
case found after six periods, i.c. at

140 msecs from the beginning of the move-
ment (small arrows). Seat contact is
established at 760 msecs (large arrows) .

With the diodes placed on the knee,
hip and shoulder the hip flexion and the
forward inclination of the trunk could
be measured at each 20 msecs (lc). The
two diodes on the os ilium showed the
inclination of the pelvis while altera-
tions in the lumbar lordosis appeared as
the difference between this and the
trunk inclination.

In the beginning of the movement the
center of gravity must be kept within
the area of support. The movement is
therefore initiated by pulling the pelvis
backward and the shoulder and knee
slightly forward. Hip flexion and trunk
inclination reach their maximum at the
time of seat contact, while a 15-20°
flattening of the lordosis is kept as
part of the sitting position (lc).

As part of the quadriceps the rectus
femoris (r.f.) shows two maxima: at the
deceleration of the downward movement
and when the body moves backward to ap-
proach the seat.

The gluteus maximus (g.m.) contracts
eccentrically and isometrically during
the downward movement. Its peak activity
is registered immediately after touch-
down where the muscle with a concentric
contraction erects the trunk.

The rectus abdominis (r.a.) initiates
the forward inclination of the trunk,
supports the flattening of the lordosis
and the abdominal wall and ends with an
eccentric contration.
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- ggieiiiizor Spinae (e.s.) adjusts by
the fl ° and isometric contraction
attening of the lordosis.

_In the action of rising oneself
(£ig. 2) the center of gravity is brought
forward over the feet. The hip continues
to flex after the seat has been lifted.
A peak activity in the gluteus maximus
starts its concentric contraction an
the rising of the trunk. .

Fig. 1la Fig. 1b
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BEIIAVIOUR OF POSTURE MACHANISMS AT LOADING TiHE SPINE OF SCHOLL-CHILDREN

Franjo Gralanin, Robert Blumauer, Vesna Zelji¢ and Gabrijela Vrabic

INTRODUCTION

During his first school - year the
child carries a satchel with school
accessories weighing up to 5.5 kg. The-
re exist contrary opinions concerning
perniciousness of loading the child in
this way and the influence there of
upon the development of a bad posture
and deformations in the locomotor sys-=
tem. Therefore, we undertook to analyse
the influence of loading the child upon
the activity of single muscles of the
trunk and those of the lower extremi-
ties, and also the influence of shif-
ting the center of gravity occurring at
carrying the satchel on the back, in
the right or in the left hand. An expe-
riment was performed also in the absen-—
ce of loading. These influences may
play an important part in the mechanisns
of maintaining an upright posture or
maintaining single seguents of the lo-
comotor apparntus in physiological rela-
tionships. On the basis of the data ob-
tained we shall try to clear up this
dilemma experienced by parents and all
those concerned with a normal develop-
ment of the child.

EXPERIMENTAL CONDITIONS

On the occasion of standard medi-
cal examinations at the childrens® cli-
nical hospital there were chosen seven
children (4 boys, 3 girls) seven to ni-
ne yecars old, with whom no clinical
symptoms of had posture, spine deformi-
ties or changes in the structures of
the locomotor system had been noticed.
In the course of the experiment we
recorded wuscle activity (electromyogra-
phic activity - EMG) and the shift of
the center of gravity while resting

without loading, with the satchel on
the back after a twenty minutes’ walk
with the satchel, and the satchel in
the right and the left hand respecti-
vely. The EMG activity was_detected

via surfacc disk electroudes in the
paravertebral musecles of the thoracic
and lumbar region, oblique abdominal
muscler, flexors aml extensors of the
knee. Recording by a Van Gogh polygraph
(amplification 175 uV/cm; filter 335,
time constant 0,01). The shift of the
center of gravity was analysed by a
statokinesiometric method (Gracanin F.
et al., 1977). The obtained EMG records
are assessed as: 0 - no activity,

0.5 (1) - poor EMG activity; 1 (+) -
moderate EMG activity, and 2 (++) very
strong EMG activity. With respect to
the shifts of the center of gravity we
assessed the changes in the medium ra-
dius of movement and direction in which
the center of gravity is shifted (there
exist data on the shifts of the center
of gravity on X and Y axis, and the
maximal movement radius).

RESULTS

During the experiment with and
without loading a minimal EMG activity
was recorded with five children, whe-
reas it was slightly more expressed
with two children. Table 1 shows the
common EMG activity of all seven chil-
dren with respect to single muscles in
different conditions. As evident from
the Table, the greatest muscle activi-
ty occurs at the beginning of the expe-
riment irrespective of the fact whether
a child is loaded with a satchel or not
or whether he is holding it in his left
or his right hand. The greatest activi-
ty is obviously displayed in m. obli-
quus abdominis sin. and mm. paraverte-
brales reg. thoracalis sin., howcver,
it is somewhat lesser here. An intercs-
ting relationship is to be noticed
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between the magnitude of the activity

|| of m, quadriceps femoris sin. and m.
[ biceps femoris dex., which dlsplgy re-
' ciproecity. The distribution and inten-
sity of the EMG activity according to

Figure i show that:

-~ in general the EMG activity is grea-

ter on the left than on the right;

- it is relatively maximal at the De-
ginning of the experiment;

- while holding the satchel in the
right hand there occurs, heside a mo-
re strongly expressed EMG activity of
the left side muscles, an increased
activity in mm. paravertebrales reg.
thoracalis dex.. The situation is
reversed when the child holds the
satchel in his left hand;

- at the end of the experiment, in the
standing position without load, the
EMG activity is minimal.
By means of statokinesiometry there was
concluded that with two children no
essential changes could be noted in
the medium radius of the movement of
the center of gravity as well as no la-
I teral shifts. With the othcers we noti-
' ced differences in the medium radius of
the movement under various test condi-
tions, and with four children also a
lateral shift of the center of pravity
to the opposite sidd while holding the
satchel in the right hand and the left
hand, respectively.

DISCUSSION AND CONCLUSIONS

bue to a relatively small number
of children participating in the expe-—
riments thd data obtained can only be
treated as preliminary. lowever, we
can state that the distribution pat-
terns of the FMG activity are constant;
the difference is merely in the degree
of activity with each child. On the b=
sis of these analyses we can draw a
conclusior that it is best for the
child to carry the satchel on hLis back,
whereas the carrying of the satchel in
one of the hands causes changes to a
degree as observed with the cliild in
| new situations and connected with un-—
certainty as noticed at the beginning
| of the experiment.

An interesing correlation is to be no-
ted between the distribution, the degp—
ree of the EMG activity, the medium
radius of the movement and the directi-
on of shifting the center of gravity,
showing to what extent the child is ab-
le to compensate the influence of an
outer force (the weight of the satchel)
in maintaining an upward posture. Thus,
we can see that a group of children

can maintain the initial position with-
out considerable shifts of the center
of gravity and the EMG activity without
taking into account the manner of loa-
ding (on the back, in the left or the
right hand). The second group displays
a preater EMG activity and changes in
the wmedium radius of the center of gro-
vity movement, whereat there are no
substantial lateral or bhackward shifts;
and finally, a group with which there
can be observed, beside a proper EMG
activity, also a contralateral shift

of the center of gravity while holding
the satchel in the left or the right
hamd. We could say that with all of
these children, in spite of different
reactions Lo a newly arisen situation,
a compensation to the influence of an

outer force is clearly evident. The best

of them is undoubtably the group sho-
wing no need for a greater activation
of muscles and maintaining the center
of Eravity in its initinl position.
With the children with whom the MG
activity is more stressed and the cen-—
ter of gravity is subject to compenso-
tory shifting, there can be forescen o
more rapid occurrence of fatigue and
weakening, which due to repented loa-
ding can résult in bad posture and sub-
sequent deformations. llowever, the shift
of the center of gravity without the
occurrence of the EMG activity — which
wvas not detected in our group of chil-
dren - represents a major threat to the
population of children since with them
the mechanisms responsible for mainta-
ining an upward posture behave contrary
to one’s expectations. The reasons the-
reto are different, to be sure, bhe it
that the question is of an insufficient
control of pestural mechanisms, insuf-
ficient functions of wotor units irre-
spective of the etiology (humoral, neu-
ral etc.). Anyway, it would be advanta-
peous if the children suffering from

asthenic constitution, humoral and meta-
bolie disturbances, defects of the lLoco-

motor apparatus, the children who, for
notohvious reason, tire gquickly, as

ZDRAV VESTN 51 /1982/ - 5th CONGR I.S.E.K. LJUBLJANA

well as thosec with neuromuscular dise-
ases were subjected to a polyelectromy-
ographic analysis urider loading to re-
veal the possibility and degree of com-
pensation, In this way, a negative
influence of loading upon posture and
development of deformations could be
avoided with these children.
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LUMPED - PARAMETER MOIEL OF THE HUMAN THERMOREGULATION SYSTEM

Halil BENGE

PheDs_and AeRifat ER3UL, M.Sc,

Iepartment of Electrical Engineering, Middle East Technical University, Ankara, DURKRY,

ABSTRACT

Body temperature in man is kept in its normal
range as a result of the combined responses of
various physiological systems involved in thermo-
regulations The regulation system under study is
basically a non-linear negative feedback control
system with constant reference input. The aim of
this study is to construct a mathematical model
of the temperature regulation in human body which
can be used to study the certain properties of

the real systeme, For this purpose lumped-parameter
models, and their electrical analogues, have been
constructed and simulated on a digital computer,
Simulation of the models have been based on the
numerical data gathered from the published works
of various workers, Validity of the models have
been verified for various environmental conditions.

MATHEMATICAL MOIBL

While constructing the model the human body has
been partitiened into four simplé geometrical
segments as follows: Head as a spheres trunk,
upper extremities, and lower extremities each as
a cylinder (Fig. 1)e Furthermore, each body sege
ment has been assumed as consisting of three con-
centrioc (coaxial) compartments with uniform ther—
mal propertiesc’Core, muscle, and skin and fat
(Fig 2)e Blood has been congidered as a body
compartment interconnecting each body segments
and compartmentse Since the thermal properties of
the tissues‘thch compartment do not differ very
much, each compartment is assumed uniform
throughoute. Thus it is possible to represent a
compartment with a lumped model simulating heat
storing (Ct) and heat conducting (Gt) properties.

ELECTRICAL ANALOG MODEL

Using the analogy between temperature and elec—
trical potential as “across variables" and heat

flow and electrical current as "through variables'

it is possible fo construct an electrical analog
circuit for the temperature regulation system in
human body (Fig 3)e

In the analog circuit: (a) Heat generation by
metabolism and/or muscular work, and heat loss
by evaporation are represented by controlled
current sources; (b) Total metabolic heat
generation is distributed into all compartments
except blood compartment according to the weight
percentages; (c) the temperature gradient depen-
dent heat exchange mechanisms between skin and
environment (i.e, radiation, convection, conduc—
tion) is modeled by equivalent variable thermal
conductances; (d) ambient air temperature is
representied by a voltage source comected to
skin conductances of each segment; (o) all
temperatures are measured with respect to a
reference point which is taken as 0° Centigrade
In the model: C's represent thermal capacitances;
G's thermal conductances ; M's metabolic heat
generation ; W's muscular heat generation; E's
evaporative heat loss by sweatinge

RESULTS

The computer program has been organised in a
manner to be suitable for various environmental
and experimental conditions to the systems Two
sets of computed results are shown in Fig 4 and
Fig 5, which appear to lend support to the
validity of the derived lumped=parameter model
of the human thermoregulation system{ Shown in
Pig 3) '
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POSTURAT, CONTROL IN INITIATION OFF GAIT

Milan Gregori&, Rehabilitation Centre of SR Slovenia, 61000 Ljubljana, Linhartova 51, Yugoslavia;
Per Odenrick, Dept. of Clinical Neurophysiology, Academic Hospital, 581 85 Linkdping, Sweden;
Bogdan Oblak, University Institute of Clinical Neurophysiology, Univ. Med. Ctr., Ljubljana, YU;
Milan R. Dimitrijevi¢, Dept. of Clinical Neurophysiology, Institute for Rehabilitation and Research,
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INTRODUCTION

Apart from the work of Carlsds (1966), R.
Herman et al (1973) and Cook and Cozzenns
(1975), the postural mechanisms in initiation
of gait have not been extensively studied in man.
In this study we wished to determine the chan-
dges in the floor reaction force and in related
electromyographic activity of pretibial and calf
muscles when gait is initiated from a symme-
trical standing position in healthy subjects and
in patients with parkinsonism.

METHODS

Six adult healthy subjects and 4 patients with
parkinsonism (bilateral involvement, hypokine-
sia, rigidity, and disturbances of posture and
gait) were included in the study. The subjects
were standing on the Kistler force-platform in
a symmetrical "easy" standing position. They
were instructed to start walking after the star-
ting signal (flash) with ordinary, fast and slow
velocities of gait. The displacements of the cen-
tre of force (CF) were computed up to the mo-
ment ‘the subjects stepped out of the platform.
The electromyographic activity (KMG) of the ti-
bial ant. and triceps surae muscles was recor-
ded simultaneously on both sides with surface
electrodes. Phases of gait were recorded by
tootswitches. The technique is described by 1.l
Larsson et al. (1980).

RESULTS

In healthy subjects the CF moved with a delay
after the starting signal at first backwards and
slightly laterally to the side of the first "swing
leg", then to the other side, toward the "stance
leg" and finally forwards (I'ig. 1). The EMG ac-
tivity of pretibial muscles on both sides was
shortly preceding the changes in forces. This
activity was sustained during a backward shift

and it stopped when the CF was displaced for-
wards. At the first push off phase (heel up -
ball up) pretibial muscles were still active,
while there was little or no activity of calf
muscles and the CF was in the backward po-
sition; however, it was shifted to the side of
the “stance leg" (in order to unload the "swing
leg"). The CF moved forwards not later than
at the end of the first. swing phase. The first
push off (heel up - ball up) phase recorded by
footswitches was of a comparatively short du-
ration. In patients with parkinsonism the mo-
vements ol the CI' often showed some oscilla-
tions of the lower amplitude before the final
forward displacement (Fig. 1). The start of
the first step following the signal was delayed
in comparison to healthy subjects. Coactivation
ol pretibial and calf muscles was often obser-
ved in the patients (Fig. 2). The initial back-
ward and lateral displacement of the CF was
larger and the EM G activity of pretibial mus-
cles was higher at faster than at slower velo-
cities ol gait.

CONCLUSTIONS

The described changes in the position of lhe
centre ol force and in the MG activity of
leg muscles on starting the gait from a symine-
trical standing position seem to reflect the
complex postural mechanisms by means of
which the body is increasing the impulse of
force and the acceleration of the initial move-
ments. These mechanisms are disturbed in
parkinsonism which points to an important role
of the basal ganglia in the neural control of
initiation of the stepping cycle.

