
1 Introduct ion 
PRIOR to voluntary self-paced movements one can observe 
changes in the central region activity of the human EEG. 
DEECI<E e t  al. (1976) described an experiment with unipolar 
EEG measurements on persons performing voluntary rapid 
finger flexions. By means of a time-reversed analysis of the 
tape-stored EEG signals slow changes (Bereitschafts- 
potential, BP) were detected in the DC potential of the EEG 
signal preceding the rapid finger movement. Other workers 
(PFURTSCHELLER and ARANIBAR, 1980 a; b; PRIBYL, 1981) 
investigated the BP and the change in rhythmic EEG activity 
(event-related desynchr0nisation, ERD) in relation to volun- 
tary movements. Bipolar derivations were used in these 
experiments to determine the topographical distribution of 
these movement-related phenomena. PRIBVL (1981) reported 
on the quality of voluntary hand contraction (force, dur- 
ation, velocity) in relation to the BP and ERD. Data 
collection and processing for these experiments were carried 
out by a PDP11/45 computer. To introduce this type of 
measurement into the clinic a universal hand-contraction 
meter was developed. The instrument should be easy to use 
and easy to transport. Direct presentation of certain para- 
meters reflecting information on the force, duration and 
velocity of the hand movement should be available. This 
paper describes the functioning of such an instrument, the 
Elektro-Dynamo-Meter, and reports the results of an in- 
vestigation with the instrument among 40 healthy persons. 
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2 Test method 
The hand-movement parameters are derived from a 

certain number of hand contractions. The subject has to 
press a rubber balloon for a certain number of times. The 
balloon must be enclosed by the whole hand, and the 
contraction must be performed with the whole hand. This 
method of holding and pressing the balloon appeared to be 
easily reproducible. The pressure as a function of time 
(pressure curve, PC), which is developed in the balloon when 
it is pressed, is recorded by a microcomputer. After recording 
enough pressure curves, the microcomputer calculates the 
parameters from the mean pressure curve. Computation of 
the mean curve from the individual curves requires a certain 
reproducible event in each pressure curve, which is capable 
of triggering (starting and stopping) the recording process of 
the computer. Fig. 1 shows that the trigger events chosen are 
those moments when the developed pressure rises above, or 
falls below, a certain threshold (trigger level, TRIGL). 

The parameters describing the mean pressure curve are the 
following: 

(a) trigger threshold, TRIGL, in kilopascals (kPa). The 
threshold is variable and should be adjusted at a 
minimum level, so that it just does not cause triggering of 
the computer when the person holds the balloon quietly 
in the hand 

(b) number of recorded pressure curves NPC. 

(c) pressure duration, tba l (S). As Fig. 1 shows, tba I is the time 
interval during which the mean pressure is greater than 
or equal to TRIGL (t 1 - to) .  

(d) maximum pressure X,,,x (kPa) of the mean pressure 
curve. 
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(e) pressure/time area INT (kPas)  from t o until t~. 
( f )  rise, or positive slope, PSL (kPas -~) of the mean 

pressure curve between 25 and 75 per cent of X,,,~. 

(9) fall, or negative slope, NSL (kPas -a) of the mean 
pressure curve between 25 and 75 per cent of X~,~. 

sensitive to nonuniformity (PRIBYL, 1981), is the calculation 
of the mean parameters from the parameters of each single 
pressure curve. However, this method is less accurate for the 
slope calcul~.tions of the very weak hand contractions 
developed by patients. 
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F i g .  2 The Elektro-Dynamo-Meter 

The first two parameters serve to control the measurement. 
They give the possibility of comparing the parameters of 
different persons or of the same person after a lapse of time 
(interpersonal or intrapersonal comparison). The last five 
parameters arc suitable for quantification of the hand 
contraction. 

Computation of the parameters from the mean pressure 
curve implies a certain sensitivity of the parameters X . . . .  
PSL and NSL to nonuniformity (time variations) between 
the single pressure curves. If two curves have the same 
maxima which do not occur at exactly the same time in 
relation to the starting point to, the mean pressure curve will 
always have a smaller maximum value than the mean 
maximum of both pressure curves. This effect becomes 
stronger for events further away from to, such as NSL. The 
parameter NSL is then more of a measure for uniformity 
between the single pressure curves than for the mean velocity 
of the hand contractions. Another method, which is not 

3 Test procedure 
The procedure starts in the RESET mode with adjustment 

(by the operator) of the threshold TRIGL. The adjusted 
value is shown on the display. An indicator LED on the 
control panel indicates whether the applied pressure is above 
the threshold. If this occur~ in the RESET mode, the applied 
pressure appears on the display. This gives an initial 
impression of the pressure which can be developed by the 
subject. 

