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Cumulative vibratory indices and the H / M  ratio of the soleus H-reflex: 
a quantitative study in control and spastic subjects 
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Summary Suppression of the soleus (Sol) H-reflex recruitment curve by Achilles tendon vibration and the ratio of maximum 
Sol H-reflex (Hmax) to maximum M-response ( H / M  ratio) have been studied by means of computer processing on the basis of 
peak-to-peak (P-P) and area values in 46 controls and in 16 spastic patients. The 'classical' vibratory index (VI) has been compared 
with a new cumulative VI (CVI), which is defined as the quotient of the surface under the recruitment curve obtained with vibration 
and the one obtained without vibration up to an equal intensity level. Statistical analyses were performed from threshold to 3 
different intensity levels. Tendon vibration is found to be less effective at higher intensity levels. Mean values with S.D.s of CVIs at 
Hm= intensity are significantly lower than those of the 'classical' VIs. VIs increase with age while H / M  ratios decline. Stepwise 
discriminant analyses showed that area CVI at Hma x intensity yielded the best distinction between controls and patients. Additional 
differential contribution is obtained by P-P H / M  ratio. A canonic variable derived from these two variables correctly classified 44 
out of 46 controls and 15 out of 16 patients. The methods presented improve the specificity of the quantitative neurophysiological 
measure of spasticity by means of Sol H-reflex recordings. 

Key words: Cumulative vibratory index H-reflex; H / M  ratio; Spasticity 

In healthy subjects, Achilles tendon vibration, which 
strongly activates primary spindle endings, inhibits the Hoff- 
mann (H)-reflex of the soleus muscle (Sol H-reflex) for the 
duration of vibration (DeGail et al. 1966; Hagharth and Eldund 
1968; Gillies et al. 1969; Delwalde 1971; Matthews 1984). This 
action is predominantly due to a presynaptic inhibition of 
spindle Ia afferents and can be demonstrated by the Sol 
H-reflex recruitment curve, which is composed by plotting 
reflex amplitudes against stimnlns intensities. A direct muscle 
(M) response, having a shorter latency time, appears on the 
curve mostly before a maximal H-reflex (Hmax) is achieved 
and keeps on increasing along a sigmoid curve until it reaches 
a plateau at supramaximal stimulation at which level all soleus 
motor units are activated. The H-reflex inhibition can be 
expressed by using the 'classical' vibratory index (VI), i.e., 
VI = Hma x (vibrated) divided by Hm~x (unvibrated)×100%, 
which has a quite reproducible value for every subject, while its 
interindividual variation is quite large. Furthermore, a ratio 
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can be derived between the maximum H-reflex and the maxi- 
mum M-response ( H / M  ratio), expressing the largest propor- 
tion of the solens motoneuron pool that can be reflexly activated 
(Angel and Hofmann 1963; Matthews 1966; Taylor et al. 
1984). In patients with spastic lower limbs the 'classical' VI is 
usually increased, because presynaptic inhibition is reduced 
with upper motoneuron lesions (Delwalde 1973; Ashby and 
Verrier 1976; Taylor et al. 1984). 

Basing one's calculations on the 'classical' VI only implies 
several shortcomings. Firstly, no attention is paid to the stimu- 
lus intensities administered. Secondly, the 'classical' VI reflects 
the amount of suppression at one intensity level only. Thirdly, 
the index is subject to an additional variability, since the 
variance of the quotient between the reflex amplitude with 
vibration and the one without vibration is equal to the sum of 
the variances of each H-reflex amplitude separately. 

In the present study H-M recruitment curves of peak-to- 
peak (P-P) and area values are computed and a new cumulative 
vibratory index (CVI) is calculated. The CVI is determined 
from threshold to 3 different intensity levels in addition to the 
'classical' VI. Furthermore, we investigated possible effects of 
age on the various indices and the H / M  ratios. In addition, 
these parameters were studied in a selected group of spastic 
patients. Statistical analysis was used to determine which index 
yields the greatest discriminatory value in differentiating be- 
tween controls and patients. 
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Methods 

Subjects 
The control group consisted of 46 healthy individuals, 21 

women and 25 men, between the ages of  20 and 70 years (mean 
43 years). Reflex studies were carried out  on the left leg in 11 
and on the right leg in 35 controls. 

