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Summary Different soleus H-reflex tests are used in the study of neurophysiological mechanisms of motor control. We studied the 
interdependence pattern of a number of soleus H-reflex tests, i.e., vibratory inhibition, the ratio of the reflex response to direct muscle potential 
(H /M ratio) and the homonymous recovery curve with a principal components analysis in 48 healthy controls and 38 patients with signs of the 
upper motoneuron syndrome. In controls, the analysis showed 3 independent principal components (PCs). Vibratory inhibition and H / M  ratio 
loaded on separate components. Late facilitation and late inhibition variables of the recovery curve loaded on the third component due to the 
positive correlation (P < 0.001) between these variables. In spastic patients the analysis identified 4 independent PCs corresponding with 
vibratory inhibition, H / M  ratio, late facilitation and late inhibition variables, respectively. The findings suggest that the mutual independence of 
the different soleus H-reflex tests in patients with the upper motoneuron syndrome has retained the control situation to a large extent. 
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Soleus H-reflex tests are used in the study of move- 
ment disorders as they may provide quantitative infor- 
mation of functions of some neurophysiological mecha- 
nisms at the spinal level (Delwaide 1984; Bour et al. 
1991). The ratio between maximal soleus H-reflex re- 
sponse and direct muscle (M) potential ( H / M  ratio), 
H-reflex suppression during vibration, and the 
homonymous recovery curve obtained by paired stimuli 
to the posterior tibial nerve, are supposed to reflect 
motoneuron excitability, presynaptic inhibitory mecha- 
nisms acting on Ia terminals and the reactivity of 
interneuronal circuits, respectively (Gillies et al. 1969; 
Delwaide 1973; Pierrot-Deseilligny et al. 1976). In the 
upper motoneuron syndrome reflex changes observed 
are increased H / M  ratio, decreased vibratory inhibi- 
tion and changes of the recovery curve (Delwaide 1973; 
Ongerboer  de Visser et al. 1989; Bour et al. 1991). 

Interrelationships between soleus H-reflex parame- 
ters in the healthy situation are largely unknown and it 
is unknown if and to what extent the interrelationships 
of these parameters are altered in the upper motoneu- 
ron syndrome. If quantitative changes of the different 
soleus H-reflex tests in spasticity have a common ori- 
gin, interrelations would be expected to alter in spastic- 
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ity compared to the healthy situation. The purpose of 
the present study was to explore the interdependence 
between quantitative data acquired by soleus H-reflex 
tests with the use of a multivariate statistical approach 
known as principal components analysis (PCA), in a 
group of healthy individuals and a group of patients 
with upper motoneuron lesions and thus to facilitate 
insights in interrelations among neurophysiological 
mechanisms in both groups. 

Methods 

Subjects 
The control group consisted of 48 healthy individu- 

als aged 20-70 years (mean 38 years). The patient 
group consisted of 38 selected patients with evident 
clinical features of an upper motoneuron lesion in the 
lower limb, aged 18-75 years (mean 47 years) and has 
been described earlier (Koelman et al. 1993). Nine 
patients had a cerebral lesion; 15 had a myelopathy; 14 
had slowly progressive spastic paraparesis of whom 
seven had a positive family history. Duration of the 
disease varied from 2 months to 45 years (mean 7.5 
years). At the time of investigation none of the patients 
received medical therapy known to influence spasticity. 
All subjects gave informed consent. 
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Experimental procedure 
Recording and stimulation techniques for the soleus 