Acknowledgements: This study was supported
by Research Community of SR Slovenia, and by
the Bob and Viviah Smith Foundation, Houston,
Texas (USA).
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I"ig. 1 Trajectory of the displacement of the cen-

A A
tre of force on the standing surface on
initiation of gait in a healthy subject
(left) and in a patient with parkinsonism
//—A (right).
L \ R L A=anterior, P=posterior, L=left, R=right
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Fig. 2 EMG activity and displacements of the centre of force on initiation of gait after the starting
signal. The healthy subject started the gait with the right, and the patient with the left leg.
HoBu = the time from Heel up to Ball up ; HoBo = the time from Heel on to Ball on.
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BODY SWAY IN DIFFERENT STANDING POSTURES
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INTRODUCTION

The platform stabilometry (statokinesimetry)
is the recording of body sway by measuring the
displacement of the centre of force on a force
measuring platform during quiet standing. Since
visual inspection of the output curves (statoki-
nesigram and stabilograms) does not give us
enough quantitative data on body sway, nume-
rous computer-based processing techniques have
been introduced to process these signals (Niio-
kiktjien 1973, Hufschmidt 1979) . The results of
this computation involve a set of parameters,
which describe the characteristics of the body
sway. For the study of postural subsystems
(for diagnosis or follow up) these data should
be somehow compared with the ’normal’ values.
As no suitable model for normal posture is
available, we have to evaluate each parameter
by its normal values. The Hamming distance to
the 'normal® vector (total score) gives us an
impression of equilibrium function.

The purpose of this study was to point out
that the ’'normal’ vectors depend on the ortho-
static elements of posture (not only static, but’
also dynamic ones). Since the subjects adopt
different postures during tests, even when quiet
easy standing is strictly requested, these static
factors should be estimated. To preserve the
simplicity of the method, we tried 10 estimate
the static elements of posture from the measu-
red forces using the inverse pendulum model,
which has been proposed by many authors (Kap-
teyn 1973, Geursen et al. 1975).

METHOD

The subjects (6 male and 1 female, aged 20
to 35 years) were asked to stand quiet on the
Kistler force-plate (9291A and 9281A11) bare-
footed with the heels put together to form an
angle of 25 degrees in different positions:

University Institute of Clinical Neurophysiology,

Linhartova 51, YU;
Academic Hospital, 58185 Linkdping, Sweden.

The University Medical Centre,

forward leaning (maximum and moderate) , neu-
tral and backward leaningi left and right lea-

ning and symmetrical position.

inverse pendulum dynamics we fixed
ject to the bar by a bandage with the ankle
joint free. At the end of each 51.2 s trial two

photos were taken by two cameras

To verify the

the sub-

placed on

the lelt side and at the back of the subject.
klectromyograms were recorded simultaneously
on six musele groups of the leg and the back
(tibialis anterior, triceps surae and ercectus
spinae on both sides) using standard bipolar

surface electrodes.

From the forces the body

sway parameters were computed. The mean
speed (M3), the RMS value (in sagittal and
lateral directions) with regard to the mean po-=

sition and the mean position (™Mp

) of the centre

of force and the RMS value of the dynamic

part of ve rtical

RESULTS

[orces were studied in detail .

All subjects showed increasecd amplitude of
sway (mean speed and RMS values) when not
in neutral position (Table 1).

Table 1. Mean values (and standard cdeviations)
of mean speed of centre of force in
mm/s for different body positions.

AT
MAXIMAL 27.4(27.2)
FORWARD
FORWARD | 13.9(%6.1) 13.2(*4.7) [14.3(¥5.1)
NIEEUTRAL 13.8(%4.2)] 9.5(%3.1) 13.5(%5.2)
BACKWARD 21.5(£5.1)]20.1(£7.2) 22.3(%6.3)

The sway was more pronounce

d in the direc-

tion of leaning but not in the extreme leaning

B Oblak et al Body Sway in Different Standing Postures

positions (Fig. 1). On the other hand, the RMS
value of vertical forces was not so closely
related to the mean position (Fig. 2). Two sub-
jects even had decreased RMS values of verti-
cal forces when not in neutral positions. In
passive posture (no EMG activity in tibialis
anterior and triceps surae) as well we found
increased mean speed and RMS values as com-
pared to the neutral positions. No significant
differences were found for RMS values of the
vertical forces. With the subject fixed to the
bar, similar amplitude position relations were
found, the RMS values of vertical forces being
also in closeé relation to the position.

DISCUSSION AND CONCLUSIONS

The minimum amplitude of sway of the cen-
tre of force is reached when the body is in
ale_rt neutral position. This position can be
adopted by following the instructions duringthe
test. It can be checked by EMG (minimal but
constant activity in triceps surae), by mean
posgition of the centre of force (about 50 mm in
front of the ankle joint axi®), and less accura-
tely, by the plumb line. Since all dynamic para-
meters are very sensitive (in the sagittal di-
rection at least) to these static elements of
posture, this correlation should be taken into
account when comparing the data with the nor-
mal values.

According to the principles of mechanics,
for the inverse pendulum (weightless rod with
a point mass (body mass) and with the rotatio-
nal axis (ankle) at the other end), oscillating
with the constant acceleration amplitudes, the
amplitudes of oscillations of 7, forces are pro-
portional to the displacement from the vertical
(if the amplitude of oscillations and displace-
ment. are small comparatively to the rod length)
This relation was observed with the body fixed
to the bar. In subjects standing free there was
no regularity in relation between the vertical
forces (normalized to the same mean speed of
the centre of force) and leaning in sagittal di-
rection. Hence the inverse pendulum model can
not be accepted for body sway in sagittal di-
rection (at least for the high-frequency range).
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Fig. 2 Typical position-body sway diagram. The
mean speed of centre of force (crosses)

is more pronounced when the body is not in neu-

tral position. No correlation can be found for

RMS values of vertical forces normalized to the

body weight and mean speed (circles). For inverse

pendulum model this relation is linear (lines) .
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THE FEEDBACK IN THE SYSTEM OF CORRECTIONS MEANS OF THE SPORTSMEN MOVEMENT DISTURBANSES

A. POCROVSKI, A. RODIONOV, S. SLOBUNOV

ALL-UNION SCIENTIFIC-RESEARCH INSTITUTE OF PHISICAL CULTURE

Two levels of regulation of the motor
function are known: to be open-loop, based
on the theory of the motor programming
and close-loop based on the functioning
feedback afferentation. In accodance with
the close-loop regulation there is the
internal and external ring of movement
regulation. Taking into consideration
the theoretical data, the correction of
the motor disturbanses caused by deautomati-
zation is proposed. For this purpose the
parameters of  the external features or
internal structure is presented on the
graphical display, which gives us  the
immediate information during the execution
of motor action.

In this article the defending action of
fencer with technical errors caused by
deautomatization of skills were taken
as a motor model. Mechanograms and the
EMG of definit muscles are presented on
the graphical display. The subject task
was to render the movement pattern with
the different speed. After the traning
accoding to some concrete programme the
stabiliti of skills which is characterized
by recovery of movement disturbanses is
observed.

That procedure may be succesfully used
in the —cases of +the motor disturbanses
as a result of a stressful situation of
the competitive actiwiti.

Experimental data and its explenation
in the report are presented in detail.
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SEP CHANGES BY RETRACTION OF THE THORACIC CORD WITH OR WITHOUT RHIZOTOMY

Motoaki Ishii, Shigemasa Fujii, Hidemaro Yokota, Hiroaki Iwasaki,and Kenji Masuhara

Dept. of Orthopedic Surg. Nara Mcdical University Kashihara, Nara 634 Japan

INTRODUCTION

As the surgical approaches for the
spinal thoracic tumor, anterior decomp-
ression or lateral rhachotomy or costo-
transverscctomy arc generally indicated.
But in cases that tumor invaded not only
the vertebra but also the epidural space,
there are no technique favorable to
acquire one stage decompression.

On the other hand, laminectomy with
one or two rhizotomies makes it easy to
approach the tumor invaded vertebral body
and its epidural space. The purpose of
this research is to study the effect on
spinal cord by lateral retraction with or
without rhizotomy utilizing computer-
averaged spinal evoked potentials(SEP).

LEXPERIMENTS

Normal adult mongrel dogs were
utilized for the study. Dogs were anesth-
etized with thiamylal sodium and wmyo-
relaxant intravenously. Endotracheal in-
tubation was performed to respire arti-
ficially with room air. Laminectomies
were performed from L1 to L4, and a stim-
ulating electrode was inserted cranially
and a recording electrode caudally into
the epidural space. SEP monitoring was
conducted in the anesthetised dogs as
follows: a spinal cord stimulus was
applied by means of epidural bipolar
catheter electrode. The stimulus current
was controlled just over the level to
clicit maximal responsc (duration 0.lms,
20pps). A bipolar catheter electrode was
also used as a recording eclectrode. A
refference electrode (ground) was in-
serted in the skin.

The average response to 32 stimuli
was displayed on an oscilloscope screen
which data were recorded for the 10ms
period following each stimulus. Control
of the stimulus and recording and ave-
raging of the responses were performed
by Medelec MS-6. Dogs were divided into

2 groups: group 1 with rhizotomy (L1,L2),
group 2 without rhizotomy. A retractor
connected to a micromanipulator was set
at the center between 1.1 and L3 roots
and just contacted with dura mata.
Before and during lateral retraction,
SEP was measured cvery 2 minutes.
Retractor was driven Imm cvery 16 ninnres,

RESULTS

SIP have been clinically applied to
evaluate the neurophysiologic function
of spinal cord. Spike potentials in short
latency of SEP are interpreted as action
potentials pass through the superficial
posterolateral tract (lst MNegative Nefl-
ection: 1st N.D.) and posterior tract
(Znd Negative Deflection: 2nd N.D.) of
spinal cord. The significant SIP diffec-
rence between group 1 and 2 was in the
decreasing ratio in the amplitude of
both 1st N.D. and Znd N.D.. In group 1
the amplitude decreased to half by 3 or
4 mm retraction, hut in group 2 by 6 mm
retraction. (Fig-1)

The appearance comparcd between two
groups at the same retracted length was
remarkably different. In group 2, the
nerve roots of the retracted side were
more tensive and spinal cord was highly
strained than in group 1.

CONCLUSTONS

[n our series we observed SEP difl-
crence between group 1 and 2. Tt sugges-
ted that the impairment of the spinal
cord function due to lateral retraction
could be reduced by rhizotomy.
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ELECTROMYOGRAPHIC SIGNAL ANALYSIS FOR EVALUATION OF THE SCOLIOTIC PATIENTS

M. BRACALE, M. CESARELLI, C. RAGOSTA, A, MIGNOGNA, C. DE ROBERTO

Aetiology of idiopathic scoliosis still

today retains its doubts and its uncertain-
ties.

In principle the integrity of the muscolar
system of the scoliotic column may be
an ugefull information for evaluating
the malformation. The more and more thorough
study of this system is therefore fully
Justified, with all technologically most
advances methods, with quantitative electro-
myographic study of the paravertebral
muscles.

Our research infact, provides for picking-
-up and elaborating in real time the
EMG signal from scoliotic subjects.

The study consists of the quantification
of the asymmetry of the electromyographic
signal which exists between the right
and left sides, through the definition
and the comparative evaluation of appropriate
indeces, the asymmetry index and the
percentual difference of power and their
successive variations during the possible
therapies.

A program, therefore, has been implemented
on the 5451B HP Fourier System for computing
all above indeces record.

In the paper are presented the procedures
of computations and clinical results.

(ABST)
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QUANTITATIVE BACK MUSCLE ELECTROMYOGRAPHY IN IDIOPATHIC SCOLIOSIS.

Carl Zetterberq', Roland Bjérk2, Roland brtengrenz, and Gunnar B.J. Andersson1. 1Depart—

ment of Orthopaedic Surgery and “Clinical Ncurophysiology, Sahlgren Hospital, S-413 45

G8teborg, Sweden.

INTRODUCTION

Electromyographic studies of the para-
vertebral muscles in scoliosis have most
often been made to detect neurogenic or
myogenic lesions. A comparatively higher
myoelectric activity has been found on
the convex side in most cases. The dif-
ferences between the concave and convex
side have not been quantified, however,
nor have they been related to the degree
of the curve. The aims of the present
investigation were to study the ampli-
tude and spectral content of the myoe-
lectric signal in relation to scoliosis
and load.

MATERIALS AND METHODS

The scoliosis group consisted of girls
with adolescent idiopathic scoliosis of
uniform morphology. Their mean age was
14.0 years. All curves were primary (ma-

. jor) thoracic, convex to the right and

with the vertex at T7 - T9 levels. The
thoracic curves had a mean angle of 20.6
degrees (range 5-70 degrees), and the

- secondary lumbar curves a mean angle of

19.3 degrees (range 0-47 degrees).

The control group consisted of 19 heal-
thy girls with a mean age of 12.6 years.
They were physically examined and also
investigated by means of Moiré topogra-

phy.

' To load the muscles of the back, the

subjects were asked to lie prone and
arch their backs for 2 minutes (figure

©1). The myoelectric signals were picked
sup by means of 4 bipolar surface elec-
i trodes, placed symmetrically on the back

at about 2.5 cm from the midline on both
sides at T8 and L3 levels. The signals
were amplified and fed to the analog-to-
digital converter of a computer for sto-
rage and subsequent analysis. The samp-
ling rate was set to 2048 Hz per channel.

The evaluation procedure consisted of

'signal amplitude estimation and power

spectrum analysis. For estimation of the
signal amplitude the r.m.s. values were
determined in pv. Based on the r.m.s.
values an amplitude quotient, Q, was
calculated for each spinal level and
each subject:

_ 2 (Vr - Vvl1)
Q= Vr + V1 Ll
where V denotes the r.m.s. values in uv
and r and 1 denotes right and left side
respectively. This quotient which mini-
mizes the interindividual variation, fa-
cilitates comparison of the side dif-
ferences between the individuals.

The myoelectric signals were analyzed
for frequency changes during the 2 mi-
nutes recording, by repeated calcu-
lations of power spectra bascd on conse-
cutive half second signal segmentls.
Shifts of the myoelectric power spectrum
along the frequency axis were characte-
rized by means of the center frequency
(CF). It has been found that the center
frequency decreases exponentially with
time in isometric fatiguing cont-
ractions. Fatigue curves were also plot-
ted with the frequency value scaled lo-
garitmically. The average slope of the
curve in this case was estimated by
means of linear regression analysis.
This slope, with the opposite sign has
been referred to as the fatigue index
(Lindstrdm et al 1977).

RESULTS

The scoliosis group showed a higher myo-
electric activity on the convex side -
compared to the concave for both the
primary thoracic (p<0.001) and the se-
condary lumbar (p<0.01) curves. The myo-
electric amplitude dominance on the con-
vex side was found to increase with in-
creasing scoliosis angle in both the
primary thoracic (p<0.05) and the secon-
dary lumbar (p<0.01) curves, (figure 2
and 3). In the control group, there were
no significant side difference of the
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amplitude values.

The results of the spectral analysis
were similar for the scoliosis and the
control groups. The center frequency
curves, when plotted versus time,
showed a consistent decrease during the
loading period, in both subjects and at
all electrode locations. A shift to-
wards lower frequencies of the center
frequency curves occurred (figure 4).

There were no significant differences,
in the fatigue index values between
either the sides of the back or between
the two investigated groups.