Sixteen subjects, 7 women and 9 men, between the ages of 
19 and 72 years (mean 44 years) with upper motoneuron 
lesions were selected and gave informed consent statements. 
All exhibited characteristic velocity-dependent hypertonia, 
exaggerated tendon jerks and extensor plantar  responses; 7 had 
cerebro-vascular disease and 9 had myelopathy of whom 6 had 
traumatic lesion and 3 had familial spastic paraplegia. Four  
patients had ankle clonus. All but  2 patients were able to walk 
at least a few steps. Case histories prior to the investigation 
varied between 0.2 and 20 years (mean 6.5 years). Clinical 
assessment was carried out shortly before the neurophysiologi- 
cal testing. In the hemipleglcs only the spastic limb was 
investigated and in the patients with myelopathy the limb most  
affected or, when both limbs were equally spastic, the right 
limb only. Spasms occurred in a few patients, and H-reflexes 
were then elicited only in the absence of E M G  activity. 

Neurophysiological examination 
Each subject was seated in a reclining chair and Sol H-re- 

flex registration with placements of stimulating and recording 
electrodes was carried out  by means  of the procedure recom- 
mended by Hugon (1973). Reflex responses evoked by 1 msec 
square current pulses to the tibial nerve were amplified with a 
bandpass  of 3 dB down at 2 Hz to 3 dB at 10 kHz (6 
dB/octave).  Variability of H-reflex responses due to frequency 
of stimulation was reduced to a min imum by choosing an 
interval of at least 30 sec (Matthews 1966; Van Boxtel 1986). 
The threshold intensity level was determined at onset. Small 
successive stimulus intervals were chosen at low intensity levels, 
since the latter coincided with a strong gradient of  the curve. 
Intensity intervals were subsequently gradually increased while 
the H-recruitment curve smoothly decreased. Each recruitment 
curve required 12-16 H-reflexes at different intensities. Vibra- 
tion was applied by a Briiell and Kjaer 4809 vibrator, operated 
at a frequency of 100 Hz and an undamped  amplitude of 1 
m i l l .  

Computer methods and statistical analyses 
The amplified signals were digitized and stored in the 

computer  memory with a sample frequency of at least 10 kHz 
and P-P and area values were automatically calculated in an 
off-line procedure. An  H-M recruitment curve was generated 
and the H / M  ratio, and VIs were computed.  The CVI is 
defined as: 

Ix 

(V(I  + dI)  + V( I ) )  × dI 

CVI lo x 100% 
Ix 

E (H( I  + d I )  + H ( I ) )  × dl  
Io 

where I o =  st imulus intensity for H threshold, I = actual 
st imulus intensity, Ix = st imulus intensity for H ( = Hm~, (S1), 
and 0.5 Hma x ($2)) and for Mma~ ($3), V = H value (P-P or 
area) under  vibration, H = H value (P-P or area) unvibrated 
and dI = difference between two successive intensities. 

This formula expresses the ratio between the surface under 
the recruitment curve obtained with and without tendon vibra- 
tion. As a first approximation the H-reflex values between two 
successive intensities are estimated by a linear interpolation. 
The ratio is a function of the st imulus intensity (S) up to which 
integration is carried out. Al though the complete CVI was 
calculated over the entire range of intensity shocks, statistical 
analysis was performed from threshold to 3 intensity levels 
determined in the unvibrated recruitment curve only: (1) at the 
intensity yielding Hma x (S1); (2) at the intensity between that 
at threshold and the one of Hmax, at which the H-response 

.reaches half its max imum value 0.5 Hma x ($2); and (3) at a 
supramaximal  intensity at which the reflex disappears (H total) 

($3). Six CVIs were derived, i.e., at S1, at $2 and $3 for P-P 
and for area values. Taken together with the 'classical' VI and 
the H / M  ratio for both values, the procedure yielded 10 
variables per subject. In order to reduce the measuring time, 
one H-reflex with its inherent variability of about 15% was 
evoked at each intensity. CVI makes the results less sensitive to 
this variability since it is a summat ion  of several reflex values 
and individual variability is averaged out. The experimental 
procedure can be performed in less than 1 h; about 25 min are 
requested for subject testing and 30 rain for data analysis and 
full report. Single regression equations were calculated as a 
function of age. The Wilcoxon signed rank test was used to 
evaluate the differences between the various indices in the 
controls. Standard techniques of multivariate analysis were 
employed to assess the collective value of several features and 
to identify the features most  useful for this purpose (BMDP 
Statistical Software 1983). To test the value of combined 
features a stepwise discriminant analysis was performed. F 
statistics were used to determine whether a feature was entered 
( F  > 4.00) into the discrimination. U statistics (Wilk's lambda) 
were used to test the equality of the groups. For each feature, 
derived from the classification functions and significantly con- 
tributing to the discrimination, a coefficient is calculated to be 
used in the computat ion of a canonic variable for each case. 
The canonic variable is, therefore, a linear combination of 
features that most  significantly cbntribute to a discrimination 
and the classification of both  groups is based on this canonic 
variable. The analysis also yields a canonic correlation which is 
high when there is a good discrimination between the two 
groups. 

