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Chapter 2 

Soleus H-reflex tests relevant 
to the present Study 





Soleus H-reflex tests 

In this thesis soleus H-reflex tests are used for the study of pathophysiological 

mechanisms involved in dystonia. These tests may give an objective quantitative measure 

of activities of segmental spinal cord circuits and suprasegmental control on these 

circuitry actions. Some relevant aspects are discussed. 

By electrical stimulation of the posterior tibial nerve in the popliteal fossa two 

consecutive contractions can be obtained in the triceps surae muscle (Schieppati 1987). 

A short latency activation of the motor units of the triceps surae muscle is due to 

direct activation of the efferent fibers from the alpha-motoneurons and has a latency 

of about 6 msec. A late latency response, an indirect muscle action, is reflexogenous 

in origin. It has a latency of about 35 msec and is elicited by activation of group la 

afferent fibers from muscle spindles. These fibers impinge upon homonymous 

motoneurons and have an excitatory effect upon these neurons. If the afferent impulse 

volley is large enough, action potentials are generated in motoneurons activating the 

extrafusal force producing muscle fibers. The intrafusal muscle spindles are activated 

by stretch. They are innervated by gamma motoneurons which regulate their sensitivity 

to stretch. The indirect response may occur in isolation, without the direct potential 

since la fibers have a threshold activation level below the one of motor fibers. The 

direct muscle potential is called "M"-potential, whereas the indirect response is known 

as the "H"-reflex response, called after Hoffmann being the first who described the 

reflex response (1910). 

Stimulation and recording variables as well as subject posture may influence soleus 

H-reflex test results. The optimal stimulus duration for preferential!}' activating la afferents 

is 0.5 to 1 ms (Panizza et al. 1992). With shorter duration of stimulation, activation 

threshold levels of la afferents may fall below those of motor fibers. Generating an H-

reflex may influence the response to a subsequent stimulus for up to 30 seconds (Bour 

et al. 1991). Therefore, intervals up to 30 seconds are needed between consecutive stimuli 

to ensure independence of test reflexes. Fixation of the leg and foot to maintain the 

calf muscle at constant length, and electrode placements over the soleus muscle just 

below the gastrocnemius bellies are important for consistent results (Matthews 1966; 

Hugon 1973). Accordingly, soleus H-reflex tests are best studied in subjects seated in a 

standardized position, i.e., in a semi-reclining chair with arms supported and knees flexed 

to about 120 degrees. Furthermore, the feet are strapped to a footplate with an angle 

of about 100 degrees in the ankle to allow the study under isometric conditions. 
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Passive shortening of the soleus muscle may result in an increase of H-reflex responses 

and M-potentials (Gerilovsky and al. 1989). For bipolar recordings with surface 

electrodes the active electrode should be placed below the insertion of the 

gastrocnemius tendons in the midline of the soleus muscle. The reference electrode is 

placed 3 cm distally (Hugon 1973). However, a more distal recording is advocated by 

Maryniak and Yaworski (1987). The posterior tibial nerve should be stimulated by a 

bipolar stimulator of which a small cathode is placed in the popliteal space, and a 

larger anode on the anterior side of the leg just above the patella (Hugon 1973). 

An H-reflex recruitment curve can be constructed bv plotting response amplitudes 

Stimulus 
M-wavc 

Figure 1. Successive recordings of Soleus H-reflex responses and M-potentials with increasing 
intensity of stimulation. With low intensity of stimulation only an H-reflex response is elicited. 
With increasing stimulation intensity a M-potential occurs also. By further increasing intensity of 
stimulation the M-potential plateaus at its maximal value, while the H-reflex response disappears. 

as a function of stimulus intensities. (Hugon 1973; Delwaide 1973; Ashby and Verrier 

1976; Van Boxtel 1986; Ongerboer de Visser et al. 1989; Bour et al. 1991. In general H-

reflexes of low amplitude will initially be elicited with low stimulus intensities (figure 1). 

Bv increasing the intensity the H-reflex will reach a maximum amplitude (Hmax). 