DISCUSSION

A comparatively higher myoelectric sig-
nal amplitude was found in the para-
spinal muscles on the convex side of
the scoliosis curve. This is consistent
with previous studies of scoliosis
patients, (Brussatis 1962, Zuk 1962) .
The force required to balance the spine
1s greater on the convex side for mecha-
nical reasons. We found that the myo-
electric amplitude difference increased
with increasing degree of scoliosis.
Therefore it is probable that the amp-
litude difference between the sides is
caused by the curve.

The center frequency curves showed a
decrease during the loading period in
both subject groups and at all electrode
locations. The fatigue index values were
also the same throughout. This indicates
a similar rate of ongoing fatigue. Thus,
there was no indication of a different
response to load of the Paraspinal
muscles when the patients with scoliosis
were compared to healthy controls.

The results obtained indicate that the
loads on the paraspinal muscles on the
convex and concave sides were in pro-
portion to their capacity. An adaptation
of the convex sided muscles appears to
have occurred to the higher load demand.
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rms quotient EQUILIBRIUM REACTIONS IN IDIOPATHIC SCOLIOSIS (ABST)
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MG ANALYSIS BY MEANS OF ASYMMETRY INDEX OF SCOLIOTIC PAYTENTS
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Introduction

Fvery stimulation procedure adopted so far in-
volves stimulating the convex side of the scoli -
otic curve (1) . By our proceduref?,3,8)(Scoliotic
Patient Electrical Stimulation, SPES), points to
be stimulated were selected on the basis of each
patient's electromiographic data. As krown IMG
activity is studied on both sides of the vertchral
column, and it is symmetric in healthy subjects,
whereas it is asymmetric in scoliotic patients
(4). stimulation was applied by us to the side
showing low-level EMG activity.

Asimmetry was evaluated in scoliotic patients'
EMG activity by a specially designed Distributed
Microprocessor System (see Fig. 1) that receives

‘Fig. 1 - The distributed Microprocessor System.

signals form surface electrodes (via a commercial
1y available electromyograph) and processcs digi-
tally-converted signals to obtain specific EMG
evaluation in real time.

An asymmetry index (AT) taking into account IMG
activity in each side of the spine at the apex of
every scoliotic curve is discussed in this puper.

), Mezzina T.(

Dipartimento di Elettronica, Politecnico di Milano.

+) ) (+)

. + .
, Pissarello M.<o), Rosi M.( , Villa L.

The Distributed Microprocessor System adopted
by us for this application permits fast, reliable,
objective EMG activity measurements to be obtain-—
ed, which is extremely useful in clinical practi-
ce.

Method

LMG signals coming Trom two couples of surface
electrodes applied 2 cm apart form the patient's
spine are fed into an electromyograph in order to
be monitorized. The outputs from the electromyo-
graph are sent to an analog tape recorded and the
Distributed Microprocessor System (see Fig. 2).

Display
> Terminal
B b Electromyograph
Signal Chart Tape
Processor ?Hecnrder , Recorder

Fig. 2 - Bloek-diagram of the equiprents used.

tem software performs several test on all critiﬁ
cal devices and the communicationprotocol tetweer

|
At power-up, the distributed microprocessor sys (
the microprocessors to secure faii-safe operatioh.

The user can select sampling frequency (fo )
acquisition time(Ty) and start command.

The distributed microprocessor system computes
partial sums while sampling incoming sipnale by |
a double-buffering technique. At the end of the l

|
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acquisition “ime, the distributed microprocessor
svstem computes the AI by the following {oagula:
5,0,7)

Ty T,
R = J’ |r(t)|at L= f |1(t)]at
(o] (o]
e« SR
ATS ax(w, 1) 100

(where r(t) is the EMG activity of the right side
1(t) is the EMG activity of the left side
and displays the results on its video terminal.

Since the electromuograph filters signals
above 1000 Hz we selected a sampling frequency
of 3500 Hz.

The device must operate in a linear range
between its saturation and noise levels.

When EMG signals are very low, integrated ac-
tivity is badly affected by spurius effects, such
as superimposed EMG. L

Positive AI values resulting from eq.l corre-
sponds to greater activity on the right side,and
negative AI values correspond to greater activity
on the left side. '

Results

Measurements of AI have been made on 39 curves
from 30 scoliotic patients and have been repeated
consecutively more than 4 times.

Experiments were performed to test AI variabi-
lity by repeating measurements in the same scolio
tic subject under the same conditions. Results
are as follows:

sub ti?e n ?I A o]
(min) mean| min | max

A 6 [1b Ly 42 L9 7 2,h2

B 12 |24 27 20 36 16 3,h3

C 18 |29 38 26 55 29 6,43

n = number of measurements taken.

The highest range of variability was observed
in patient C who showed a difference of 29 between
Al max dnd AT min. Note that this experiment last
ed 18 minutes. Cenerally it takes less than 2 mi-
nutes to repeat the test 4-5 times and the dif -
ference A is near 10.

AT was not significantly modified by slight
postural changes, and body weight distribution on
legs.

This was also confirmed by the conserfuences of
the inevitable postural changes in patients being
due to the lengthy experimental procedure ahove
reported.

Fig. 3.shows the mean AI of each ccoliotic cur
Ve as a function of its Cobb degree value. As ex-
bected there was no relation between AT and the
seriousness of scoliosis.

By measuring AI for every vertebral level of
a scoliotic curve it can be. found that its maxi-
mum value corresponds to the apex of the curvature.
Conclusion

The use of AI as a means of determining the
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Fig. 3 - A.T. as a function of Cobb degrees
sites where electrodes should be applied to ef-
fect electric stimulation of scoliotic patients
(SPES) has given good results at the Centro Don
Gnoechi (Parma) with 80% of success on 97 curves
from 6l scoliotic patients,at the Istituto "G.Pi
ni"(Milano) and Centre des Massues(Lyon)the re -
sults of which can be found in (ref. 2 and 3).

By the Distributed Microprocessor System adopt
ed by us it will be also possibleé to performother
types of EMG analysis in real time, such as power
spectrum, medium frequency, in order to monitor
the effectiveness of the treatment being given to
the patient, and for the prognosis of the disease.
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lptrodyction

With the recent improvements of Integrated
Circuit Technology there has been an increasing
interest in specialized laboratory computers for
biological data analysis.(1-3). The importance of
this type of equipment in the EMG signal proces-
sing area is growing very rapidly. The architec-
ture of specialized laboratory computers is task
oriented, that is these computers are tailored to
perform a specific set of well defined tasks.

Task oriented architectures offer the following

advantages over general-purpose computers:

a. better cost-effectiveness because they are task

specificy

favourable price/performance ratio;

much Tower specialized hardware cost;

computation potential similar to or even higher

than that general purpose computers, and

e. reduced space requirements and weight which
spells the opportunity to make investigation

at a patient's bedside without any difficulties.

a0 oT

A signal processor for EMG analysis clearly
belongs to this class of task oriented devices
and it should (4):

1. sample EMG signals via several channels;

2, pe;form basic signal processing in real time,
an

3. exchange data with an external device (tape
recorder, general-purpose computer) to allow
off-1ine EMG analysis.

In this paper a distributed microprocessor
system developed at the -Dipartimento di Elettroni-
ca of Politecnico di Milano is described.

The System

To perform basic EMG signal processing in real
time EMG signal acquisition and sampling must be
overlapped with EMG signal processing. This is
obtained in our system by distributing the above
two tasks between two subunits operating in a pipe
lined mode. -

. EMG signal coming from sUrface electrodes require
a sampling rate up to 5 kHz. This requirement is
easily met by only one subunit consisting of

basically an A/D converter and a controller devi

ce. The same subunit can be adopted when needless
are used instead of surface electrodes to :
obtain EMG signals.

Difficulties arise with algorithm implementa-
tion because the processing unit might possibly
be unable to perform the entire operation
before next sample is received. To overcome these
difficulties two alternative approaches can be
adopted: 1. use faster processing unit, or 2.
including a higher number of subunit acting in a
pipelined or parallel mode in the system.

In this system the acquisition subunit and
the processing subunit share a dual-ported RAM
memory. Data coming from the A/D converter are
fed to the dual-ported RAM memory and are proces
sed by the processing subunit by using a double-
buffering technique. The number of two-ported
RAM memory and processing subunit can be increased
as such as required to execute highly-demanding
algorithms (e.g. Discrete Fourier Transform,
Recursive Least Squares Estimation).

The acquisition subunit consists of a signal
conditioning module, a sample and hold device
for each channels, an analog multiplexer, and an
A/D converter connected to a parallel I/0 port
controlled by a Z80 microprocessor (fig. 1) .

The dual-ported RAM memory is shared for the
acquisition and the processing subunits. It
consists of 4K bytes of static memory that can
be accessed in an exclusively way by one of the
two CPUs. : ‘ i

The processing subunit consists of a small
microcomputer system with a 780 CPU running at
2,5 MHz, a total 8K of ROM memory and 5K of
RAM memory, a serial 1/0 interface, an arithmetic
processing unit (Am9511A), and an IEEE-488 inter-
face. The processing subunit is responsible for
output results on a CRT, and/or the transfer
of samples or partial results to an external
device via its IEFE-488 interface (see fig. 2).

Two different .programs are implemented
separately of each of the subunits. Tasks to be

_— e -
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Fig. 2 - The processing subunit block diagram.

performed on the data acquisition subunit are:
testing every subunit device, channel selection,
channel gain control, A/D control, apd communi-
cation with the processing subunit via the dual-
ported RAM memory.

The entire system is managed by the processing

subunit which also interact with the uséer, who -
can select one of the specific menu driven pro-
grams for system operation, testing, running
index EMG signal, EMG sample, acquisition and
storage, and EMG sample transfer to a general-
purpose computer from one or several channels.

Conclus fons

The system developed by us is cheap, §e1f
contained and can perform simple, rea17t1me
EMG analysis in a fail-safe mode, as discussed
in (2).

More sophisticated EMG analysis can be equ]y
performed by upgrading this system with add1t1ona1
dual-ported RAM memory and processing subunits
without altéring its critical software strugture
as the communication protocol between subunits
is always the same.
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I. INTRODUCTION

The purpose of this study was to
collect information concerning children
born alive with Spina Bifida (myelomen-
ingocoele) 1n the city of Montreal.

While a number of European countries (1,2,
4) maintain registration of congenital
deformities, this is not generally the
case in Canada except for British Colum-
bia (6). There is, thus, an overall lack
of information concerning such indivi-
duals. 1In addition, there is little in-
formation concerning older patients who
have survived beyond infancy. It was for
this reason that the present inquiry was
designed as a retrospective study to
cover-.a' twenty-year perlod. Specifically,
the subject of the present work is the
effect of spind bifida on locomotor abil-
ity.

IT. METHODOLOGY
1. Case Finding: Information on

children born alive with spina bifida,

with or without hydrocephalus, in Montreal
from 1955 to 1975 was taken from hospital
records.* Hospital records also provided
ongoing medical histories for these pat-
ients for the 20 year period and where
possible until the end of the study.

293 Data Classification Analysis:

The level at which the myelomeningocoele
occurred was recorded, usually in desc-
riptive terms. .These have been classi-
fied as follows;

. Cervical, cervical-dorsal/thoracic,
. Thoracic, thoraco-lumbar,

. Lumbar, and

. Lumbo-~sacral and sacral.

-~ w N

The patient's ability to walk, (locomotor
ability) was rated on a post hoc basis
either at the last entry of information
in hospital records (1955-75) or sub-
sequently at the end of the study. These
categories are described as follows:

1. ©Not Able to Walk, either due to
post-surgical state or other debilitating
concdition; or because of .age - young chil-

dren who could only sit, crawl etcs

2. Wheelchair dependent for mob-
1lity;

3. Partial ability to walk; requires
assistance at all times, braces, crutches,

etc.; and

4. Walks independently, can manage
stairs but may also use orthoses.

* These were Institut de R8adaptation
de Montréal, 1'Hopital Ste-Justine
pour enfants, Montreal Children's Hos-
pital, Montreal Neurological Institute,
1'Hopital Marie Enfant, Shrincrs Hos-
pital For Crippled Children and Quebec
Society for Crippled Children.

All data collected were coded numerically
for computer processing using SPSS (5).

IIT. FINDINGS

0f a total of 521 live-born par-
ients with spina bifida located in the
search of hospital records, only 266
survived beyond infan¢y. Due to missing
data on one or more of the above factors
there remained 196 cases available for
the study of locomotor disability.

Preliminary analysis of these
cases showed there were no significant
differences 1n the rated locomotor abil-
ity between males and females, or between
patients who also had hydrocephalus and
those who did nat. These data are pre-
sented in Table I.

TABLE 1

COMPARISUN OF LOCOMOTOR ABILITY-PERCENTAGE DISTRIBUTION

RATED -

LOCOMOTOR WITH HYDROCEPHALUS

ABILITY MALES-FEMALES YES NO
1 6.25Z- 8.62 11.02 4.0%
2 25.0%- 29.32 28.02 27.02
3 51.25%-38.82 41.0% 46.0%
4 17.50%-23,132 20.0% 23.0%
TOTAL 100.0Z-100.02 100.0%  100,0%
NO.CASES 80 116 106 90

K Ladd Locomotor Disability in Spina Bifida

Other factors that could be consid-
ered to effect ability to walk which
were investigated were; the repair of
the meningocoele, and secondary compli-
cations or deformities of an orthopaedie
nature such as paralysis of the lower
iimbs, foot deformities, subluxated hips,
spinal deformities such as scoliosis
etc.

" Surgical repair of the lesion was
done in approximately 807 of all cases,
usually within 3 months of birth. Seven-
ty-four percent had orthopaedic problems,
and over half of these required multiple
surgical interventions to correct or
alleviate the condition. These averaged
4.5 per patient mostly before the age

of 7. There was little change in this
treatment pilcture over the period stud-
ied; in addition, further subdivision

of these groups resulteéd in such small
numbers that detailed comparisons could
not be carried out when controlling for
these factors.

Locomotor ability has appeared to be
related to level-of-lesion. That is
locomotor ability improved as the level-
of-lesion moved distally. (Table 2)
Similar to that reported by Hoffer et.al.
(3.

TABLE 2

LOCONOTOR ABILITY AND LEVEL OF LESION

RATED
LOCOMOTOR

ABILITY LEVEL OF HYELOMEKINGOCOELE
1 2 3 4 TOTAL CASES
1 3(192)*% 8(24X) 0(0%) 2(317) 13 (1)
2 4(25 ) 10(30 ) 20(32) 17(22) 51 (27)
3 6(37 ) 11(33 ) 27(43) 40(51) B4 (44)
4 3(19 ) 4(12 ) 15(24) 19(24) 41 (22)
TOTAL 16(100) 33(100) 62(100) 78(100) 189 (100)

Chi-square with 9 d.f.= 34.40; P ¢.001
* NUMBERS IN ( ) are percentagés.

In the above data there were 13 cases
rated as not being. able to walk; however,
11 of thesé were considered too young to
be able to do so. If these latter cases
were to be excluded from the comparison
the differences 1in locomotor ability re-
lated to the level of the lesion are no
longer significant.