The actual pressure curve recording proceeds in the 
START mode. The display shows the number of recorded 
pressure curves NPC, which has an initial value of zero. After 
3 s the display is turned off. This signals to the subject that the 
balloon can now be pressed. After recording the pressure 
curve, the display lights up again for 3 s, indicating the new 
NPC. 

During these 3s the recording of a pressure signal is 
inhibited. This forces the subject to take a minimum pause 
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(longer is always possible) between two hand contractions. 
The instrument is shown in Fig. 2. 

This recording sequence can be repeated until enough 
pressure curves are recorded. In the STOP mode the 
computer calculates the parameters. Presentation of the 
parameter values on the display occurs in a numbered order 
(see Section 2) by repeatedly pressing the PARAM button. 
One entire parameter test for both hands, using the 
maximum of 64 pressure curves, including instruction of the 
subject, takes about 10rain. 

4 D e s i g n  

The design of the Elektro-Dynamo-Meter can be sub- 
divided into four different blocks. Fig. 3 shows the trans- 
ducer part, the preamplifier, the microcomputer and the 
control panel. The control panel consists of the four 
command switches with indicator LEDs, the six-digit display 
and the TRIGL adjustment. 

The balloon/tube transducer system is filled with air. The 
internal and external dimensions of the system appeared to 
have a substantial influence on the parameter values. This is 
not too serious when the same balloon and tube are always 
used, since the measurements are always relative to previous 
measurements. Nevertheless, there are still some practical 
conditions to be met for the balloon/tube transducer system. 
First, the balloon must be large enough that it always fills the 
whole hand, even when maximum force is applied. Thus the 
external volume of the balloon must be large. The maximum 
pressure is then limited by the hand force of the subject, and 
not by the fact that the balloon is too small to be compressed 
further. Secondly, the internal volume of the balloon/tube 
transducer system must be small enough that a small 
contraction of the hand leads to a relatively high change of 
the internal volume of (and thus a high change of the 
pressure in) the system. Maximum pressure is then obtained 
from a small hand contraction, which limits the deformation 
of the balloon. 

The balloon and tube used for the Elektro-Dynamo- 
Meter satisfy both conditions. They are normally used as 
part of a blood-pressure meter. The balloon contains a valve 
which ensures equality of the internal and external pressures 
when the balloon is not pressed, and thus the same shape of 
the balloon under all ambient pressure circumstances. The 
valve closes at a pressure difference approximately equal to 
0.5kPa, which is lower than the minimum threshold 
(TRIGL), which can be adjusted. This and the fact that the 
pressure transducer measures a pressure difference relative 
to the ambient pressure allows the measurements with the 
Elektro-Dynamo-Meter to be independent of the ambient 
pressure. 

The hybrid pressure transducer P (National Semiconduc- 
tor LX 1603 GB) has an offset voltage which is rather 
sensitive to temperature. Heat generation in the instrument 
causes a change of the offset level of approximately 2 kPa 
within half an hour, which is more than 1.5 per cent of the 
pressure range (0...  130kPa). This temperature drift is 
continuously corrected by the micro-computer. Whenever 
the balloon is not pressed the micro-computer measures the 
pressure signal and takes that value as the zero pressure level. 

Alter offset adjustment, amplification (A) and filtering (F), 
the pressure signal is compared (C) with the threshold 
TRIGL.  The trigger pulse derived by the comparator starts 
(positive edge) and stops (negative edge) the pressure curve 
recording via an interrupt input of the interface adapter of 
the microcomputer. The analogue-to-digital convertor is 
connected (S) either to the pressure signal for pressure 
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measurement or to the threshold signal for measurement of 
the trigger threshold. 