The M-potential appears mostly before an Hmax is achieved. By further increasing 
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stimulus intensities the M-potential plateaus after supramaximal stimulations to a 

maximal level (Mmax), when all soleus motor units are activated, while the H-reflex 

gradually attenuates (Taborikova 1966). Attenuation of the H-reflex may be due to 

collision of ascending retrogradely conducted impulse volleys generated by stimulation 

of mo to r fibers and descending impulses conducted through efferent fibers of 

motoneurons that are activated by la afferents (Magladery and McDougal 1950). More 

likely, however, reflex response attenuation may be due to inhibitory mechanisms at 

the motoneuronal level itself (Hilgevoord et al. 1995). 

The H-reflex recruitment curve depicts the relation between stimulus intensity and 
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Figure 2. Recruitment curves of peak-peak values as well as area values of soleus H-reflex responses 
(closed triangles) and M-potentials (open triangles) (adapted from Willemse et al. 1994). 

H-reflex response amplitude. For quantification of the magnitude of the H-reflex 

response and M-potential peak to peak values as well as area values of rectified E M G 

responses are used for the construction of the recruitment curves (figure 2). The 

H m a x / M m a x ratio expresses the largest proport ion of the soleus motoneuron pool 

that can reflexly be activated, and may reflect the excitability state of the motoneuronal 

pool (Angel and Hofmann 1963; Matthews 1966; Taylor et al. 1984; Ongerboer de 
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Visser et al. 1989). Higher amplitudes of maximal H-reflex responses may result from 

an increase in recruitment gain, i.e. the slope of the curve describing motoneuron 

activation as a function of stimulus intensity, or a decrease in recruitment threshold, 

i.e., the minimal stimulus intensity that activates the most excitable motoneurons 

(Hilgevoord et al. 1994). The mean absolute difference of the H / M ratio in two 

consecutive sessions obtained in 20 healthy control subjects was 6% (range 0-14%) 

(Hilgevoord et al. 1994). 

Originally it was accepted that the triceps surae H-reflex was a monosynaptical 

reflex (Schieppati 1987). However, oligosynaptic as well as monosynaptic pathways 

may be activated by the incoming impulse volley generated by the electrical stimulation 

of the posterior tibial nerve (Burke et al. 1983,1984). Animal experiments show that 

la afferent fibers from muscle spindles impinge onto motoneurons both directly and 

through spinal interneurons (Jankowska et al. 1981). In addition, the afferent volley of 

impulses evoked electrically contains a variety? of impulses other than from group la 

fibres from muscle spindles of the triceps surae muscle. It generates impulses travelling 

through lb afferents from Golgi tendon organs as well as muscle spindle afferents 

from foot muscles and afferent impulses from cutaneous structures as well. The la 

induced excitatory postsynaptic potential (EPSP) has a rise time, allowing enough 

time for other stimulus-induced inputs in addition to the monosynaptic input, to exert 

some effect through oligosynaptic pathways before the time in which the motoneurons 

would reach threshold levels (Burke et al. 1984). The EPSP rise time for the H-reflex 

is very short, being, probablv, less than 2 ms and allows postsynaptic temporal 

summation only to a limited extent (Schiepatti 1987). 

The H-reflex amplitude may change as a consequence of segmental and supraspinal 

actions. The amount of inhibition or facilitation of the H-reflex response may provide 

information about the integrity and efficacy of some neural pathways relevant in 

determination of the excitability of the motoneuron pool. Facilitatory and inhibitory 

influences upon the motoneuron pool are reflected by the amplitude of the H-reflex 

response under study (Meinck 1980; Crone et al. 1990). With increasing size of the 

test reflex response the number of motoneurons additionally recruited by an excitatory 

conditioning stimulus first increases, then reaches a peak and finally decreases (Crone 

et al. 1990). A similar relation is also seen with inhibitory conditioning stimuli. Partly, 

the findings can be explained by different susceptibilities of differently sized 

motoneurons for inhibitory and facilitatory influences (Henneman et al. 1965 a,b). 
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From a practical point of view, therefore, it is necessary to use control reflexes of 

similar size, when assessing the effects of a conditioning stimulation on the H-reflex 

(Hugon 1973; Crone etal. 1990; Hilgevoord and Ongerboer de Visser in press). Some 

relevant test situations will be discussed. 