The age of the patient appears to be
one factor that indicated the extent of
locomotor disability. These data are
presented in Table 3.
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TABLE 3

LOCOMOTOR ABILITY AND AGE

BIRTH COHORT YEAR

1960 1961 to 1970 1971 ro 1973
aod Before

BATED

LOCOMOTOR b
ABILITY
1 E 1(15%)8 3 (3.87%) 11 (22.47)
2 34(50.0) 13 (16.4) 7 (14,3
3 25(36.8) 39 (49.4) 22 (44.9)
4 8(11.7) 24 (30.4) 9 (18.4)
TOTAL 68(100.0) 79 (100.0) 49 (100.0)
* NUMBERS IN ( ) are percentages,

It appears in Table 3 that the older the
patient the more likely he/she will be
confined to a wheel-chair in order to be
mobile. Of those born before 1960 (18
years or older) 507% were wheel-chair de-
pendent. This proportion declined to
147 for the youngest group (borm after
1971). The optimum in locomotor ability
occurred for those patients between the
ages of 7 and 17 where almost 30% were
rated as being able to walk independently.

Iv. DISCUSSION AND SUMMARY

The material presented has indicated
that locomotor ability in patients with
spina bifida is more closely associared
with the age of the patient than with
other factors investigated. Further,
while there appears to be some improve-
ment for those in late childhood and
early teen-age years, subsequent deter-
mination and increasing dependence on
the wheel-chair 1s evident for older
individuals. Tt must be remembered that
such observations based on a retrospect-
ive study could change with respect to
the younger patients as they grow and
mature, since advances in treatment as
well as improved availability of physio-
therapy and occupational therapy could
have a beneficial effect on their outcome.
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INTRODUCT |ON_

Downward dislocation of the shoulder joint
does not occur in normal shoulders, but occurs
in so-called loose shoulders or shoulders of
some of the patients with hemiplegia. We thought
that some muscles of the shoulder girdle might
help to prevent downward dislocation of the
shoulder joint. We examined in electromyographic
study which muscles of the shoulder girdle
played an important role in preventing downward
dislocation.

EXPERIMENT

The subjects were eighteen normal shoulders
and eleven loose shoulders, which had the
posibility of functioning poorly in joint stabi-
lity. After due consideration, six muscles were
selected and examined electromyographically.
These muscles were the upper fibers of the
trapezius, the supraspinatus, the middle fibers
of the deltoid, the long head of the biceps
brachii, the clavicular portion of the pectora-
lis major, and the rhomboideus. The subjects
were examined in standing position, relaxed to
the best of their ability, with their arms
hanging. The electromyographic examination was
made with static unloaded arm and static loaded
arm. Load was increased from nil to five kilo-
grams, adding five tenth kilograms at a time.
The action potentials of the examined muscles
were derived, using seventy-micron fine wire
electrodes, then amplified, rectified, and
recorded with a seven-channel data recorder
simultaneously. ‘Next the linear envelopes of
the recorded muscle action potentials were
compared to facilitate studies involving quanti-
tative measurement of the average amplitudes of
the action potentials. Furthermore EMG patterns
were analyzed by computer with cluster analysis
50 that the mutual relations between the incre-
ase of load and the muscle activities could be
examined.

DATA ANALYSI1S

—_—— oY

tn the nil and light load of about one kilo-
gram, the action potentials of all examined

muscles were varied and did not show consistent
changes. In the normal shoulders, the action
potentials of the supraspinatus were higher and
increased by degrees according to the increase
of load, and in the upper fibers of the trapezius
and the clavicular portion of the pectoralis
major, their activities also increased. With the
load of over two to three kilograms on these
three muscles, the tendency of increasing muscle
activities was obvious. While the electromyogra-
phic activities of the middle fibers of the
deltoid, the long head of the biceps brachii,
and the rhomboideus were low, and did not tend
to increase gradually in proportion to the added
load. in the loose shoulders, electromyographic
activities of the examined muscles did not
usually show the increase according to the added
load as compared with the normal shoulders. And
at three kilograms of load, all of the loose
shoulders had been already dislocated downward
(Fig. 1).

The quantities of muscle activities which
derived from their linear envelopes were expres-
sed by percentage, and the mutual relations
between the increase of load and the quantities
of muscle activities were investigated.
According to the investigations, in the normal
shoulders there were high mutual relations
between the activities of the supraspinatus and
the load. Also the upper fibers of the trapezius
and the clavicular portion of the pectoralis
major had higher correlations than the other
three muscles; that is, the long head of the
biceps brachii, the rhomboideus, and the middle
fibers of the deltoid. In the loose shoulders,
the supraspinatus had lower correlations
compared with those of the normal shoulders
(Fig. 2).

The dendrogram of cluster analysis showed
that in the normal shoulders, the supraspinatus
were most closely related to the increase of
load, among all examined muscles, but on the
contrary, the middle fibers of the deltoid were
least related. In the loose shoulders, all of
the examined muscles were not so closely
related as in the normal shoulders(Fig. 3).

RESULTS

An electromyographic study of six muscles of
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the shoulder girdle in eighteen normal shoulders

and eleven loose shoulders with increasing load

added to the arms showed that in the normal
shoulders, the activities of the supraspinatus
were most closely related to the load, but the
middle fibers of the deltoid, the long head of
the biceps brachii, and the rhom-

boideus were less related. The ="

study also showed that in the

of the Shoulder

In other words, the humerus was not pulled up

but was drawn toward the glenoid fossa so that

downward dislocation of the shoulder joint was
prevented.
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EMG DISCHARGE PATTERNS IN THE MUSCLE OF LOWER EXTREMITY

Kimihito Ishizaka, Tadaatsu Ito, Yasumasa Shirai, Sumio Kota and Junichi Yamaguchi

Department of Orthopaedics, Nippon Medical School, Tokyo, JAPAN

Introduction

Recently inany papers have been published
which deal with computer analysis of the molor
unit action potentials. However, there are few
literatures among them which throw some informa-—
tions on the amplitude of action potentials
dealing with the stabilizing mechanisms of the”
muscles of the lower extremity in standing posi-
tion of human being. Thére is a possibility that
the stabilizing mechamism of human being in
standing position are clarified by means of
quantitative analysis of the amplitude of the
motor unit action potentials. We investigated a
reciprocal relationship between any one amplitude
of action potential and its following 100
consecutive amplitudes of the discharges, and
some pesults were obtained from these analysis Lo
suggest the stabiliﬁing mechanism of the standing
position.

Materials and Methods

The subjects ovserved consisted of 86 normal
persons and 124 patients with low back pain, Lhal
is 56 patients with intervertebral disc hernia-
tions of [L4/5 level, 40 patients wilh lumbar
spinal canal stenosis and 28 patients with
spondylolisthesis. There were 210 cases in total
{table 1). B

Examined muscles -
Gluteus moximus
Tiblalis antetrior
Gcslrocrnemius_

Examined cases

Normal persons 86
Patients with lumbar Intervertebral disc herniations 56
Patients with lumbar splnal canal stenosis 40
Patlents with spondylolisthesis 28
Total 210

table 1

Electromyograms were taken with concentric
needle electrodes from the gluteus maximus, Lhe
tibialis anterior and the gastrocnemius muscles
during easy standing position. The consecutive

A

discharges of each motor unit were recorded on
the data rccorder at once, and all the motor
units with amplitude higher than 300 jv were
then:picked up and each motor unity consisted
of 100 units were calculated one by one
manually from the oscilloscope screen regarding
to the amplitudes and durations, as shown on
fig. 1.

SINGLE ACTION ,POTENTIAL

amplitude

\_J 100pv ) (x)
lmsec
N s ems ;

duration

fig. 1

|

And then fod Lo 'he computer these results. The
mnotor unit dischurge was finally displayed as
funchions of amplitude in the form of correlo-
grams. And next, the same motor unit dis-
charges were displayed again as functions of
amplitude and interval variations in the form
of diagrams. )

We had the variable peak Gto peak ampli—
Ladens, such ais XL, X0, X3,... 50 Torlh Lo Xn in
the conscculive discharges (fig. 2).

CONSECUTIVE ACTIDN POTENTIALS { FOR ANPLITGiE )

. LS T ) [T S JEL YIOY)

e RN e me S I M ! fdtn threshold level
A I TN O ST
I.iliii“iliu_. L.1 A
REREERERARAN | HH
X, Xy Xy Xe Xg K Xy Xe By KaoKuXuzKipXue ¢ ¢ vt Xes FaeFarKogdsshroe

100pv

200msu.:

fig. 2

Firstly, we computed the correlation coeffi-
¢ient (r) between X1 and X2, X2 and X3,... soO
forth to Xn-1 and Xn. Secondly, we computed
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Ilhe correlation coefficient of X2 and X4, X3 and
X4,... so forth to Xn-2 and Xn. We did so Torlh

to gain the correlation coefficient (fig. 3).

Equation of the Correlogram

"j_‘l(xi-i) (¥i-¥)
Y= {nk=))Sx » 5=

[TV
Su= n=k=1 '}:'()(I-X)

Sv= } n_—}‘_r Zveny

Yi=Xu
(n=100)

fig. 3

Then we had the correlograms of amplitude, which
were represented the time lag on X-axis and
serial correlation coefficients on Y-axis

(fig. 4).

CORRELOGRAM OF AMPLITUDE

The diagrams of amplitude variations and inter-

val variations were represented as the discharg-—
ed numbers on X-axis and peak to peak amplitudes
or intervals between each peaks on Y-axis

(fig. 5,6).

AMPLITUDE VARIATION

RS 1200 o

uscle of Lower Ele:remity

INTERVAL VARIATION

10.1 gec

In general, the correlograms were classifi-
ed into four types, as shown on fig. 7.

Normal correlograms of amplitude (Gastrocnemius)

1y +1
-1

" T A,
-1

=10

LB #1
B = o oo » nlm
-1

yee D P Sl L evd]
-1 4

fig. 7

Type A represents a complete periodic changes
regarding Lo muscle action potentials. Type B
and D represcnts no correlation between the
former and the later action potentials and type
C represents a some periodic changes with some
decrement in action potentials in the consecu-
tive discharges.

Results

Much cases in normal persons showed Lype C
in amplitude correlograms. No type A were
obtained in our series. It was resulted in the
amplitude correlograms in normal cases that type
C were obtained in 66.7% at the gluteus maximus,
in 68.6% at the tibialis anterior and 17.1% of
type D and 14.3% of type B were obtained at the
Libialis anterior. As the gastrocnemius, type
¢ were shown in 51.9% and 25.9% of type B and
P?2.2% of type D were obtained. As to Lha
correlograms colleclively, type € were shown in
62.8%, type D were in 22.1% and type B were in
15.1% (table 2).

numbers of the muscles
3
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Correlogram patterns in normal persons

. Coreelogrom

) potterms | fypa B type C type D Total
Museien
Gluteus moximus | 16 7 24
Tiblalis anterlor 5 24 6 35
Gastrocnemius 7 14 6 27

Totol 13 54 19 86

table 2

Regarding to the analysis of the amplitude
variations of thé consecutive discharges, much
cases showed small variations of the amplitides
in the diagrams in normal persons. The range of
the variations of the amplitudes were classified
into three classes, that is, (=) variation was
below 100 puv of the amplitude; (+) was belween
100 and 200 pv, and (+) was over 200 jiv. The
results were shown as follws; (=) variations
were shown in 67.4%, (+) were in 18.6% and (+)
were 14.0%. As to the diagrams of the amplitude
variations collectively, the gluteus maximus
showed (-) in 54.2%, (+) in 25% and (+) in
20.8%. The tibialis anterior showed both (=)
and (+) in 91.4% and the gastrocnemius- showed
both (=) and (+) in 85.1% (fig. 8).

Amplitude variations
Normal persons
(=)

M=)

=)
28

SImy (-1 ==

()

glul. max. tibial. ant,
fig. 8
Much cases of normal persons showed type ¢ and

D with (=) variations of the amplitude varin-
Lions, as shown on fig. 9.

gastrocnemlius fotal muscles

Correlogram patterns and Amplitude variations
Normal persons

(=)
57
55 -
om’ = e
kv {=1
b4 - —
2 39 35
E f—— e
-4 &
- 15r -)
s
w
b
o 10}
E {-)
3
€ [
5
+)

1ype B lype.C” - type D total

correlogram patterns

fig. 9

The diagrams of the interval variations were
classificd into lwo types, such as (=) varia-
.ion which was within 100 msec changes between
cach discharges, and (+) which was over 100
msec. Almost cases in normal persons were shown
(=) variations of the intervadl variations belong
to type C correlograms (fig. 10).

Correlogram patterns and Interval variations
Normal persons
=

nembers of the muscles

iy

type B type C lype(;

correlogram patlerns

fig. 10

On the other hand, as to the types of the
amplitude correlograms in patients with inter-
verlebral dise herntalions of LA/S level,
colleclively; Lype C were shown in 17.9%, type
B were in 44.6% and type D were in 37.5%
(table 3).
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AuCIROKIN s TLOGTICAL TS TING IN LUMBOGACRAL ol Iials DT JORUERS

Ana Bobinac-Georgievski, Dept. of Rehab, Med. Hosp. Dr J. Kajfes,

Zagreb, Yugoslavia.

INTRODUCTION

Llectrolkinesiological studies from
A1len(1948), Floyd and Silver(1951,
1955) and Tauly(l966) have confirmed
neuromuscular activity pattern of back
muscles, which was characterised with
two phasic myoelectric activity, lower
during trunk flexion and greater during
extension. In position of maximal trunk
flexion electrical silence was recorded.
Basmajian(1978) reported that clinical
spasm was not accompanied by increased
myoelectic activity, in contrast lower
activiti in back muscles was registra-
ted. The present study was performed
to investigate electrokinesiological
parameters of lumbosacral spine in low
back pain and sciatica patients with
and without radiologic signs of degene-
rative disorders of lumbar interverteb-
ral disc, and to evaluate the value of
kinesiological testing as a method of
objectivisation of functional spinal
disorders.

ELPaRIMENT

Zighty patients with low baclk pain
and sciatica and forty normal subjects,
grouped by age (25-45 yrs old), sex,
working activity and radiologic findings
od lumbar spine were investigated, All
patients had typical history of acute
low back pain or sciatica 3-4 weelks
before testing for which they have heen
treated by bed rest, Half of the pati-
ents had radiologic findings of lumbar
disc degeneration and other half had the
normal X-ray of lumbar spine. Zlectro-
myographic equipment (ledelec M36) with
two ampifiers and polgon equipment
(Medelec PG6) have been used to record
surface sacrospinal muscles activita,
sinchronously with body movements in
saggital plane, The silver chloride dise
electrodes have been attached bilatera-
11y, %cm from the lumbar 5 spinous pro-
cess and reference electrode was placed
Sem proximally. Polgon sensors have been
attached on the right tigh and at the

level of body waist. JSurface electromyo-
graphic (IMG) activity from over the sa-
crospinal muscel and forward-backward
body:movement have been continuously
recorded on Kodak Linograph paper type
1895, Amplitudes of ulMG activity have
been measured in milimeters as well as
vertical and horisontal distance from
one point to the other on polgon diag-
ram, to determine the range and the

time of motion, Three repeated move-
ments in saggital plane, performed in
patients natural cadence and maximal
range of movement which he tolerated,
have been registrated.