H-reflex have been described previously (Hugon 1973; 
Ongerboer de Visser et al. 1989). During all tests, the 
subject was seated in a reclining chair in a stan- 
dardized position. H-reflexes were only elicited in the 
absence of any EMG activity. Reflex responses were 
elicited by 1 msec square current pulses to the poste- 
rior tibial nerve in the popliteal fossa. The time inter- 
val between successive trials was at least 30 sec. An 
H-reflex recruitment curve (Fig. 1, left) consisted of 
12-20 H-reflexes elicited at different intensities. The 
maximal H-reflex response and maximal M-potential 
were used for the H / M  ratio. The Achilles tendon was 
vibrated with a frequency of 100 Hz and an undamped 
amplitude of 1 mm. The cumulative vibratory index 
(CVI) was used as a quantitative measure for the 
vibratory effects on the H-reflex (Ongerboer de Visser 
et al. 1989). As the amount of vibratory inhibition may 
be influenced by the size of the control H-reflex (Crone 
et al. 1990), CVIs at the stimulus intensity (S1) yielding 
the maximal H-reflex response (Hma x) and the stimulus 
intensity ($2) yielding half of the maximal response (0.5 
Hma x) were both used. 

H-reflex recovery curves (Fig. 1, right) were con- 
structed by application of 15-20 paired square wave 
pulses of equal intensity at which the H-reflex reaches 
half its maximum amplitude value. Time intervals be- 
tween conditioning and test stimulus were chosen at 
100, 150, 200, 250, 300, 350, 400, 450 and 500 msec and 
at 1, 3, 10 and 30 sec. The local maximum of the test 
reflex occurring in the late facilitatory phase (LF) at a 

stimulus time interval ranging from 50 to 320 msec and 
the local minimum of the test H-reflex found in the 
late inhibitory phase (LI) of the recovery curve at a 
stimulus time interval ranging from 320 to 1000 msec 
were recorded. For all tests peak-to-peak (PP) as well 
as area (AR) values of H-reflex responses and M 
potentials were calculated. 

Statistical analysis 
To assess the interdependence of the 10 variables 

yielded by the H-reflex recruitment curves and recov- 
ery curves, we performed a PCA (BMDP Statistical 
Software) in the control group and the patient group. 
A correlational matrix of the 10 neurophysiological 
variables was constructed and factored in a PCA. After 
extraction of principal components (PCs), orthogonal 
rotation of the PC pattern was performed with the 
Varimax method. Only PCs with eigenvalues greater 
than 1.0 (Kaiser-Guttman criterion) were used for or- 
thogonal rotation. Components were interpreted if 
eigenvalues were greater than 1.0 and if the compo- 
nent contained variables with rotated component load- 
ings of 0.4 or more. 

Results 

A PCA, with Varimax rotation, was performed on 
the 10 variables yielded by the H-reflex recruitment 
and recovery curves, for the patient and control group 
separately. Table I shows the mean values of the vari- 
ables in both groups. Table II shows the PC loadings 
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Fig. 1. Soleus H-reflex test results in a healthy subject. A: recruitment curves of soleus H-reflex response (solid) and muscle (M) potential (open), 
peak-to-peak as well as area values, without vibration (triangle) and during vibration (circle) of the Achilles tendon. All values are presented as 
percentages of the maximum M potential. B: recovery curve of soleus H-reflex response for peak-to-peak (open square) and area (solid square) 
values at 0.5 nma x stimulus intensity. All values of the H-reflex response to the test stimulus are presented as percentages of the preceding 

H-reflex response to the conditioning stimulus. The time interval between the conditioning and test stimulus is shown on a logarithmic scale. 
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TABLE I 

Mean (S.D.) values (%) of the H-reflex recruitment 
curve variables in control and spastic subjects. 

and recovery 

Variables Controls (n = 48) Spasticity (n = 38) 

Mean (S.D.) Mean (S.D.) 