The H-reflex recovery curve 

When a second, test, H-reflex response is elicited after a first, conditioning, H-

response, the relative size of the second response is influenced bv the first one as a 

function of the time interval between the two stimuli. A recovery curve can be 

constructed by plotting the test H-response relative to the conditioning one as function 

of time interval between the two stimuli (figure 3). In normal subjects, a second H-

reflex response elicited within 3 up to 20 msec after the conditioning one, causes a 

facilitation of the second response. An early first suppression of the test H-reflex 

response occurs, when it is elicited 20 to 50 ms after the conditioning one, while a 

second period of facilitation occurs with time intervals of 100 up to 300 ms. With 

longer time intervals a second period of suppression of the test H-reflex response 

can be found. Complete recovery of the test H-reflex response to control values may 

take up to a 30 second time interval between the two stimuli (figure 3) (Taborikova 

and Sax 1969; Bour et al. 1991). Recovery curves may be studied using varying stimulus 

intensities to elicit H-reflexes responses with different amplitudes. Recovery curves 

constructed by intensities below the one to elicit the maximal H-reflex response may 

be preferred in studies of movement disorders as they have greater discriminating 

capacities (Bour et al. 1991). The underlying mechanisms that bring about the particular 

time-course of the recovery curve are not firmly established. Inhibition with stimulus 

intervals below 3 msec is probably caused by refractoriness of the la afferent fibers. 

The first relative facilitation peak may be due to temporal summation of excitatory 

postsynaptic potentials (EPSP) of the motoneurons. The subsequent inhibition is 

explained by inhibitory postsynaptic potentials (IPSP) caused by activation of Golgi 

tendon organs and Renshaw cells. The facilitation occurring at the 100-300 ms time 

interval can still be evoked by conditioning stimuli below motor fiber threshold levels, 

thus pointing to mechanisms called into action by la afferents or cutaneous afferents 

(Taborikova et al. 1966; Taborikova and Sax 1969; Gassel 1970; Katz et al. 1977). The 

rebound discharge of muscle spindle afferents during relaxation after the twitch evoked 

by the conditioning stimulus may contribute to the facilitation (Kagamihara et al. 
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1998). The long-lasting suppression of the H-reflex response cannot be attributed to 

a long-lasting decrease of excitability of the motoneurons themselves, since, they can 

be easily activated from other sources such as from magnetic brain stimulation 

(Hultborn et al. 1996; Kohn et al. 1997). 

T h e late suppression is evoked by activation of the la afferents even when the 

afferent volley fails to evoke a motoneuronal discharge. The most likely interpretation 

is that the preceding impulse activity causes a prolonged decrease of transmitter release 

0.1 1.0 10.0 
delay S2-S, (log sec) 

Figure 3. Recovery curve of the soleus H-reflex. A stimulus intensity eliciting Vi Hmax is used. 
H-reflex responses to the tests stimulus are presented as the percentage of the H-reflex respons 
to the conditioning stimulus. Peak-peak values (closed squares) as well as area values (open squares) 
are showed (adapted from Willemse et al 1994). 

upon subsequent impulses. This type of presynaptic depression is unaffected by G ABA-

antagonists. This transmitter release related inhibition has been named post-activation 

depression or homosynaptic depression, frequency depression or habituation. The 

inhibitory action can be found following a tendon tap, an electrical nerve stimulation, 

voluntary contraction or passive lengthening of the muscle (Hultborn et al. 1996). 

V i b r a t o r y inh ib i t i on 

Vibration applied to the Achilles tendon or the belly of the soleus muscle or nearby 

muscles induces a strong la afferent discharge and response reduction of the soleus 

H-reflex (De Gail et al. 1966; Rushworth and Young 1966; Marsden et al 1969; Delwaide 
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Figure 4. Recruitment curves of peak-peak values as well as area values of soleus H-reflex responses 
(closed) and M-potentials (open) without vibration (triangels) and with vibration (circles) (adapted 
from W'illemse et al. 1994). 