The microcomputer is a general-purpose design from the 
Technical University of Graz (W[ESSPEINER et al., 1979), 
equipped with a 6502 processor, 6522 versatile interface 
adapter (Mostek), RAM, EPROM, analogue-to-digital con- 
vertor and addressable latch. Optimal use of the available 
RAM allows recording of the pressure curves with a simple 
frequency of 128 Hz (maximum duration of 2 s per pressure 
curve). This ensures an optimal reproducibility for para- 
meter measurements of very fast hand contractions 
(minimum duration of 0.2 s). If necessary the microcomputer 
can easily be extended with 1 kbyte RAM, 2 kbyte EPROM, 
an interrupt controller and two digital-to-analogue conver- 
tots. Because the functional performance of the Elektro- 
Dynamo-Meter  is determined by the application of the 
microcomputer, the use of other software (EPROM) and/or 
other components allows flexible adaptation according to 
the wishes of the user, as, for example, output presentation on 
a printer or plotter, or calculation of parameters other than 
those mentioned in Section 2. 

5 S o f t w a r e  p r o g r a m  
The test procedure is determined by the software program. 

Fig. 4 shows the flow diagram of the main program, which is 
the test procedure described in Section 3. This program is 
started when the RESET button is pressed. 

The trigger pulse derived by the comparator (C in Fig. 3) 
indicates that a pressure curve is being generated. The 
positive edge (from low to high) of the pulse marks the 
beginning of a pressure curve, and the negative edge (from 
high to low) marks the end. The pulse is led to one of the 
interrupt inputs of the interface adaptor. The interrupt input 
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is sensitive either to a positive edge, or to a negative edge. 
Selection is under software control. The initiation after 
pressing the RESET button sets the sensitivity on the 
positive edge. The interrupt service routine, which is ac- 
tivated when the selected edge form occurs (see Fig. 5), starts 
with checking whether the sensitivity is set on a positive edge. 
If that is true, it means the beginning of a pressure curve. The 
routine initiates and starts the 128 Hz sample timer, and 
changes the sensitivity to the negative edge. If the sensitivity 
was set on a negative edge, it means the end of a pressure 
curve. In this case, the routine stops the sample timer and 
changes the sensitivity to the positive edge. During this phase 
of the test procedure, the main program(Fig.  4) remains in 
the waiting loop 'wait for the pressure curve'. The inhibition 
of the pressure curve recording ('disable pressure curve 
recording' in Fig. 4) during the pause of 3 s between two hand 
contractions is obtained by masking the recognition of an 
interrupt signal. 

The 128 Hz sample timer is an interval timer operating on 
an interrupt basis, in the repeated mode. Once the timer is 
enabled, it generates 128 interrupt signals per second, until 
the timer is disabled. The timer interrupt service routine 
takes a sample from the pressure curve, and stores it in the 
pressure curve array. This array contains 256 elements. 
When the last element is filled and the pressure curve is not 
yet ended, the routine disables the sample timer. This means 
that a maximum recording time of 2s is available for the 
pressure curves of one test to be added together in the 
pressure curve array. Thus, at the end of a test, the array 
contains the sum pressure curve. The parameters are then 
calculated from this sum pressure curve. 
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Fig. 5 Flow diagram of the interrupt service routine, which starts 

and stops the recording of  a pressure curve 

Table 1 Results of 20 tests with three diJJwent balloons 

Balloon 1 Balloon 2 Balloon 3 

OV = 33 OV = 65 
IV = 20 IV = 33 

Xm. ~ INT Xm. ~ INT 
(kPa) (kPas) (kPa) (kPas) 

OV = 113 
IV = 92 

Xm. ~ INT 
(kPa) (kPas) 

X 82.2 155 96.5 184 86.8 161 
SD 5-67 12.4 2-65 8:4 4.40 9"6 
SD, ~o 6.9 7.9 2.7 4.6 5.1 6-0 

IV tube = 10cm 3 
TRIGL = 3 kPa 
NPC = 10 
persons: 1 
age: 26 
OV = outer volume in c m  3 

IV = inner volume in cm 3 

6 Results 
In Section 4 we mentioned the effect of different types of 

balloon and tube on the parameter values. The effect of the 
size of the balloon was investigated in an experiment with 
three different balloons with the same tube. Twenty tests 
were made with each balloon by the same person, over a 
period of three weeks. Since our interest was mainly focused 
on the transformation of hand force into pressure, only the 
paramaters Xmax and INT were taken into account. One test 
consisted of ten hand contractions (NPC = 10), each as 
powerful as possible and for a duration of at least 2 s. Timing 
of the 2 s recording period was controlled by the microcom- 
puter. This eliminated time as a variable in the parameter 
INT. 