Results 

Fig. 1 presents examples of  H-M recruitment curves con- 
structed from P-P and area values in 1 control subject and 1 
patient, respectively. It also shows the percentage of the total 
cumulative vibration effect. 
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Fig. 1. Representation of soleus (Sol) M-response and So1 H-reflex recruitment curves with and without vibration of the Achilles 
tendon for peak-to-peak (P-P) values (left panels) and area values (middle panels). The fight panels show the cumulative effects of 
vibration on the H-reflex recruitment curves. Upper panels and lower panels refer to the curves computed in a control subject and a 
spastic patient, respectively. Cumulative vibratory indices (CVIs) are computed at 3 intensity levels determined in the unvibrated 
state: S1, at the intensity of the maximum H-reflex (Hm~);  $2, at the intensity between threshold level and H , ~  at which the reflex 
reaches half of its maximal values (0.5 H ~ ) ;  $3, at the intensity at which the reflex disappears and the M-response reaches a plateau 
(H tot~a). The cumulative effects of vibration on the Sol H-reflexes for P-P and area measurements as percentages of control reflexes in 
the same subjects are presented in the right panels; Htoua at $3 intensity is presented at the end of the curves. The abbreviations also 

apply to Fig. 2 and Table I. 

Table I lists mean values with their S.D.s for the various 
indices obtained for controls and patients. In the controls a 
highly significant difference ( P  < 0.001) existed between all of 
the indices except between the corresponding P-P and area 
indices and between the 'classical' VI and the CVI total. Mean 
values for CVls at 0.5 Hma x intensity are lower than at Hmax 
intensity. In the patients, however, variances for 0.5 Hma x CVIs 
are larger than the ones found at Hm~ intensity, resulting in a 
wider overlap between the 0.5 Hma x CVIs. Furthermore, in the 
controls mean values for the Htota I CVIs are greater than the 
ones found at Hnu = intensity level while, in the patients, all of 
these values are of a similar magnitude, This causes a consider- 
able overlap between CVI values at Htot~ intensity. The results 
for ntota I CVIs are similar to the results for the 'classical' VI. 

Fig. 2 represents the various indices and H / M  ratios for 
P-P and area values as function of age. All indices show a 
significant ( P  < 0.005) increase with increasing age, whereas 
H / M  ratios show a significant ( P  < 0.0001) decline with age. 

The stepwise diseriminant analysis gave the following re- 
sults. Area CVI at Hma x intensity as a first variable presents 
the best discrimination showing a canonic correlation of 0.77. 
The introduction of P-P H / M  ratio as a second variable yields 
an additional contribution to the classificatory function and 
increases the canonic correlation to 0.81. The remaining vari- 
ables did not contribute significantly ( P  > 0.01) to the segrega- 
tion of controls from patient subjects. A formula can be 
derived with the use of the former 2 variables yielding the 
canonic variable, i.e., = - 2 . 1 6 × ( P - P  H / M  r a t i o - 5 5 . 6 0 ) -  
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5.39 × (area CVI at Hma x intensity- 35.03). A canonic varia- 
ble, in our calculation, of less than - 7 0  was classified as 
pathologic. In this way 44 (96%) out of 46 controls are cor- 
rectly assigned, while for the patients this was the case for 15 
(94%) out of 16 subjects. In order to obtain a comparison 
between the variables recommended previously and the present 
ones, the stepwise discriminant analysis had to be extended to 
include both the 'classical' P-P VI and H / M  ratio. This 
resulted in a canonic correlation of 0.67 for the 'classical' VI 
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Fig. 2. Upper 3 panels: CVI for P-P and area measurements at 
0.5 Hma~, Hra~ and Htot~ intensity levels related to age in the 
control subjects and the spastic patients. In the control group 
regression analyses demonstrated significant (P < 0.005) posi- 
tive correlations with age. Note that the 2 S.D. level (dotted 
lines) increases from the 0.5 Hma x CVIs to the 'classical' 
indices. The variances for 0.5 Hma x CVIs in the patients are 
larger compared to the ones for the other indices. Lowest 
panel: ratio of maximum H-reflex to maxinaum M-response 
(H/M ratio) for P-P and area values. In the control group 
regression analyses demonstrated significant (P < 0.0001) 

negative correlations with age. 

TABLE I 

Mean values (,X) with standard deviations (S.D.s) of the vari- 
ous CVIs, 'classical' VIs and ratio of maximum sol°us H-reflex 
to maximum M-response ( H / M  ratio) for both control and 
patient subjects. 