DATA ANALYSIS

tolyfaktorial Analysis of Variance
was undertaken %o test the interaction
effect of radielogic findings, cliniecal
syndrome, sex and occupation on the
electrolkinesiological parameters. The
I and P test were performed to determi-
ne the level of statistical significan-
ce of difference between electrokinesi-
ological parameters from the patients
and the control groups.

1. wlectroitinesiological finding in
normal subjects ( Fig. 1)

Two phasic EMG activity was regis-
trated during flexion and extension.
iKlectrical silence was Tregistrated in
positions of maximal trunk flexion and
extension., The mean value of the time
for flexion movement was 2 seconds and
1,6 second for extension. The mean ran-
pe of forward flexion was 110 (96-130)
degrees and 23 (16-36) degrees for
backward extension., No difference was
noted between male and female subjects
in control group.

2 dlectrokinesiologicgl finding in
patients® group ( Fig. 2 )
SMG activity of sacrospinal muscles
in patients with low back pain and sci-
atiea was characterised by monophasic
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neuromuscular pattern. islectrical silen
ce was not observed during maximal
trunk flexion, but was appeared during
maximal backward extension. Mean value
of amplitudes of EMG activity were sig-
nificantly greater during forward ben- -
ding and lower during extension move-
ment in the patients® group than by
normal subjects ( p=0,1% ). There was
significant decrease in the range of
movement in both directions, comparing
to the control group ( p=0,1J ). llean
value for flexion movement was 53,5
(19-114) and for extension 12,2 (2-24)
degrees. The mean time performance was
significantly prolonged in patients?
group ( p=0,1%).

rige l. Slectrokinesiological finding

in normal subject: ZMG activity of the
sacrospinal muscles (upper UG repre-
sents right and lower left muscle) and
polgon diagram of body positions, during
three repeated movements in saggital
plane. sinusoid curve represents the
movement of the sensor located on waist
and nearly horisontal curve represents
the simultaneous movement of right thigh.

¥Pige. 2. iklectrokinesiological finding
from the patient with right sciatica

3. iuffect of radiolopgic status of

lumbar spine on MG activity.

In both groups with and without
positive radiologic findings of degene-—
rative changes of lumbar disc, neuromus-
cular pattern of sacrospinal muscles ENMG
activity was significantly different
from control group (Mig.3.). No differen
ce was observed in EMG activity between
patients? groups during forward flexion-
-extbension moevements, but difference
appeared during backward movements, with
significantly greater activity in pati-
ents with negative radioclogic findings.

NS Ne L3 e, 1% beo.in ] Pre W

fd bbb

M"ige 3. Histograms of the mean amplitu-
des of GMG sacrospinal muscles activi-
ty in six different phases { a - £ )

of movements and during standing ( 2 ).
from left to right: the first nistogram-
data from the patients with normal
radiologic finding, histogram in the
middle-data from the patients with
manifested degeneration of lumbar disc,
the thrid one-data from control sub-
jects. Level of statistical significan-
ce of diference between patients® groups
is indicated above,

CONCLUSION

It may be concluded that electro-
kinesiological testing of lumbosacral
spine represents objective method which
should be considerd in functional diag-
nosis of patients with low back pain
and scilatica, with and without radiolo-
gically demonstrable degenerative chan-
ges of lumbar intervertebral disc,
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THE STUDY OF F WAVE IN THE PATIENTS WITH INTERVERTEBRAL DISC HERNTIATIONS

Junichi Yamaguchi, Tadaatsu Ito, Yasumasa Shirai, Sumio Kota, Toshitsugu Takeuchi

Department of Orthopaedics, Nippon Medical School, Tokyo, JAPAN,

The measurement of the sensory and motor
nerve conduction velocities is widely accepted to
utilize the diagnostics of the peripheral nerve
disorders and injuries., These examinations aré
useful to know the changes of the distal
segments in the peripheral nerves out of the
vertebral neural foramen,

But it is impossible to detect the changes of
the proximal segment of the nerve fibers which
are in the spinal canal., The peripheral nerve
fibers are damaged in the spinal canal, lateral
recessus or neural foramens in the patients with
intervertebral disc herniations (I.D.H.).

On the other hand, F wave are considered to be
generated by anti-dromic impulse alomg to the
motor fibers and returning back along to the
motor fibers again to the muscles. These
natures of F wave are favourable to investigate
the proximal segment of the nerve fobers upper
than the involved area.

Much reports according to I' wave were published
recently.

In general, there are two kinds of F wave, such
as F wave with the shortest latency and the
longest latency.

Previous our report concerning to F wave in the
patients with I.D.H. were revealed that I wave
with the shortest latency had no significant
correlation between normal subjects and patients
with I.D.H.

In this paper, we will present the results of F
wave with the longest latency obtained from
normal subjects and patients with I.D.H. who
were confirmed the existence of the prolapsed
nucleus by the surgery.

And the purpose of this paper is to know the
extent of the motor disfunction in patient with
I.D.H. by means of measuring the latency of T
wave and conduction velocity of the nerve
responsible for producing F wave,

Method and Materials;

The subjects examined were 26 patients with
L4=5 I.D.H., 14 patients with L5-51 I.D.H., and
45 normal persons as control. The total cases
examined -were in 85 cases, which consisted of
51 male, 34 female and ranged from 15 to 58 years
old in ages. All of these 85 subjects showed
the typical F wave following the supramaximal
stimulation delivered to the peroneal and tibial
nerves using surface electrodes.

Another surface electrodes placed for detecting
T wave on the abductor hallucis and extensor
digitorum brevis muscles (Fig 1).

o "
Tibial N X/
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i © il [ | =5 -
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|
Sttt Lattivn Stjtrmdeticn
record P o
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I Stinradatih
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¢
B

Fip.1 Melhod of F-wave examination

Also, the conduction velocities of F wave were
meaured by the stimuli induced to the popliteal
area and output from the extensor digitorum
brevis and abductor hallucis muscle.

The frequency and duration of the stimuli were
once per second and 0.5 - 1.0 msecs of duration,
The responses were displayed on the cathode-ray
oscilloscope and recorded with X-Y recorder.
This Figure shows, as a sample that fourty-
eight " waves evoked consecutively were obtain-
ed from the abductor hallucis muscles by
stimulating the tibial nerve, and No.l indicates
the onset of F wave with the shortest latency,
No,2 indicates the onset of F wave with the
longest latency. Moreover, we investigated the
lag between the longest and shortest latency,
and investigated duration and amplitudes of

v wave also (Fig 2).
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(D oniset of the shortest latency F-wave
@ onset of the longest latency F-wave
(® latency difference between (2) and (1)
@ duration of F-wave

® Amplitude of F-wave

__soouv
10msec
Fig2. 5 items of the examination

F wave conduction velocity (FWCV) was calculated
by Kimura's method (Fig 3)e

FWGCV (meters/sec) =

(Distance from stimulus point to Ty2) X2 (mm)
(F latency — M latency) — 1 (msec)

Fig8 (From kimura Arch Phys. Med. Rehabil.
Vol.56,  Nov. 1975)

Results;

In normal subjects and patients with I.D.H.,
the mean value of ¥ wave with the shortest
latency by stimulating the tibial nerve and
peroneal nerves are shown on the table 1.

Tibial nerve Peroneal nerve
(msec) {msec)

Normaronsys 36.54 + 2,27 39.11 £3.19

I.D.H. Patients  36.22+ 3.00  39.12 + 4.08
P. N. S. N. S.

Table 1 Mean of the shortest latency
of F-waves

. 1.D.0l., as shown on the table 2,

There were no significant difference in the
mean value of these shortest latency of F wave
between normal and patients with I.D.H..

We investigated the FWCV with the shortest
latency and resulted in no statistical
difference between normal and patients with

A

Tibial nerve

Peroneal nerve
(meters/sec)

(meters/sec)

Normal cases 53.14+ 4.47 50.87 + 3.54

[. D. H. Patients 53.87+4.93 | 50.5| + 6.4
P. N.S. N. S.

Table 2 Mean of the FWCV with the
shortest latency F-waves

Next, we compared with the FWCV with the short-—
est latency by stimulating the tibial nerve at
the popliteal area between normal and involved
legs in the same patient with I.D.H., and were
plotted into a graph (Fig 4).

‘misec

e affected side
. o normal side

5 IZmeantS.D. of
control

T IV S VS VAN WY ST T VU AT U S MO L 1 A WP ST
123456 7 8 91001 121314151617 1819 20 21 22 case

Figd. FWCV OF THE SHORTEST LATENCY
F-WAVE (Stimulation on the Tibial N. at the knee)

Even though the involved legs of I.D.H,, the
FWCV were within normal range which were shown
by the dotted area on the graph. ‘ '
Same investigations were done concerning the
conduction velocity of F wave by stimulating
the peroneal nerve in comparison with normal
legs and involved legs in the same patlients
with I.D.H., even though two cases showed out
of the normal range in the involved legs, we
resulted in no significant difference between
them (Fig 5).
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10 . affected side

o normal side
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Fig. FWCV WITH THE SHORTEST LATENCY
F-WAVE (Stimulation on the Peroneal N. at the knee)

In F wave with the longest latency, that is, F
wave with minimum conduction velocity, the mean

Tibial nerve Peroneal nerve
(msec) (msec)

Normal cases 39.68 + 2.52 42.08 £ 2.46

|. D. H. Patients 41.05 * 2.95 45.92 = 5.75
P. <0.05 <0.05

Table 3 Mean of the longest latency
of F-waves

In comparison with normal, the longest latency
of ¥ wave in the patients with I.D.H., was
significantly prolonged statistically ard in
FWCV , a delay is remarkable in the patients
with I,D.H.(table 4).

Tibial nerve Peroneal nerve
(meters/sec) (meters/sec)

Normal cases 47.32 +4.38 45.74 £ 2.54

[.D. H. Patients 44.94 + 3,58 40.58 + 5.67
P. <0.05 <0.05

Table 4 Mean of the FWCV with the
longest latency F-waves

Comparing with the healthy and involved legs in
the same patients with I.D.H. as to the conduc-
tion velocity of T wave with the longest latency
by stimulating the tibial nerve at popliteal
area, the conduction velocity of the involved
legs were strong tendency to out of the normal
dotted area, as shown on the Fig 6.

m/sec
0 o affected side
65 o normal side
_.Zmean+S.D. of
60 o control
55 . o °
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Figh. FWCV WITH THE LONGEST LATENCY
F-WAVE (Stimulation on the Tibial N, at the knee)

The conduction velocity by stimulating the
peroneal nerve in the involved legs in the same
patients with I.D.H. reésulted in the same trend
o the tibial nerve (Fie 7).

m/sec

« affected side
o normal side

“_meanxS.D. of
control

12 3 456 7 8 4 1011 121314151617 181920 21 22 case

Fig/. FWCV WITH THE LONGEST LATENCY
F-WAVE (Stimulation on the Peroneal N. at the knee)

Table 5 shows that the comparison with the lLags
of the longest and shortest latency of F wave
between normal and patients with I.D.H.
Whether the stimulation applied on the tibial
nerve or peroneal nerve, the lag of these
latencies in the patients with I.D.H. showed
statistical difference in comparison with
normal. The mean value of the duration of I
wave were compared with normal and the patients
with I.D.H,, and resulted in no significant
difference., But there are a trend to prolong
of the duration in the patients with T.D.H,..

As to investigation of M waves, there were no
statistical difference in the motor nerve
conduction velocity between normal and the
patients with I.D.H. (Table 6).
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Tibial nerve Peroneal nerve
(msec) {msec)
Normal cases 3.16 £ 1.02 2.97 £ 1.44
1. D. H. Patients 4.82+ 1,65 6.80 +3.i8
P. <0.05 <0.05

Table 5 Mean of the difference in latency
between the shortest latency and
longest one

Tibial nerve Peroneal nerve |
!

| Duration (msec)

Normal cases 7.93+2.20 6.54+ 1.97
1. D. H. Patients 8.01 £2.21 7.54+1.88
P. N. S. N.S

M. C. V. (meters/sec)
Normal cases 52,79+ 4.02 | 51.93+ 3.49 '

I.D. H. Patients 5(.42 % 5.39 50.34 + 5.42
P. N. 8. N.S.

Table 6 Mean of the duration and M. C. V.
of normal cases and I. D. H. patients

Discussiong

In 1950, Magladery and McDougel described a
potential which was recorded at a latency
greater than that of the direct motor response
in small hand or foot muscles in man when the
mixed peripheral nerve to the muscle was
electorically stimulted,

This response was called T wave,

And then many investigators, such as Gassel and
Wiesendanger, Mcleoad and VWray, Mayer and
Feldman, and Kimura, have reported T wave in
man.

F wave in man is due to the recurrent discharges
of a few motoneurons produced by an anti-dromic
volley,

Recently, some investigators have reported that
the conduction velocity of ' wave with the
shortest latency were delayed in the patients
with mono-root damage. However, the delayed
conduction velocity of  wave with the shortest
latency have not been demonstrated in our
investigations.

In our investigations as to the conduction
velocity of P wave to compare with normal and

the patients with 1.D.H., we resulted in not
the delay of the conduction velocity of the
shortest latency but also resulted in the delay
of the conduction velocity of the longest
latency with statistical difference on the
involved legs in the same patients with I.D.H,,
Fig 8 shows F wave of both normal and involved
legs which were obtained from the extensor
digitorum brevis by stimulating the peroneal
nerve in the patier'ts with I.D.J.. It is
marked fluctuation of the latency of F wave in
the involved legs.

The sciatic nerve consist of the L4. L5 and S1
nerve roots, that is, so called multisegmental
innervated fibers.

At the damaged site of the sciatic nerve, the
pathophysiological changes of the nerve fivers
should be axonostenosis or axonochachexia as
proposed by Bauence.

Some stimuli would pass through the normal
fibers which would demonstrate a almost normal
I" wave with shorter latency and others would
pass through the damaged fivers in the sciatic
nerve which would demonstrate a deteriorated

I wave with somewhat longer latency than normal.
As far as the maximum conduction velocity was
concerned, there was no difference between the
patients with I.D.H. and normal subjects.

On the other hand, the minimum conduction
velocity showed a marked prolongation in the
patients.