Table 1 lists the mean parameter value (X), standard 
deviation (SD) and the standard deviation as percentage of 
the mean (SD, per cent), over the 20 tests for each balloon. 
Most important is the lower value of the (interpersonal) 
standard deviation, which is obtained with balloon 2. This 
points to the ability of a more accurate parameter estimation 
with this balloon. The external volume of this balloon is large 
enough to fill the whole hand, and the internal volume is 
small enough that only a small hand contraction is necessary 
to reach a high pressure change. Balloon 1, which was used 
for previous measurements (PRIBYL, 1981), is tOO small. It 
does not fill the whole hand, particularly not when maximum 
force is applied. Therefore the results for Xm,.,- and INT are 
lower than those obtained with balloon 2. The internal 
volume of balloon 3 is too large, so that large hand 
contractions are necessary to reach a certain pressure in the 
system. For these reasons, balloon 2 was used in the 
construction of the Elektro-Dynamo-Meter. 

Reference data about hand contractions for subsequent 
clinical studies were obtained in an experiment with 40 
healthy volunteers. The persons were asked to press the 
balloon 30 times (NPC = 30) with each hand. The hand 
contractions should be powerful and fast and should be kept 
as uniform as possible. Before every parameter test the 
persons were asked which hand they thought would be their 
dominant hand. This gave the results for the dominant (D) 
and nondominant (ND) hands listed in Table 2. 

Except for the parameter Tb.z, all parameters showed a 

Table 2 Mean value (X), standard deviation (SD) and standard 
deviation as a percentage of the mean (SD, per cent)]br an 
investigation with 40 healthy persons for the dominant (D) and 
nondominant hand (ND) 

Tb.l X,..x INT PSL NSL 
(s) (kPa) (kPas) (kPas-1) (kPas-1) 

X 0.54 87.0 29"7 602 608 
D SD 0-23 20.6 15-1 192 264 

SD,~o 42 24 51 32 43 

X 0-54 76"9 26'5 534 497 
NDSD 0'21 18"0 12"1 173 231 

SD,~o 39 24 46 32 47 

TRIGL = 3kPa 
NPC = 30 
persons: 40 
male: 25 
female: 15 
age: 28 + 7 
right handed: 33 
left handed: 4 
double handed: 3 
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highly significant difference (Wilcoxon test, p = 0-01 per 
cent) between the dominant  and nondominant  hands. 

Nine persons in the group said that they were double 
handed or that they practised a lot with both hands because 
of their profession or hobbies (typists, musicians). Special 
study of the results of these persons (Table 3) showed no 
significant differences between both hands. 

Table 3 Mean value (X), standard deviation (SD) and standard 
deviation as a percentage of the mean (SD, per cent) Jbr parameter 
tests with specially selected (double handed, typists, musicians) 
healthy persons Jbr the dominant (D) and nondominant hand (ND) 

tba 1 Xma x INT PSL NSL 
(s) (kPa) (kPa s) (kPa s- 1) (kPa s- 1) 

X 0"49 80.3 24.9 609 597 
D SD 0.18 15"2 8.5 183 262 

SD,~o 37 19 34 30 44 

X 0'46 78"0 23.1 594 611 
N D S D  0"16 12-8 6'6 188 289 

S D , ~  36 16 29 32 47 

TRIGL = 3 kPa 
NPC = 30 
persons: 9 
male: 5 
female: 4 
age: 27 +_ 6 
right handed: 5 
double handed: 3 
left handed: 1 

Besides the fact that the results in Table 2 showed a lower 
force and velocity for the nondominant  hand, the higher 
value of the difference PSL-NSL for the nondominant  hand 
(p = 1 per cent), pointed to less uniformity in the hand 
contractions performed with this hand. Again, this difference 
between both hands was not significant in the group 'double- 
handed persons'. 

The reproducibility of the parameters in the test described 
for Table 2 was studied in the third experiment. Eight 
persons made ten tests with the dominant  hand in a period of 
one week. The intrapersonal standard deviations are shown 
in Table 4. 