H/Mpp 48 (18) 68 (29) 
H/MAR 46 (21) 67 (31) 
CVIpe (S1) 19 (16) 60 (27) 
CVIpp ($2) 12 (14) 52 (35) 
CVIAR (SI) 21 (19) 62 (26) 
CVIAR ($2) 13 (14) 56 (37) 
LFpp 46 (22) 84 (30) 
LFAR 42 (20) 78 (29) 
LI eP 18 (13) 37 (20) 
LIAR 17 (11) 36 (20) 

H/M = H to M ratio; PP = peak-to-peak value H-reflex response; 
AR = area value H-reflex response; CVI = cumulative vibratory in- 
dex; S1 = stimulus intensity at Hmax; $2 = stimulus intensity at 0.5 
Hmax; LF = late facilitatory phase in the recovery curve; LI = late 
inhibitory phase in the recovery curve. 

for both  the control  and pa t i en t  groups after rotat ion,  
with the percent  of var iance  accounted  for by each 

componen t .  The  loadings represen t  the corre la t ion  co- 
efficient of each variable and  the respective PCs. 

Controls 
In  the control  group the PCA produced  3 PCs. CVIs 

at 0.5 Hma x and Urea x loaded highly on the first compo-  
nen t  (PC1) exclusively. The  second c o m p o n e n t  (PC 2) is 
composed of recovery LF and  LI indices. These  indices 
loaded on the same c o m p o n e n t  due  to a significant 
positive corre la t ion (range of corre la t ion coefficients 
0.470-0.490; P < 0.001) be tween  the variables  of the 
LF and  LI phase of the recovery curve. The  third 
c o m p o n e n t  (PC 3) was p redominan t ly  in f luenced  by 
H / M  ratios. The  componen t  s t ructure  accounted  for 
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85.4% of total  var iance in data  space of the control  

group, and the e igenvalues  for PC1, PC 2 and  PC 3 were 
4.0, 2.8 and  1.7, respectively. 

Patients 
In  the pa t i en t  group a 4 -componen t  solut ion was 

obta ined.  All  4 CVI features  loaded highly on the first 

c o m p o n e n t  (PCt) .  The  second c ompone n t  (PC2), sum- 
marizes H / M  variables. LI and  LF variables loaded on 

separate  componen t s  (PC 3 and  PC4) , and  this reflects 
the absence of any corre la t ion (range 0.135-0.182; 
P >  0.05) be tween  LI and  LF indices. None  of the 
ob ta ined  PCs con ta ined  variables associated to each of 
the other  components .  Together ,  the total var iance 
accounted  for in the 4 componen t s  is 95.77%. The 

eigenvalues for PC1, PC 2, PC 3 and PC 4 were 3.8, 2.2, 
1.9 and  1.6, respectively. 

Discussion 

In  the present  study the i n t e r de pe nde nc e  of part icu-  
lar spinal  reflex mechanisms  as measured  with soleus 
H-reflex tests in spastic and control  subjects was stud- 
ied by means  of a PCA. Al though  considerable  in- 
ter individual  var iances for the different  tests exist, the 

P C A  allows to observe some tendenc ies  towards spatial 
dis tances be tween  the cons idered  variables. The PCs 
can be in te rpre ted  in terms of the mechan i sm associ- 
a ted to the variables in a descriptive sense. The  use of 
a P C A  in the assessment  of mul t ivar ia te  data can 
reduce  the data set wi thout  loss of essential  informa-  
t ion and  visualize the i n t e r de pe nde nc e  of mul t iple  
measu remen t s  in soleus H-reflex tests. Noteworthy is 
that  P CA  is qui te  robust  to deviat ions from mult ivari-  
ate normal  dis t r ibut ions (Koziol and Hacke 1990). 

TABLE II 

Control and patient group. Loadings of the principal components (PCs) on the neurophysiological measures derived by means of principal 
components analysis (Varimax rotation). 