From these results it is inferred that the
damage occurred in the smaller rather than
larger motor nerve fibers.

normal side affected side

T _ |acouv
Io?laeocUUV 10msec
Fig8. F-waves derived following stimulation given
to the Peroneal N. at the knee of the

affected and the normal side of each
same case with I.D.H.
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P Parker Log Nonlinearity in Proportional Myoelectric Control

INTRODUCT ION -

A myoelectric stochastic process, E(t), is
zero mean which rules out the use of linear
processors in the prosthesis control application.
Typically a rectifier is used such that a signal
moment proportional to contraction level may be
obtained. The variance of the moment estimate is
a limiting factor in the performance of such
control systems. For on-off systems this is usu=

ESTIMATION ERROR
Given log |E(t)]| where the statistics of
the stochastic processes s(t) and w(t) are
known then the Kalman estimator is obtained,
[2], such that
S(t) = s(t) + e(t)

m 2 .
where the variance, 0 °, of the error e(t) is

g —————, £ ¥ o S

then.s(t) has a range of [0, log SNR] where

SNR = ¢ /¢y- Now with a range on 8 of [0, 6 ]

and wit : o
6 = k]s(t) or 8 = kzc(t)

where kI and k2 are cqntrol gains it is seen

that

ky o k, sNR™! Tog SNR

| the percent error for any value of c(t) is REFERENCES
cqystant. For a kg = 0.2 the percent error is
LOG NONLINEARITY IN PROPORTIONAL MYOELECTRIC CONTROL E 20%. This characteristic Is evident in Figure 2 1. Kreifeldt and Yao, ''A Signal-to-Noise
l which shows c(t) and &(t). Investigation of Non-tinear Electromyo-
) ¢ . raphic Proc gl -
P. Parker , H. Evans and R. Scott QUTPUT VARIABLE ?972' »essors » IEEE BME-21, No. 4,
¥ Tniversity of New Brunswick, Bio-Engineering Institute i It is i . '
N.B. Telephone Company, Fredericton, N.B., Canada Is interesting to compare the error in 2. E ; :
[ a prosthesls output variable, 6, when control- fZ:nZ’Ptiggigﬁg::]Sﬁo;;iezzlgnaé Processing
! led by ;(Ez or §(t). If c(t) has a normalized System' Proceedingsyof Can;é?ano;;QOI d
ran v : ' i o
max?e o » ¢ /€l where ¢ and ¢ are the Biol. Eng. Conference Lo, August ? 8
mum and minimum values respectively of c(t) e » August, 1960.
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ally not too severe. However for proportional determined by the variance, o “, of w(t) and Th ) 2 2 :

| ) . 4 ) 1 4 ” i € mean- squ

} prosthesis control the information or control the Kalman filter parameters. Thus the vari- TS systemg ::2 R Ao and e ot esE

I signal, c(t), is continuous over some range and ance 0% is constant and independent of the : ;@

i the variance in the estimate of c(t) is of more instantaneous value of s(t) while the percen- 2 "2, 2 2 2

| = -2 . Wi

I tage variance is a function of s(t). This cha- & S El{s(t) - 8(t)}7] = ki 9 T /

concern.
LOG NONLINEARITY

For proportional myoelectric control it is
useful to use the model for E(t) suggested by
Kreifeldt and Yao, [1]. It contains the signal
c(t) explicitly in the form

where n(t) is a stationary unit variance myo-
electric process. This product form for E(t) is
transformed to an additive form by a rectifier
followed by a log nonlinearity, i.e.

log c(t) + log |n(t)]

log |E(t)]
= s(t) + W(t)

where s(t) = log c(t) is the transformed con-

trol signal and w(t) = log [n(t)| is an addi-

tive H?ISE process. It is now posa:blq Lo app- ) ) . CONCLUS | ONS =0
ly optimal linear estimators such as the Since 0" is a constant the second expected

Kalman or Wiener filter to estimate s(t). value will also be a constant, say k,. To The absolute value of the error in & 5. b

These estimators were investigated in this
application by Evans et al, [2]. This paper
further considérs the estimation errors in
this estimate §(t) of s(t) and in the esti-
mate €(t) of c(t).

racteristic is evident in Figure 1 whicE shows
s(t) and its estimate §(t) (Uez = .03 V°). An
interesting property of the 16g nonlinearity is

_that g is ‘independent of the value of~0n and

dependg on the form of the probability density
of n(t). : . :

Using the antilog an estimate &(t) of c(t)
is obtained, i.e.

&(t) = Alog §(t) = Alog [s(t) + e(t)]

c{t) exp [2.3e(t)]

and the estimate mean square error is

5 (s - )] -

E[cz(t)]E[1 -2 exp<2.3e(f)) +

+ exp(h.Ge(t)) ]

evaluate k., one must know the probability
density function for the antilog of e(t).
Using a Gaussian approximation for this den-
sity it is straight forward to show that kg =
= 0.2 and hence

82 = 0.2 E[czlt)]

From this result is can be seen that the
error in ¢(t) is proportional to c(t) and that

2 2. A 2 i '
and 0, = k,2El{c(t) = &(6)}7] = Kk, ZelcA (1))
Now consider the ratio R,

R

2’ 1%
SIWLL,

2_2 2 ¢ -
ki, Tkgk, EL?(1)]

deZSNRz/(kOE[cz(t)] IOQZSNR>

If we let c(t) have a uniform probability
density then R becomes

R = 3062/(k ]OgZSNR)

0
with o.% = 0.03 V2, SNR = 50 and k, = 0.2
(Gaussian density for antilog e(t)? gives

R = 0.16. Measurements show k, to be appro-
ximately 0.1 giving R = 0.31.°

2

the estimate of log c(t) is independent

of ¢(t) and the percent error is inversely
proportional to c(t). The absolute error

in the estimate of c(t) is proportional to

c(t) and . the percent error is constant. In

Ehe control of anm output variable the use of
$(t) shows a somewhat lower output error than
does the use of &(t). However the desirability
of a log characteristic for the output variable
has not been considered.

c(t)

. - /_\/\/\/\
- ]

st)
(volt)

AT e AT

Figure 9

s{t) and Lts corresponding Kalman filter estlmate, s{t)

4—————— | second — —————p

Flgure 2

Typlcal c(t) and its Antiloy Kalman filter estlmate




8o

ZDRAV VESTN 51 /1982/ - 5th CONGR I.S.E.K. LJUBLJANA 82 81

Z4DRAV VESTN 51 /1982/ - 5th CONGR I.S.E.K. LJUBLJANA 82

THE USE OF ORTHOPAEDIC APPLTANCE FOR CORRECTING FRONTAL BODY SWINGING OF PATIENTS WITH

INFANTILE CEREBRAL PARALYSIS (ABST)

SEMENOVA K.A., ZSHURAVLEV A.M. ZAREZANKOV V.G., Pe PERHUROVA I.S.

Functional electrostimulation of mucles
is ever widely used in treating infantile
cerebral paralysis.

For example, successful correction of
abnormal 1leg movements has been achieved
by muscle electrical stimulation, which
to a great extent facilitates the walking
function.

But movement disorders in case of infantile
cerebral paralysis are manifested by discoor-
dination of lag movements as well as by
pathological body swinging on the sagittal
and frontal planes in the procese of walking.
Normalization of sagittal body swinging
is possible as a result of treatment,
including surgical treatment. It is by mo-
re difficult toc correct frontal swinging
which is the result of complex interaction
of the muscles of body and pelvic gurdle
under conditions of pathological muscle
tonus.

In case of normal walking body swinging
on the frontal plane does not exceed

2 5°, while in many patients with infantile
cerebral paralysis it 1is increased reaching
in difficult cases b 300. ‘These movements
are conditioned by muscle distony in the
body and pelvic gurdle.

Intentional correction of the swinging
by the patient 1is impossible because of
the motor pathology.

We have developed an electric orthopaedic
appliance for correcting pathological
frontal body movements in the process
of walking. The set of the orthopaedic
appliance consists of: portable 2-channel
electrical stimulator, two pairs of electro-
des, a sensor of frontal body swinging,
bracings and wires.

The electrical stimulator with the battery
weighs 250 gram, has the size of
33x75xx158 mm and produces series of electri-

cal stimulating impulses with the amplitude
of 256 - 70 V with the maximal instant
power of impulses up to 30 VA, the period
and duration of impulses are equal to
10 - 25 ms and 30 - 300 mcs correspondingly.
The latent period and duration of stimulation
are equalto 0 - 0,5 and 0,2 - 2,0 s corres-—
pondingly.

The electrodes have the size from 20x20
mm2 to 40x250 mm2, they are installed

in clinically conditioned combinations
on muscles: quadriceps, middle gluteal,
latissimus muscle of Dback. The sensor

of  frontal body swinging contains two
adjustable contactors that react to swinging
relative to the horizontal line.

The sensor 1is placed on the patint® s
back and in case of body swinging that
exceeds a certain prearranged value it
provokes the switching of the correspon-
ding channel of electrical stimulator
and thus it excites muscles that reduce
frontal body swinging.

2 orthopaedic appliances have been tested
on 22 patients during 2 hours of walking
daily for a month.

The clinical results have shown reduction
of pathological amplitude of body swinging
on the frontal plane during walking,
incrense of stability, ameliortion of
biomechanical parameters of walking,
facilitation of walking and subjective
feeling of motor comfort in patients.

THE BIOMECHANICAL MODEL OF THE MAN’S LOWER LIMB SKELETON

____Dejan_ Popovié, Faculty of Electrical Engineering, Belgrade

Introduction

Gait analyses of the hiped is an interes-
ting problem for the kinesiolodgy as well as for
the robotics. The computer-aided methods are based
on the multi-link rigid body dynamical model of
the antropomorphic mechanism /1,2,3/. The segment
number depends on the main goal of the investiga-
tion and desired accuracy. The model of each lower
limb is usually adopted as e three-link rigid body
system connected with the ball and pin joints (Fig.
1). The accurate analysis is possible for the de-
termination of external forces (ground reaction)
and kinematics determination, but not for the in-
ternal forces and torques as well as for the real
mechanism of motion of the living system.

Fig. 1 The dynamical model of the
: -man’s leg (rigid body)

Basically the theory of machine and mechanisms is
developed on elements which are not the biological
ones, i.e. the vheel is one of the principle ele-
ments of motion, sliding curve mechanism is the ge
nerator.of translatory movements from rotation and
none of these are to be found in the motion of a-
nimals or men.

The robotics rises up from multi-link rig-
id body mechanics, theory of machine and mechani-
sms, control theory and it implies the development
of medical robotics, gait analyses, rehabilitation
engineering etc. The computer-aid cannot reach the
problem of real identification of the gait parame-

ters so far.

The prosthetic and orthotic requirments bro-
ught in the idea to synthetize the useful, not c-
omplicate model of the biological structure. The
author believes that the role of the foot and the
double ankle joint as well as the polycentricity
of the knee and hip joint must be built in the mo-
del for kinesiologic investigation.

The biomechanical model of the man’s leg

The five-link model with deformabile segmen-
ts has been adopted as the model of the single
leg (Fig. 2)e

’
Fig. 2 The biomechanical model of the
man’s model

Such an mechanical structure is assumed be-
cause of the areal ground contact (not just the
point foot-ground contact); the movement in the
ankle belongs to two joints (articulario talocru-
ralis and articulario subtalaris et articulario
talocalcaneovanicularis); and the knee polycen- [
tricity with the mass time distribution of the
muscles results in the changeable inertia tensor |
and segment length.

The corresponding mathematical model, based
on the principles of mechanics could be expres-
sed in the form: '

B >
mefp = Ry Rk mg
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d > > 5
aelldup)= A+ H
MY >
merg = R + Ryy + mgg
d. AT >
E?([Jélws)— MK + MUA
3 >
matp = “Ryp * ?LA * mag

d N "
arlalog)= Hy, + ¥,
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where indicies are: T-thigh, $- shank, F- foot,
TT - tiptoe, G - ground, A = ankle, K - gnee,H =
hip, L - lower, U - upper. The notation r,is for
the positi%n vector, iQQ inertia tensor,w =~ angu-
lar rate, - forces, M™F muscle couples, m - ma-
sses and v velocity.

The main difference from the hitherto model
is that thé inertia tensor J is a nonconstant pa-
rameter, .and that in geometrical equations:

* _ > +2 T al >
T T e TMTTotT 0 TR T e T LeTor o
T L 5 i l -

AT e T RFToF » s T At Agrog s
> > syl > > ol -
"K=FA™ Ssfos > P71 = Tk ¥ A1

> > >

ry=r, +L

H™ 'k ™ "TfoT »

QQ and L are variable appropriate lengths of the
I Tnks. TRe r is. the unity vector of the segment
principle ax?deirection. The deformation of the
foot is assumed to be known.

Two problems of mechanics were solved. Fir-
st, the gait activities of the biped were given by
the angles between segment directions and orthogo-
nal nonmoving coordinate axes, and ground reacti-
on (GR), joint torques and centre of pressure (GP)
displacement from the zero moment point (ZMP) we-
re determined. Secondly, the kinematics of the ga-
it were andysed starting with the known musccle
couples, and other necessary data. The upper part
of. the body was adopted in the form of two segme-
nts connected with the ball joints. ’

The movings of the leg, even in the simple
Jocomotion activities (such as ground level walki--
rng at the average speed) are very complex.

The dynmamic analysis was done on different
locomotor functions in order to understand the ad-
vantages and drawback of the intrbduced lower 1imb
model .

Results and Discussion

The normal gait dynamics was chosen for the
presentation. The detail Selspot and photo-cammera
measurments were takenwith instantaneous applica-
tion of the tenzo-platform and on a line computer
/3/. The data acquisition is prepared (lengts cha-
nges, inertia tensor, the knee joint moment pole
of rotation position, the foot deformation etc.),
and computer-aided anaiyses of dynamics realised.

‘The assumption for the left-right ground re-
action distribution during a double support phase
was adopted due to experience and experimentation
/2/.

The comparative analysisof the experimental
and numerical results obtained by the application
of the rigid body dynamical model and the model in-
troduced in this paper has been made. Thé space 1i-
mits of this paper imply that just the GR and dis-
placement CP-ZMP are presented (Ftg. 3).

It is easy to point out that through imple-
mentation of the biomechanical model “etter agree-
ment with the experimental eesults exists. Second-
ly,it is interesting to show that ZMP during gait
activities does not belongs to the support area in
the single support phase of the gait cycle. That
means that during bipedal locomotion activities the
body is in unstable position, and by a muscle act-
fon the desired part of the body moves in order to
bring the bipedal structure in stable state. Just
by slow motion the ZMP belongs allways to the sup-
port area. Normal gait, turning around the verti-
cal axes, sitting down, standing up, slope walking,
running and plenty of other normal activities bel-
ong to the above mentioned class of nonstable-sta-
ble transitions.
+\.Y.7 [Nviod)

o4 P Tl

8

21 .
Fig. 3 The ground reaction forces
1-experimens,2-numerical results
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The complexily of the model, i.e. the number
of links, many varyable parameters and necessity
for numerical derivation is the basic drawback of
the model presented.

Conclusion

The new modelling approach of the man’s low-
er limbs is presented. The biomechanical model
rises up from the bipedal functional anatomy and
physiology of the locomotion activities. The gait
analysis and functional rehabilitative assist]ve
devices synthesis /4,5,2/ were the main goals for
the investigation and introducten of the new dy-
namical model,

The biomechanical method involves the biolo-
gical mechanism of movement, not the simple mecha-
nical one. The non-numerical control is to be ap-
plied to the eventual attempt of the gait repro-
duction of the man-machine system /6/.

The better accuracy and agreement with the
experimental results is obtained due to introdu-
cing of the functional movements.

