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ABSTRACT 

Soleus H-reflex studies were carried out in 
a control group consisting of 43 healthy indi- 
viduals, 22 patients with upper motoneuron 
lesions having spasticity and 6 patients with 
dystonia. H-M recruitment curves with and 
without vibration of the Achilles tendon as 
well as H-reflex recovery curves at H-max and 
half H-max intensity were determined. From the 
experimental data several variables were deri- 
ved such as the cumulative vibratory index and 
the local maximum and minimum of the recovery 
curves. To assess thecollectivevalue of 
several features, a discriminant analysis was 
performed. The methods presented improve the 
specificity of the quantitative neurophysio- 
logical measure of dystonia and spasticity. 

INTRODUCTION 

It is known that uppermotoneuron disorders 
(spasticity) and dystonia give rise to changes 
in the Soleus H-reflex [ I ] .  Among others they 
constitute of a decreased suppression of the 
H-reflex during vibration of the Achilles 
tendon, predominantly due to a reduced pre- 
synaptic inhibition, and an increased facilita- 
tion of the H-reflex recovery curves, due to an 
alteration of the reactivity of segmental inter- 
neuronal circuits such as reciprocal inhibition 
(postsynaptic). 
Classically the H-reflex vibratory inhibition 

is quantified with the vibratory index (VI), 
i.e., VI = H-max (vibrated) divided by H-max 
(unvibrated) x 100%. Maximal H-reflex (H-max) is 
obtained from the recruitment curve, which is 
composed by plotting reflex amplitudes against 
stimulus intensities. A direct muscle (M) 
response, having a shorter latency time, appears 
on the curve mostly before a maximal H-reflex 
is achieved and keeps on increasing along a 
sigmoid curve until it reaches a plateau at 
supramaximal stimulation. 

VI implies several shortcomings. Firstly, no 
attention is paid to the stimulus intensities 
administred. Secondly, this index reflects the 
amount of suppression at one intensity level 

Basing one's calculations on the "classical" 

only. Thirdly, the index is subject to an additio- 
nal variability, since the variance of the ratio 
of two reflex amplitudes is equal to the sum of the 
variances of each H-reflex amplitude separately. In 
the present study H-M recruitment curves of peak- 
peak (P-P) and area values are determined and a new 
cumulative vibratory index (CVI) is derived from 
these curves (see Methods) for which the above 
mentioned shortcomings are eliminated. 
H-reflex recovery curves usually are obtained by 

eliciting pairs of responses in the soleus muscle 
at intervals varying from 10 ms to several seconds. 
The recovery curve height is defined as the ratio 
between the H-reflex amplitude to the second (test) 
stimulus and the H-reflex amplitude to the first 
(condition) stimulus. With intervals of 10-50 ms a 
test response is completely absent, with intervals 
of 50-350 ms normally a facilitation is observed 
(local maximum), with intervals of 350-1000 ms an 
inhibition can be seen (local minimum) and at inter- 
vals longer than 10-30 seconds it will reach the 
plateau of 100%. 
In contrast to previous studies we investigated 

the influence of the height of the stimulus inten- 
sity level on the H-reflex recovery curves deter- 
mined at H-max and half H-max intensity. Since 
peak-peak values as well as area values were 
calculated we were also able to compute the dif- 
ference between area and peak-peak values at the 
local maximum and local minimum. 

curves and recovery curves were studied in a con- 
trol group and a selected group of patients with 
spasticity and dystonia. Multivariate analysis was 
employed to identify the variables most useful for 
discrimination between the control group and both 
patient groups and two canonical variables were 
derived that are a linear combination of features 
that significantly contribute to a classification 
of the three groups. 

Parameters obtained from the H-reflex recruitment 

METHODS 

Soleus H-reflex studies were carried out by means 
of the procedure recommended by Hugon [2] in a 
control group consisting of 43 healthy individuals, 
22 subjects with velocity-dependent hypertonia 
(spasticity) and 6 subjects clinically classified 
with dystonia. H-M recruitment curves were measured 
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under normal condition and during vibration of the 
Achilles tendon. EMG-responses of the Soleus 
muscle were amplified, digitized, stored into the 
computer and peak-peak (PP) amplitudes as well as 
area (AR) values of the M-response and H-reflex, 
H-M ratio, i.e., the maximal H-response without 
vibration divided by the maximal M-response, as 
well as the vibration index (VI), i.e., the 
maximal H-response measured under vibration 
divided by the maximal H-response without vibra- 
tion, and cumulative vibratory index (CVI) were 
calculated by the computer in an off-line pro- 
cedure [ 3 ] :  
The CVI is defined as: 

- 100% 
CVI(IX) = O 

where I = stimulus intensity for H-threshold, 
I = actual stimulus intensity, Ix = stimulus 

intensity for H (= H-max (Sl), and 1 / 2  H-max (S2) 
and for M-max (S3), V = H value (PP or AR) under 
vibration, H = H value (PP or AR) unvibrated and 
dI = difference between two successive inten- 
sities. The formula expresses the ratio between 
the surface under the recruitment curve obtained 
with and without vibration and is a function of 
the stimulus intensity (I ) up to which integra- 
tion is carried out. Statistical analysis was 
performed on six CVI's only, i.e., CVI (Sl) from 
threshold to the intensity yielding H-max (PP 
and AR), CVI (S2) from threshold to the inten- 
sity at which the H-response reaches half its 
maximum value (PP and AR) and CVI (S3) from 
threshold to the supramaximal intensity at which 
the reflex disappears (PP and AR). Together with 
the H-M ratio (PP and AR) and the vibratory index 
(PP and AR) this resulted in a total of 10 
variables. 