We see that all standard deviations for all parameters are 
much smaller (3-10 times) than the interpersonal standard 
deviation in Table 2, which means that the parameters can be 
called characteristic for a person. The parameters Xm,x and 
PSL in particular can be estimated very accurately with this 
type of test. It  was remarkable in this experiment that all 
persons had a slightly positive trend in the NSL value, 
whereas the other parameters did not show any tendency. 
Because of the many tests over a short period, persons 
'learned' to perform hand contractions with a higher degree 
of uniformity. This explains the relatively high standard 
deviations for the NSL parameters. 

7 Discussion 

The measurements made with the Elektro-Dynamo- 
Meter confirmed the expected lower values for force and 
velocity of the nondominant  hand in comparison with the 
dominant  hand of healthy persons. These results agree with 
earlier findings (PRIBYL, 1981) and are even more significant 
(p = 0.01 per cent against p = 1-5 per cent). The more 
accurate results with the Elektro-Dynamo-Meter  are prim- 
arily caused by the use of another balloon. Apart  from the 

subjective experience that the new balloon (balloon 2 instead 
of balloon 1 in Table 1) 'feels more comfortable in the hand',  
it also proved to give a better reproducibility and thus a 
better estimation of the parameters. The choice of another 
balloon, however, reduces the ability to compare our results 
with the results of PRIBYL (1981 ), but this does not outweight 
the gain in accuracy obtained with the new balloon. 
Moreover, the comparison of the results of both investi- 
gations was already hindered by the use of other units. 
PRIBYL (1981) used 2 kp cm-2  as the pressure unit whereas 
the Elektro-Dynamo-Meter  uses the SI unit (kilo) pascal 
(1 k p c m  -2 = 98.07kPa). 

Table 4 Intrapersonal standard deviations as percentage of the mean 
parameter values over ten tests for eight healthy persons with the 
dominant hand 

tb, t X,,,x INT PSL NSL 
Person (per cent) (per cent) (per cent) (per cent) (per cent) 

1 8-7 3-0 10.2 3.9 15.8 
2 9-1 3-2 12.1 3.5 11.5 
3 10.0 4-1 16.4 3.2 8.3 
4 9.8 2.9 13.2 3.3 15.2 
5 10.7 2.9 14.4 4.0 10.2 
6 10.6 4.0 15.3 3-8 11.8 
7* 7.2 2.5 9.1 2.4 9-4 
8 8.0 4.2 9.7 4.0 10.6 

TRIGL = 3 kPa 
NPC = 30 
persons: 8 
male: 5 
female: 3 
right handed: 6 
left handed: 2 
age: 27 -t- 9 
* = person of Table I 

Another difference between both investigations is the 
method of averaging for the parameter  calculations (see 
Section 2). Although we do not have proof, because we could 
not involve patients in our experiments, we expect better 
results with the averaging method we used for the Elektro- 
Dynamo-Meter .  Our  method, however, leads to another 
interpretation of the parameter NSL. In PRmYL (1981), NSL 
and PSL stand for the mean velocity of the hand contrac- 
tions. NSL is always larger (1.25-1.5 times) than PSL. With 
our method of averaging, NSL is more a measure of the 
uniformity of the hand contractions. Less uniformity causes 
a strong decrease of NSL, and to a lesser degree also of Xm,~- 
and PSL (not for INT). The results for PSL and NSL in 
Table 2 therefore point to less uniformity in the hand 
contractions of the nondominant  hand. In summary, we can 
say that differences in the parameters X . . . .  PSL and NSL 
between the dominant  and nondominant  hand can be caused 
by differences in force, velocity and uniformity. The fact that 
the parameter  INT,  which is independent of uniformity, has 
the same proport ional  difference between both hands as 
Xma x and PSL shows that the differences between both hands 
for Xma x and PSL are due to differences in velocity and force. 
The difference between both hands for NSL is mainly due to 
difference in uniformity of the hand contractions. 

For  the tests summarised in Tables 2~4, subjects were 
instructed ' to press as powerfully, quickly and uniformly as 
possible'. Such a test gave accurate results for the parameters 
Xma x and PSL and thus for force and velocity. This test 
contains a compromise between the two variables. Other 
kinds of tests in which only the force, or only the velocity or 
only the duration is important,  would give different results 
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with different est imation accuracies for the parameters (e.g. 
I N T  in Table 1). Therefore a single parameter  cannot  be seen 
as an absolute measure, but it may  be used to compare  inter- 
or intrapersonal differences. 
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