Thus, the preliminary presentation is the e-
lement in the new man’s dynamical model which ta-
kes into account the visco-elastical properties
of the skeletal constraints, polycentricity of
the joints, the deformation and bending of the
body Tinks and some other biological characteris-
tic. )
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Fig. 3 The CP~ZMP displacement during
ground level walking
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COMPUTERTIZED EMG-ANALYSIS IN CVALUATION OF BELOW-KHEE ORTHOTICS

M.J. WICHERS, M.D., RESIDENT IN REHABILITATION MEDICINE

OLject of study: Assessment of the influence of
various settings of a conventional double-bar
ankle-foot orthosis on lower leg muscle function.
Muscles studied by way of surface EMG are:

M. tibialis anterior, M. peronaeus longus, M.
gastrocnemius lateral head, same muscle medial
head and M. sbleus. .

If on a sigrificant number of subjects a certain
setting ¢f the ankle joint would produce the
same type of change in EMG of the muscles
recorded, this might elicit the way orthosis

influence the gait.

Methods: A subject is equipped with surface EMG
electrodes on the muscles mentioned on both lower
‘legs. He or she wears sports shoes, provided with
heel and toe contacts, in order to identify stand-
and swing phase left and right,

iOver the shoe a conventional double-bar below-
knee orthosis on a foot-plate is firmly attached.
As the ankle joints of the orthosis allows for
inserting at will of dowels or springs to produce
stops or assists, the action of a conventional
brace is achieved. The position of both ankle
Joints can be adjusted horizontally and vertically.
The subject walks on a treadmill. Eight runs of
?over 60 steps are registered, the first and the
last run being without orthosis, run two through
seven representing different settings in random

order.

The registration is recorded on magnetic tape

and re-recorded to be processed in a computer.
The computeérized processing permits calculation
of integrated EMG values per time unit (i.e. per
stand phase, swing phase or per second during
these phase). '

Also exact time measurements can be prosessed in
order to study changes in walking rhythm related
to the setting of the orthosis. Furthermore the
number of zero-passages of the EMNG-sighal is
computed.

This computer programme allows for interrelating
various aépects of muscle function in orthotic
gait. Tables and graphs need no longer to be
drawn by hand. Quantification of the EMG-signal

obtained is nog done by subjectively overviewing

‘a picture on a monitor or an ultra-violet print.

These advantages of computerized processing how-
ever do present an immense challenge to record
the experiments with the absolute minimum of

signal noise, hum and movement artefacts.

Results obtained: A series of & healthy subjects
was recorded in the summer of 1980. This limited
pilot study showed that indeed a change of the
orthosis did produce some change in integrated
EMG values. Processing was done by a simple
clectronic integrator and computing was pain-
stakingly done by hand. After that computer
processing was initiated. We recorded a new
small series of healthy persons which is

currently being processed.

Regardless of the results of the healthy group

M Wichers Computerized EMG Analysis in Evaluation of Below-Knee

we are planning to do similar experiments, with
hemiplegic subjects, since the clinical interest
of our project is - apart from getting
acquainted with computer processing of EMG -
primarily in orthotics as a part of patient care
in rehabilitation.

Conclusions: Thus far we have not drawn final
conclusions.

Even if no significant influences of the
different orthotic settings can be demonstrated
computer processing of the EMG-signal is in our
opinion a useful tool in gait or movement

analysis.

Author's address:

Rehabilitation Dept., building D
State University Hospital
Rijnsburgerweg 10,

2333 AA Leiden, The Netherlands.

Experiments performed in:
Laboratorium voor Bewegingsanalyse
(Movement Analysis Laboratory),
Mezenstraat 2A, 2333 VT Leiden.

Orthotics
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EFFECTS OF JOINT IMMOBILIZATION CN MUSCLE ELECTRICAL ACTIVITY DURING WALKING

A;S, VITTENZON, K.A.PETRUSHANSKAYA, USSR, CRIP

By means of a specially designed
orthopaedic devices we have studied
effects of immobilization of ankle
and knee joints in sound subjects

on electrical activity of shank and
thigh muscle under conditions of
various walking speeds. It has been
found that joint immobilization leads
to vivid decrease and redistribution
of electrical activity during the
locomotor cycle. This activitiy
decrease is more vivid in case of
one-joint muscles rather that two-
joint muscles and in case of slow
and moderate walking speed, rather
than fast one. When the walking speéd
is increased the stated activity
changes are smoothened. We suppose
that the decrease of muscle gcp1v1—
ty during walking under conditions
of joint immobilizetion results from
a weaker afferental current from
muscle spindles to the central
nervous system.

The obtained data stress the necessity
of special muscle training when using
orthopaedic appliances that evoke
looking of leg joint in the process

of walking. Such training may be )
performed by means of muscle electri-
cal stimulation during certain

phases of the locomotor cycle.

e e c———————————
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MG PATTERNS IN NATURAL AND SLOW SPEED TREADMILL WALKING

. David A. winter, Ph.D.,P.Eng
Jaynie F, Yang, B.Sc. (PT)
Department of Kinesiology
University of Waterloo
Waterloo, Ontario, Canada - N2L 3Gl

INTRODUCTION

. Electromyography has become a well estab-
lished technique in- the assessment of neuropa-
thies and myopathies. 1In many gait disorders
such as cerebral palsy and hemiplegia the EMG
patterns during the walking stride are a prime
indicator of an .abnormal motor pattern. Such
patterns aré closely related to thé cause of the
pathological walking pattern we observe or
measure.- Figure 1 demonstrates the complexity
of the ‘diagnostic problem. During staince, as
illustrated, the momehts of - forée at the ankle,
knee and hip all control. the knee angle, and
therefore many combinations of: moment patterns
could result in the same knee angle pattern.
Similarly, - an equally large number of muscle
force patterns could be responsible for the net
moment of force at each Jjoint. Thus it is
extremely - important -to have a good direct
measure. of tgz.‘motor pattern of each muscle
group, and this best estimate is given by the
mG. ]

MUSCLES INFLUENCING KNEE ANGLE DURING STANCE

Masor MuscLes MomenTs of Force

[L1oPSOAS

GLUTEUS MAXIMUS
SEMI TENDINOSUS
SEMIMEMBRANOSUS

My
Biceps FeMoRIS
SARTORIUS
E RecTUS FEMORIS
VASTUS MEDIALLS Mk l:1> KNEE ANGLE
. VASTUS LATERALIS
| VasTus INTERMEDIUS
, GASTROCNEMIUS
; SoLgus
TIBIALIS POSTERIOR Mg
PeRONET .
TIBIAL1S ANTERIOR Figure 1

A processed version of the raw EMG that more
closely represents thé force pattern is desired,
and this "is found in the 1linear envelope.
Regardless of which EMG signal (raw or linear
envelope) is used there appears to be several
major shortcomings in the diagnostic process:

.. (1) Many clinicians compare only the phasic
activity of the muscle and ignore the level -of

activity over the contraction period,

(ii) Comparisons are usually made with those
patterns obtained from adults walking at their
natural cadence rather than with a population
walking at a much reduced cadence moie represen—
tative of the patient population,

(iii) No effort has been made to account for
the large between-subject variability. )

. The purpose of this paper is to present tech-—
niques to overcome these shortcomings and
improve the diagnostic process,

METHODS

Eight normal subjects were assessed using
surface electromyography on five muscles during
treadmill walking at natural cadences plus slow
speed (1.75 miles/hr) and very slow speed (1.25
miles/hr). The EMG and footswitch signals were

transmitted via a multi-channel biotelemetry
system and their linear envelope signals (Fc = 3.

Hz) were analysed over a 32 second walking |

period. The ensemble average over the stride -

period was calculated for each subject, muscle
and speed, and the coefficient of variation =
(average standard deviation over stride + mean
EMG level over stride) was calculated.

. Normalization techniques to average these
patterns acress the subject population resulted
in a considerably yeduced variance when each
subject's average EMG level over the stride was
set to 100%. The ensemble average of the
patterns for the 8 subjects was then calculated
for each muscle and speed.

RESULTS AND DISCUSSION

Figure 2 is the ensemble average of the five

muscles for the eight subjects walking at their
natural cadence. The level of activity for each

muscle had an average over the stride period of

100%, thus for some periods of time the activity
may have been at 300%, indicating three times

its average level. The coefficient of variation

(CV) is listed under each muscle's name.

Table 1 gives the coefficient of variation of °

the ensemble average for each muscle and speed
and Figure 3 presents the average ensemble
pattern at the three speeds.

From Figure 3 we see that the soleus
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Table 1

Coefticient or Variation ot Ensemble Average

Speed Natural Slow V. Slow
Muscle
Soleus 29 30 32
Tib. Ant. 51 43 48
Bic. Fem. 53 63 73
Vast. Lat. 53 74 87
Rect. Fem. 44 57 78

decreases 1its activity by about 30% as the
subjects slowed down but the pattern remains
essentially unchanged, The tibialis anterior
also underwent a similar reduction at weight
acceptance presumeably because the slower
velocity required less dorsiflexor force to
lower the foot to the ground after heel contact.
However, during swing the tibialis anterior had
the same level indicating that the forces
required to dorsiflex the foot against gravity
to clear the ground are not speed dependent.
The biceps femoris had about a 50% reduction
pointing to the need of lower hip extensor
torces at weight acceptance (that assist in
reducing knee flexion) and also a similar reduc-
tion at the end of swing to decelerate the
swinging leg and foot. Vastus lateralis and
rectus femoris both reduced their activity by
about 70% in both stance and swing indicating a
marked reduction in knee extensor forces during
welght acceptance and during initial swing.

The coefficient of wvariation (Table 1)
changes with speed are indicative of the flexi-
bility (adaptability) of that muscle during
walking. The soleus and tibialis anterior are
quite consistent as we slow indicating that the
decrease in mean level is accompanied by a
similar decrease in variability. The muscles
acting across the knee and hip however increase
their wvariability proportional to the mean.
Such variability is indicative of the tremendous
flexibility of the hip and knee muscles that was
alluded to in the opening comments relating to
Figure 1. -
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PREDICTION OF ANKLE MOMENT IN NORMAL WALKING FROM EMG AND KINEMATIC VARIABLES

Sandra J. Olney, School of Rehabilitation Therapy, Queen's University, Kingston, Ontario, Canada

INTRODUCTION )

Joint moments generated by the muscles dur-
ing walking have most commonly been calculated
using a link segment model and Newtonian equa-
tions. Attempts have been made to determine in-
dividual muscle or muscle group contributions to
the net moments. One such approach involves the
use of a mathematical model and selection of basic
criteria in order to choose from a large number
of possible solutions (1). A second approach
which has been used on simple movements has in-
volved the development of a deterministic model
using processed EMG as an input variable (2), and
commonly includes functions accounting Ffor muscle
length and speed of contraction of the muscles
involved.

The purpose of the study was to develop and
validate a deterministic model for calculation of
ankle moments from EMG and kinematic data.

METHODOLOGY
The full model (Model 4) evolved was:

M(t)=k) | E) (£) (1+k, [8()~q1-kw(t))

1171
-[k (t)(1+k2[62—9(t)]+k3w(t))]

1252
when M(t) was instantaneous moment about the an-—
kle; E;(t) and E, (t) were instantanéous ampli -
tudes of processéd EMG from tibialis anterior and
soleus muscles; 6. and 8, were angles at which
static calibrations were conducted to derive
static force/EMG relationships for cach muscle
group; 8(t) was instantaneous ankle angle; w (t),
instantaneous ankle velocity; k., and kl were
constants relating EMG to forcej k, and ﬁ were
constants accounting for force/ang%e and %orce/
velocity relationships.

In Model 1, the static model, k. and k
were set to zero. Model 2 included the effects
of differénce in angle when compared to the angle
of calibration in addition to the static force/
EMG relationship; k, was therefore set to zero.
Model 3 included thé effects of angular velocity
in addition to the static force/EMG relationship;
k2 was therefore set to zero.

iDavid A. Winter, Department of Kinesiology, University of Waterloo, Ontario, Canada

Calibration contractions were performed by
each of the four subjects while seated on a high
chair with the foot firmly held. Without elicit-
ing co-contraction the subject activated the mus-
cle group repetitively, simulating the EMG ampli-
tude and frequency of repetition that was char-—
acteristic of his/her normal walking. The EMG
and force exerted on the apparatus were sampled,
A/D converted and stored on magnetic disc. TFol-
lowing rectification the EMG signal was filtered
using a single pass of a second order Butter-—
worth low-pass digital filter varying the cut-off
frequency until a correlation with the force sig—
nal yielded optimal values. This frequency was
derived for cach muscle of cach subject and sub-
sequently used to process the EMC sigrnals ob-—
tained during the walking trials. Linear regres-
sion of force on processed EMG yielded constants
k11 and k12'

Walking trials included simultaneous collec—
tion of 16mm cine film, force plate and EMG data.
The film and force plate data were processed and
analysed to yield instantaneous angles, angular
velocities and moments of the ankle. The EMG
was processed using the optimal cut-off frequency
obtained from the calibration contractions.

Inserting k 1 and k into each model, k2
and k, were itera%ed to yield minimal root mean
square (RMS) errors between predicted resultant
moments and moments obtained from the link seg-—
ment analysis.

RESULTS

For all subjects the optimal cut-off fre-
quency for the digital low-pass filter ranged
between 1 Hz and 1.4 Hz for the soleus muscle.
For tibialis anterior, the lowest optimal cut-
off was 1.6 Hz and the highest 2.0 Hz. Optimal
force/EMG relationships derived from the isomet-
ric calibration contractions ranged between .92
and .98 with a mean of .97.

Plots of the input variables, namely the
ankle angle, ankle angular velocity and pro—
cessed EMG of soleus and tibialis anterior ob-—
tained during the stance phase for one subject
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are shown in Figure 1. The effectiveness in pre-
dicting the resultant moment when using cach
model is shown in Figure 2. The full model
yielded a RMS error in prediction of 7.9 N.m.
In most trials the use of the angle constant
with the basic force/EMG relationship reduced
the error to near the values achieved for Model
4. Enough exceptions occurred, however, to pre-
vent generalization. A table of constants and
RMS errors for the full model in each of the
trials appears in Table 1.
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gait and used in models, Figure 2.

DISCUSSION

The algebraic sum’ of predicted moments fol-
lows closely the true resultant. Small varia-
tions are probably due to non=representativeness
of the selected muscle. Model 1 demonstrates the
errors if EMC slone is used; roments ave under-
estimated when the muscle is lengthening and
wverestimated for the shortening muscle. ‘Although
the variability of constants precludes the use of
an average value at this time the method provides

considerable potential for further development.
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Figure 2. Predicted moments and true resultant
moments obtained from each model.

Table 1. Optimal constants and RMS errors be-
tween predicted and true moments at the ankle
using full model.

SUBJECT  TRIAL K2 K3 RMS ERROR,N.m
WN99 B .041 .0022 7.5
- WN99 C .033  .0022 7.9
WN79 F .062 .0023 3.2
WN79 H .038 .0018 9.5
WMO1 M .020 .0030 6.2
WMO1 N .014  .0037 8.1
WMO2 A .006 .0026 5.6
WMO2 B .023  ,0010 7.0
REFERENCES
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ACTIVITY OF THE MUSCLES OF THE LEG AND FOOT-FLOCR CONTACT PATTERNS DURING
NORMAL WALKING

Joop E.M. van der Streaten, M.D., Ph,D,, Department of Anatomy, Katholieke Universiteit

Nijmegen, Nijmegen, the Netherlands.

van der Straaten, J.H.M.j 1980,
Evaluation of walking.In: Disease
evaluation and patient assessment in
Rheumatoid Arthritis, eds. T.E.W.
Feltkamp end J.K. van der Korst,
Stafleu, Alphen a/d Rijn.