applying two, I msec, square wave pulses of equal 
intensity over the posterior tibial nerve in the 
popliteal fossa. Eleven pairs of stimuli at inter- 
vals of 50 msec - 30 sec (50,l00,200,250,300,400, 
500 msec and 1,3,10,30 sec) were delivered. The 
recovery curve height was computed from the H test 
(second response) / H condition (first response) 
PP and AR values. Two intensity levels of elec- 
trical stimulation were choosen, i.e., at S1 and 
S2. Statistical analysis was performed on the 
facilitation peak (local maximum = LMA between 
interval 50-300 ms and the inhibition (local 
minimum = LMI) of the curve between interval 
300-1000 ms only. The difference between LMA PP 
and LMA AR and the difference between the LMI PP 
and LMI AR were also included in the statistical 
analysis. Since these variables were calculated 
for two intensities and for PP and AR this pro- 
cedure resulted in a total of 12 variables. 
To assess the collective value of several 

features of the total of 22 features a stepwise 

H-reflex recovery curves were obtained by 

discriminant analysis (BMDP statistical software, 
7M) was performed. FTstatistics were used to de- 
termine whether a feature was entered (F > 4.00) 
into the discrimination. U-statistics (Wilk's 
lambda) were used to test the equality of the three 
groups. This resulted in two canonical variables 
for each individual case which are a linear com- 
bination of features that most significantly con- 
tribute to the discrimination: 

1 

i-; 1 

- 
CANlk = Cli - (Vik - Vi) 

1 - 

CANZk = i=l c CZi . (Vik - Vi) 
where CAN1 and CAN2 are the canonical variables 
1 and 2 for the k th case,cli and c2. represent the 
the coefficients of these canonical variables 
derived from the classification functions, vik are 
the measured variables for the k th case and vi are 
the means of v. ik' 

RESULTS 

Of the 22 patients with the classical syndrome of 
spasticity 14 patients suffered from myelopathy and 
eight from cerebral pathology. Classification of 
the spastic group was based on the most severe 
spasticity, i.e., in the group with myelopathy. In 
descending order of significance 4 variables were 
entered into the classification namely CVI(S1)PP 
(F=45.8), L N A ( S 2 ) A R  (F=31.5), LMA(SI)PP-LMMA(SI)AR 
(F=12.0) and LMA(S2)PP-LMA(SZ)AR (F=9.6). The mean 
values of CVI(S1)PP were significantly higher in 
the group with spasticity (86.9%) and the group 
with dystonia (57.7%) than in the control group 
(18.3%). This was also the case for LMA(S2)AR with 
mean values of 81.7%, 153.4% and 42.7%, respec- 
tively. In the spastic group mean values of 
LMA(SI)PP and LMA(S2)PP both were found to be 
larger than LMA(S1)AR and LMA(SZ)AR, whereas in the 
dystonic group the AR values were larger than the 
PP values. Table I shows the coefficients for the 
two canonical variables and the means for the group 
used. Canonical correlations of both variables were 
0.88 and 0.86 respectively. 

Table I 
cl c2 ; (%) 

CVI (SI )PP -3.47 4.31 37.3 
LMA ( S 2) AR -2.86 -2.28 61.9 
LMA(S1)PP-LMA(S1)AR 0.96 5.53 3.8 
LMA(SZ)PP-LMA(S2)AR 6.94 7.37 I .4 

Table I1 represents the classification matrix 
where the eight cases of the group cerebral (patho- 
logy) are classified into one of the three groups 
from which the classification functions were de- 
rived (Control, Spasticity due to myelopathy, 
Dystonia). 

0998--1EEE ENGINEERING IN MEDICINE 61 BIOLOGY SOCIETY llTB ANNUAL INTERNATIONAL CONFERENCE 



Table I1 
Classification Matrix 

Group Percent Cases classified into group 
Correct CONTROLS SPASTICITY DYSTONIA 

CONTROLS 97.7 42 1 0 
CEREBRAL 62.5 3 5 0 
MYELUM 100.0 0 14 0 
DYSTONIA 100.0 0 0 6 

DISCUSSION 

The results clearly demonstrate that vibratory 
inhibition is mostly affected in the spastic group 
suggesting that a decrease of presynaptic inhibi- 
tion is most prominant in this group. On the other 
hand facilitation of the recovery curve is most 
prominant in the dystonic group indicating that 
postsynaptic (interneuronal) inhibition is largely 
affected in the latter group. The opposite 
findings with respect to peak-peak and area values 
of-the local maxima of recovery curve in the spas- 
tic and dystonic group are caused by the differen- 
ces between the waveform of the H-reflex response 
to the test stimulus and the H-reflex response to 
the condition stimulus. The relatively lower per- 
centage of correct classifications in the group 
with cerebral pathology suggests that spasticity 
in this group is less severe than in the group 
with myelopathy. 
In contrast to clinical methods that rely on 

arbitrary grading of severity of movement disor- 
ders, the presented methods demonstrate that a 
reliable quantitative test is now available. With 
respect to earlier neurophysiological studies the 
specificity of the presented neurophysiological 
measure of spasticity and dystonia is significant- 
ly improved. 
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