Variables Control group Patient group 

PC l PC2 PC 3 PC 1 PC 2 PC 3 PC 4 

CV1pp (S1) 0.940 0.168 - 0.017 0.900 0.344 0.045 0.070 
CVI pp ($2) 0.945 - 0.087 - 0.086 0.939 - 0.010 - 0.019 0.106 
CV1AR (S1) 0.875 0.208 -0.144 0.942 0.165 0.048 0.081 
CVIAR ($2) 0.940 -0.063 -0.172 0.942 -0.153 -0.013 0.116 

LFpp - 0.035 0.889 0.100 0.129 0.011 0.098 0.980 
LFAR -- 0.047 0.881 0.108 0.124 0.014 0.063 0.983 

LIee 0.154 0.820 - 0.181 0.038 - 0.018 0.991 0.068 
LIAR 0.141 0.825 -- 0.222 -- 0.005 -- 0.020 0.990 0.088 

H/M pp - 0.155 - 0.038 0.966 0.048 0.988 - 0.039 - 0.012 
H/MAR -- 0,114 -- 0.065 0.965 0.117 0.977 -- 0.002 0.034 

VP (%) 35.08 30.07 20.26 35.16 21.02 19.81 19.78 

VP = proportion of variance explained by the PC. See for further abbreviations Table I. 
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The analysis reveals a certain amount of redundancy 
in the neurophysiological indices. Measurements of 
either PP and AR values or CVIs at 0.5 Hma x and Hma x 
in control and spastic subjects could be dropped from 
analysis without substantial loss of information. How- 
ever, in other movement disorders these properties 
may show discriminative power (Bour et al. 1991). 

In control subjects, CVI and H / M  ratio are repre- 
sented by distinct components and are, therefore, inde- 
pendent of each other, but the LF phase and LI phase 
of the recovery curve are combined in one component, 
due to the positive correlation of both phenomena. 
The activity of spinal interneuronal circuits as repre- 
sented by LF and LI is neither related to CVI nor to 
H / M  ratios. 

In the upper motoneuron syndrome distinct quanti- 
tative changes in the amplitude of soleus H-reflex 
variables occur. However, alterations in upper mo- 
toneuron lesions did not act simultaneously on the 
various neurophysiological segmental mechanisms as 
studied with soleus H-reflex tests, which would have 
resulted in a greater interdependence of the variables 
than in the control situation. With the statistical method 
used in the present study, no relationship was found 
between vibratory inhibition and H / M  ratio in the 
group of spastic patients, which is in agreement with 
previous findings (Delwaide 1984; Koelman et al. 1993; 
Levin and Hui-Chan 1993). Vibration of the Achilles 
tendon is supposed to suppress the H-reflex predomi- 
nantly by an autogenic axo-axonal presynaptic inhibi- 
tion, although other mechanisms have been suggested 
as well (Gillies et al. 1969; Delwaide 1973; Hultborn et 
al. 1987). Our findings thus would indicate that an 
increased motoneuron excitability expressed by an in- 
crease of H / M  ratios in patients is probably not de- 
pendent on a reduction in presynaptic inhibitory mech- 
anisms, but may be the result of other, direct facilitat- 
ing, mechanisms on motoneurons. 

Contrary to controls, the LF and LI variables in the 
recovery curve were independent in the patient group. 
So, a normal "coupling" of the LF phase and the LI 
phase in patients is lost, which may be due to the 
altered reactivity of some spinal interneuronal circuits 
(Pierrot-Deseilligny et al. 1976; Delwaide 1985). Our 
results in the patient group are in agreement with 
indirect evidence from studies, which show that in man 
specific myorelaxant drugs may induce changes in the 
recruitment curve, without modifying the results of the 
recovery curve and vice versa (Delwaide 1985). In 
patients with signs of the upper motoneuron syndrome 
the clinical characteristics may occur independently 
and in different combinations (Dohrmann and Nowack 
1974). As alterations in soleus H-reflex test results may 
relate to specific clinical findings (Koelman et al. 1993), 

the independence of soleus H-reflex tests may reflect 
this clinical heterogeneity. 

In conclusion, the present study shows that in pa- 
tients with features of the upper motoneuron syndrome 
and in healthy control subjects, results of soleus H-re- 
flex activities are mutually independent to a large 
extent and thus can be considered separately. These 
results seem to support the conceptual framework of 
independent neurophysiological mechanisms involved 
in normal as well as in disturbed movement. 
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