Control subjects Patient subjects 

.X(%) S.D.(%) ,X(%) S.D.(%) 

CVI 
P-P 0.5 Hm~ 14 16 67 33 
Area 0.5 Hma x 15 15 66 32 
P-P Hma x 22 18 72 18 
Area Hmax 23 17 71 18 
P-P Htota I 35 20 78 16 
Area Htota I 41 20 76 15 

V1 
P-P 'classical' Hma x 37 23 81 15 
Area 'classical' Hm~ 41 22 81 14 

H I M  ratio 
P-P 49 20 75 26 
Area 47 23 77 30 

and 0.47 for the H / M  ratio. Inclusion of both variables 
yielded a canonic correlation of 0.75, while 41 (89%) controls 
and 15 (94%) patients were classified correctly. 

As far as the influence of age is concerned, there was no 
improvement in distinguishing controls from patients when 
effect of age was used in the analyses, with the exception of the 
H / M  ratio, for which the canonic correlation improved from 
0.47 without correction for age to 0.61 when such correction 
was made. Thirty-two (69.5%) controls were accurately classi- 
fied with H / M  ratio only and 42 (91%) controls with its 
regression equation, while the number of patients who were 
classified correctly was identical (12 (75%) individuals) whether 
correcting for age had been used or not. 

D i s c u s s i o n  

Spasticity as a parameter of motor dysfunction is difficult 
to measure because of its complex nature. Clinical methods 
rely on arbitrary grading of severity. More quantitative tests 
are, therefore, needed for documenting the present state as well 
as the alterations during repeated studies with or without 
treatment. Considering the H-reflex characteristics, the 'classi- 
cal' VI has been previously suggested to be preferable to 
calculation of the H / M  ratio (Angel and Hofmarm 1963; 
Ashby and Verrier 1976; Taylor et al. 1984). Furthermore, it 
has been documented that maintaining the calf muscles at 
constant length and tension as well as electrode placement over 
the solens muscle just below the gastrocnemius bellies are of 
greater importance in generating consistent results than the 
subject's state of relaxation (Matthews 1966; Hugon 1973). 
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In our controls mean CVI values increased with increasing 
intensity, indicating that vibration loses its efficacy in sup- 
pressing the H-reflex at higher intensities. A similar finding has 
been reported by Van Boxtel (1986). When comparing the 
'classical' VI with the new CVI at Hma x intensity, it is worth 
noticing that mean values and S.D.s of the former are markedly 
greater than those of the latter, due to the fact that, contrary to 
the 'classical' VI, effects at lower intensities are integrated in 
the CVI. 

Considering the effect of age brought about by tendon 
vibration in our controls, there was less depression of the Sol 
H-reflex with advancing age, resulting in an increase of the 
various VIs. Conversely, the H / M  ratio declines with age, 
suggesting that the Sol H-reflex amplitude diminishes with 
increasing age. The contribution of the H / M  ratio is important 
in the light of the opinion given by other investigators (Pinelli 
and Valle 1960; Angel and Hofmann 1963; Ashby and Verrier 
1976), who rejected the H / M  ratio because of its wide variabil- 
ity. As opposed to their results, we have adjusted our method 
as to weigh the effect of age, which made the H / M  ratio useful 
under adequate conditions in distinguishing between controls 
and spastic patients. A decline of the H / M  ratio with age has 
also been found by Delwaide (1971). 

In the stepwise discriminant analysis the area CVI at Hrnax 
intensity with the additional employment of the P-P H / M  
ratio yielded the greatest discerning power in distinguishing 
controls from patients. CVIs at 0.5 Hr~x intensity did not 
score as well as CVIs at Hm~x intensity, despite the lower mean 
and S.D. values of the former parameters. However, in the 
spastic patients S.D. values of 0.5 Hra~x CVIs showed a wider 
range of variation, caused by the fact that in some patients a 
relatively large suppression and in others even a small increase 
of the reflex response was noted during vibration. Apparently, 
a larger variance in inhibition existed in the upward slope than 
at the top of the recruitment curve in the patient group. 

Our study demonstrated that when employing the CVI and 
the H / M  ratio of the Sol H-reflex in a selected group of 
spastic patients and in a sufficiently large number of controls, 
specificity of the neurophysiological measure of spasticity is 
improved, i.e., the ability to distinguish those individuals not 
having the disease. It should be noted that our formula for the 
canonic variable describes the application of an essentially 
empirical method, given the limitations imposed by the selec- 
tion constraints inherent in patient group studies. Further 
studies are needed to validate the efficacy of the proposed 
statistical method in investigations of the broad spectrum of 
human spasticity. 

The authors appreciate the help of Dr. D.N. Velis in 
reading the English text and Mrs. J.E. Van Gulik for the 
preparation of the manuscript. 
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