ABSTRACT

Using surface electrode-amplifier
moduleag(van-der Lochts et al., }980)
the electromyogram of gastrocnemius,
soleus, anterior tibielis, extensor
digitorum longus and peroneus muscles
of both legs are recorded during gait.

Simultaneously the foot-floor
contact pestterns are recorded (van
der Straaten, 1980). \

Twenty normal adult subjects were
tested, while wearing their own shoes,
shoes with a "negative heel" and
shoes of a classical model. )

Special attention has been_pald to
the heel contact time and sole contact
time in relation to muscular activity \
in the three different "shoe-situations!

The results indicate that there is
no statistical significance in the
rations of heel contact time versus
sole contact between the three situa-
tions. When these rations are combi-
ned with the electromyographic
activity of certain leg muscles, some
differences can be observed, although
statistical significance is only at
1 low level. _

‘The results contradict the frequent
stated thesis, that small differences
in height of the heels will influence
the actusl forces in statics and
dynamies of the low back. The conslu-
sion of this pilot study is that, if
there is any influence on the actual
forces, this will be absorbed in the
kinematic chain formed by the foot,
leég and thigh, so that the low back
will not be affected by these minor
differences in normal subjects.

REFERENCES

van der Locht, H.M., van der
Straaten, J.H.M. end Vredenbregt,J.;
Hybrid emplifier electrode module for
measuring surface eleqtromyographlc
potentials. Med.Biol.kng.Comput.l8,
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MOMENT AND WORK OF THE CALF MUSCLES IN WALKING ON AN INCLINE, DETERMINED WITH EMG PROCESSING.

A.L. Hof and Jw. van den Berg, Lab. for Medical Physics, State University Groningen, Bloemsingel 10,

The Netherlands.

INTRODUCTION

In level walking the calf muscles, M.M. soleus
and gastrocnemius, exert a moment during almost
the whole stance phase. In the first (and usually
greater) part of stance the ankle is dorsiflexed
and negative work is done on the muscles, This
is followed by a quick plantarflexion, the push-
off, in which the calf muscles perform positive
work (3). According to many authors the main
function of the calf muscles in the dorsiflexion
phase is to slow down the forward velocity of
the body (4). The function of the push-off is
less clear. In the view of a.o. Cavagna and Mar-
garia (1) it serves to push the body forward and
upward.

When walking uphill, positive work has to be
done in each step to raise the weight of the
body. In downhill walking the moving body has to
be slowed down. Walking uphill should therefore
result in increased muscle activity in push-off,
while in downhill walking the activity in the
dorsiflexion phase should become more prominent.

METHODS

A pilot experiment was done with two male

‘subjects, A and B (age 32/23 yr, mass 91/69 kg,
stature 1.92/1.77 m, leg length 1.00/0.94 m,

respectively) . They walked on a treadmill with a
speed of 1.00 m/s at gradients of 0, + 5, + 10,
+ 15 and + 20%. The steplength was left free. It
turned out not to vary much with slope, subj. A:
0.70-0.76 m, subj. B 0.56-0.63 m. EMG was recor-
ded by means of surface electrodes, ankle
position by means of an electrogoniometer.
Moment and work of the calf muscles were deterx-
mined by EMG to force processing (2). For norma-
lization the work W has been given per kg of
body mass, W/m, and the moment M as a fraction
of - the reference moment M , the moment in
quiet 'standing on one leg with the heel just off
the floor.

RESULTS
Part of the effects in question can be ob-

sexved by a mere inspection of the raw EMG in
relation to the ankle angle ¢ (Fig. 1). In down-

hill walking there is a continual EMG activity
during the whole dorsiflexion phase. Walking
uphill there is virtually no EMG in the first
part of dorsiflexion but a pronounced burst
before push-off.

EMG to force processing yields quantitative
results. The moment M in downhill walking is
about equal to the reference moment (dashed line
in Fig. 1) during the first phase of stance.
Combined with an extensive dorsiflexion; this
results in an appreciable amount of negative
work (W™/m = 0.4 J/kg at -20%). In level and
uphill walking the moment during dorsiflexion is
smaller and lasts shorter, W /m therefore de-
creases gradually with increasing slope down to
ca. 0.1 J/kg at +20%.

The moment has a maximum, M , at the onset
of push-off, which increases 'frlr:lor}n( M ~ M
(no peak) at steeply downward slopes. fo a -
pronounced peak with M /M = 1.5 to 2.0 at

a slope of +20%. The vaiue %or level walking is
halfway in-between. The pnsitive work Wt/m is
low (0.1 J/kg) downhill, but increases sharply
for uphill walking, to 0.5 J/kg at +20%.

The effects described are also reflected in
the registrations of the muscle power P. At
negative slope there is a prolonged negative P,
due to the slowing down action of the muscle.
The push-off corresponds with a positive peak
in P. It is curious that this peak increases
only twofold in height, from 150-300 W, while
Wt increases from 8 to 44J (at 0% and +20%
respectively); the greater work is largely due
to a longer duration of the effective push-off.

DISCUSSION

In spite of their modest size these experi-
ments provide a few quantitative data which were
not available so far. The results are in accor-
dance with the assumed functions of the calf
muscles in both phases of stance, as put forward,
in the Introduction. Following the indicated
line of thought may eventually lead to more
direct evidence.

93

A Hof et al Moment and Work of Calf Muscles in Walking on Inclinewith EMG precessing

time e
{1s)
EMG
soleus 'Wﬂ“" —W‘—‘ —‘M— —"W_
EMG . . hd [ Y %
) -ﬂwmuﬂmdhmﬁu———- e A ,J‘HV -
gastro- ! !
cremius

u S
(Nm) 103[ M/"‘ U

M 100
(Nm) L’"“’ﬂ Y

P
(W) 10

slope -20 -10 0 +10 +20°%,
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b, angular velocity of ankle; P, muscle power = Mb.
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CHANGESAEE‘ELECTROMYOGRAPHIC PATTERN OF GASTROCNEMIUS MUSCLE WITH GAIT WALKING SPEED

Richard Shiavi and Paul Griffin, Research Service, Veterans Administration Medical Center

and Department of Biomedical Engineering, Department of Orthopedics & Rehabilitation,

Vanderbilt University, Nashville, Tennessee

INTRODUCTION

The population variability of electromyo-
graphic (EMG) gait patterns and changes affected
by walking speed are important normative data,
and has been reported recently [1]. This report
presents the results of a quantitative procedure
for analyzing these various patterns and for
associating them with different walking speeds.

METHODOLOGY

Measurement

The foot-contact sequences and the surface
electromyographic patterns of lower extremity
muscles were measured previously on twenty-five
(25) normal individuals over a range of self-
selected walking speeds [1]. Ninety-five (95)
natterns from the gastrocnemius muscle were
analyzed.

Pattern Analysis

‘ The patterns were analyzed using factor and
-cluster analyses. The gait cycle is divided
“into sixteen (16) equal time segments and each
"EMG pattern is depicted by a sixteen element
vector. The value of the elemental variable is
equal to the ratio of time that the muscle is
active during that segment. The dimensionality
was reduced using factor analysis on the time
covariance matrix (Karhunen-Loeve expansion).
A four dimensional feature vector was required

to account for more than 75% of the variance and

;produce clustering [2].

; The cluster analysis of the patterns was
iperformed by applying a K-means algorithm on the
feature vectors [3]. A decision about the
-significant number of groups is based unon the
R-ratio. It approximates the F-ratio and is a
,measure of the reduction of the within-cluster
variance by using K+l instead of K partitions
(clusters). The ratio is

| e,k i ;
ME [%EN,K'_W)A - IJ (N-K+1) = Fy - (yeke1ym |

where N = # of patterns, M = dimension of
feature vector, and e(N,K} = is the total within
-cluster variance for N patterns and K clusters.
The F distribution cannot be used because the
partitions are formed to minimize e(N,K+l). As
a guideline, values of R which are greater than
10 justify expanding the partition from K to
K+1 clusters.

Analysis of Variance

After the appropriate partition was found, an
analysis of variance of the speeds and relative
speeds (speed/body height) associated with the
patterns in each cluster was performed [4].
Three sets of calculations were undertaken to
test for:

1) equality of group variances using the
Bartlett test and chi-square statistic,

2) equality of group means using the ratio
of between-group (BGMS) to within-group
(WGMS) mean square and an F statistic, !

3) inequality of pairs of group means i
using a Studentized range test. :

RESULTS |

The number of clusters chosen as significant |
was based upon a plot of the R-ratio vs. the
number of clusters. It was found that correct |

‘partitioning with the fewest clusters was formed

for the value of K for which the R-ratio had its
second peak over 10. The second peak occurred |
at K = 7, which means that a partition of 8 i
clusters was suitable. ;

Figure 1 presents the results of the pattern!
analysis. The group number, the average (AVE) !
and variance (VAR) of speed and relative speed,?
the average group pattern and its percentage of,

the total population are tabulated. The

‘patterns are plotted in the order of increasing

speed. The group numbers were assigned
randomly by the clustering algorithms. Listed

:also are the analysis of variance statistics.

'R Shiavi et al Changes in Electromyographic

1) Equity of Group Variances.

The chi-square values are much less
than the 95% confidence level value of 14.07;
thus, the group variances for each pattern are
equal. ' g

2) Equality of Group Means.

The F-ratio values are much greater
than the 95% confidence level value of 2.1;
thus, the group means for each pattern are
different.

3) Inequality of Group Means

The Studentized range for several
pairs of group means encompassed zero at the
95% confidence level. These pairs are indicated
by vertical lines paralleling the respective
group numbers.

DISCUSSION

A general trend with speed exists within
a majority (75%) of patterns. Activity tends
to commence earlier in the gait cycle as speed
increases. Stance phase reduces from.74% to 60%
as speed increases. In fact, at faster speeds
the activity commences during late swing.
Examine the patterns of Groups 4, 8, 3, 6, and
7. Notice that the main phase of activity
always ceases before the end of stance and at
the end of midstance (50%) within the free and
faster speed ranges. The pattern occurring at
the fastest speed (Group 7) has a second phase
of activity during the stance-to-swing transi-
tion. A1l these groups have significantly
different speeds.

SPEET REL SFEED

GROJF AVE VAR AVE VAR
4 0,42 0.4 Gl .02
2| 050 0,05 0. 0,02
= Q.70 0.0 0,4 Q.03
= l0.84 0.14 Q.50 0,05
BI .22 0,12 0,52 0,04
1 0.72 0,10 .57 0,04
£ 1,27 0.04 O.74 0,02
7 1.59%  0.04 0,92 0.01

TEST EQUALITY OF GROUF MEANS

FRATLX 7, Ok
BGME Q, 520w
WGMS 0. 0924

TEST EQUALITY OF GROUF VARIANCEX

CHI =@ 4,396 4,87

95

Gait Patterns of Calf Muscles with walking speed

An important exception to this trend is
the activity of Group 1; it displays a short
burst during midstance. The other two groups
(2 and 5) account for anomalous patterns which
occur very seldom.

CONCLUSION

The EMG pattern analysis of the gastro-
cnemius shows that there are seviral distinguish-
able types. Comparison of the group speeds
reveals that the majority of types occur within
different speed ranges.
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REPRODUCIBILITY OF GAIT ANALYSIS

* %k
T. NORIMATSU, M. FUJITA, N. MATSUSAKA, R. SUZUKI, H. OKUMURA AND T. OKAJIMA.

Department of Orthopaedic Surgery, Nagasaki University School of Medicine

*Department of Radiation Biophysics Atomic Disease Institute, Nagasaki Univ.Nagasaki,Japan )

Introduction

Kinesiologic gait studies have prog-
ressed remarkably, but performing gait
analysis with patients is not practical
because patients cannot walk very many
times because of pain and other physical
problems. On the other hand, if many
parameters are recorded, it well require
considerable effort and rmuch time to
analyze the data.

The purpose of this study is to
develop a simple technique especially
in relation to reproducibility of
walking.

To realize tliis purnose there are
several points which must be considered.
1. How many deviations are there in
the walking cycles of the same

subject?

2. How many frames are necded to

analyze the walking.

3. Fow many walking cycles are

needed for the purpose of clinical
treatment. :

FIG. 1

A 0 sy e gy
tarcows inaicate pur)

i

:
!

F1G. 2 ANGULAR CHANGES OF M.P. JOINT OF THE FOOT

(MEAN PATTERN AND S.D.)

) 1 1724 SEC.

1. Fifteen walking cycles were
recorded for the same subject by
Nagasaki University gait Analyzing V.o 1/36 SEC.
System (Time duration 1/60 sec.,
1/36 sec., 1/24 sec.)

2. Angular changes of body rotation,
shoulder joint, elbow joint, knee .
joint, ankle joint and MP joint . _ ;2 I/EOISEC) |
of the foot were measured from |
serial photographs taken with
stick picture camera (Fig. 1).

3. To calculate the standard devia- 28
tion from different walking cycle
Cramer's rule was applied and a ‘
pc-8000 computer was used.

4. The problem that how many frames

and walking cycles are needed for - - - = ! :
exact gailt analysis, vas studied Y _ 7T Wiy p St Nl
by the mean pattern and the i 1

simulation. ' . :  Eam—
WALKI NG CYCLE

_____ LT., 1724 SEC.
D.T., 1736 SEC.
.» 1/60 SEC.
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Result

There were almost no noticeable
large deviations in shoulder girdle,
shoulder joint, hip joint, pelvis,
pelvic tilt and ankle joint with
respect to their angular changes and
pattern.

In the elbow joint, long time dura-
tions (1/36, 1/24) exhibited smaller
angular changes compared with a short
time duration (1/60 second) but the
pattern was exactly the same.

The knee joint exhibited the same
pattern among the three traces but
each beak was different.

The metacarpophalangeal joint of
the foot is very important joint, but
it is difficult to analyze its angular
changes exactly. The standard devia-
tion was larger than for other joints
and long duration especially 1/24 sec.
trace was situated for outside one
standard deviation.

Summarizing these various results,
there were almost no abnormal patterns
in human walking, and therefore, 1/24
sec. time duration is evidently suf-
ficient to analyze human walking and
also these results were proved by
the simulation (Fig. 2, 3,).

The last problem, how many walking
cycles are needed for clinical
treatment, was studied by the method
as shown in Fig. 4.

The mean pattern of the angular
changes of fifteen walking cycles are
shown by solid line with the standard
error indicated by the solid line.

The dotted traces are trial trace of
walking cycles. The most important
thing is whether these traces arc
situated for the standard error of
fifteen walking cycles. In this study,
we proved that five walking cycles
were sufficient to analyze human
walking.
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RELATIONSHIP BETWEEN THE SUBTALAR JOINT AND THE CONTROL OF MEDIAL-T.ATERAL

BALANCE IN WALKING

%
NOBUOU MATSUSAKA, M. FUJITA, G. CHIBA
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