1971, 1973; Burke et al. 1976). T h e total inhibitory action as a function of stimulus 

intensity can be shown by the soleus H-reflex recruitment curve recorded before and 

during vibration (figure 4). The classical vibratory index compares the maximum soleus 

H-reflex amplitude elicited during vibration with the reflex maximum amplitude elicited 

without tendon vibration (Delwaide 1973; Ashby and Verrier 1976). N o attention has 

been paid to the stimulus intensity to elicit the maximal response during both these 

conditions. The intensity level may not be the same for the maximal H-response elicited 

with or without vibration (Ongerboer de Visser et al. 1989). A cumulative vibratory 

index (CVI), defined as the quotient between the surface under the recruitment curve 

obtained during vibration and the one obtained without tendon vibration, incorporates 

all vibratory effects up to a certain intensity (Ongerboer de Visser et al. 1989; Bour et 

al. 1991). As inhibition of the H-reflex may not be caused bv an uniformelv distributed 

suppression of the motoneuron pool the CVI may increase the discriminative effects 

in the study of patients with movement disorders (Ongerboer de Visser et al. 1989; 

Bour et al. 1991; Hilgevoord and Ongerboer de Visser 2001). 
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Reduction of the H-reflex during vibration is not due to occlusion in la fibers from 

vibration induced activity (Gillies et al. 1969). During vibration the excitability of the 

motoneuronal pool is not changed by other inputs (Delwaide 1973). Inhibition is 

present even when vibration induces a reflex contraction in the muscle, such as the 

tonic vibration reflex where motoneurons are postsynaptically facilitated. Vibratory 

inhibition may be caused by primary afferent depolarisation (PAD) induced by axo-

axonal GABA-ergic synapses, which produces presynaptic inhibition by reducing 

transmitter release (Frank and Fuortes 1957; Eccles and al. 1962; Gillies et al. 1969; 

Delwaide 1971). In cats the reflex response was suppressed by vibration of the hind 

limb, but not by selective vibration of cutaneous receptors. Suppression was still 

observed after the hind limb was skinned (Gillies et al. 1969). In contrast, the 

phenomenon disappeared when all muscle nerves were crushed. Inhibitorv effects on 

the reflex response could be recorded from the soleus muscle or from the ventral 

root. The group la afferent fibers are considered the most probable mediator of 

vibration-induced reflex suppression as Golgi tendon organs and secondary spindle 

endings are relatively insensitive to vibration. With microneurographic recordings the 

excitability of motoneurons tested by direct stimulation was normal during vibration, 

while the reflex was profoundly reduced (Gillies et a l l 969). In addition, non GABA-

ergic post activation depression as described earlier, may contribute in vibratory 

inhibition, especially, when vibration is applied to the Achilles tendon for longer periods. 

Depression of the soleus H-reflex induced bv a tap to the tendon of the biceps femoris 

muscle and facilitation of the soleus H-reflex by heteronymous monosynaptic la 

faciltation through stimulation of the femoral nerve may reflect GABA-ergic 

presynaptic inhibition more purely than vibratory induced inhibition (Hultborn et al. 

1987a; Nielsen et al.1995; Morita et al. 1998). 

T h e H-reflex in relation to muscle contraction 

The H-reflex can be elicited between a warning signal, i.e., the signal that indicates 

that the movement has to be performed after a given time interval, and the response 

signal, i.e., the signal that indicates that the movement actually has to be performed. 

The warning signal may be followed by a small and short-lasting facilitation of H-

reflex responses in both legs (Schieppati 1987). This facilitation is, probably, due to a 

general non-specific arousal. Thereafter, as the expected response signal comes closer, 

the H-reflex response in the non-involved leg remains facilitated, whereas the H-
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reflex in the leg that has to be moved drops towards its control value (Brunia and 

Vuister 1979; Sullivan 1980), or even shows a slight degree of inhibition. After the 

response signal the evoked H-reflex response increases sharply. This facilitatory effect 

precedes the movement related EMG by 100-160 msec (Eichenberger and Rüegg 

1984, Riedo and Rüegg 1988). Presynaptic inhibition of la terminals on motoneurons 

of contracting muscles is diminished. The lower inhibition permits a larger la activity 

to contribute to the excitation of an enlarged number activated motoneurones, whereas 

presynaptic inhibition induced by spindles of muscles not participating in the 

contraction is increased (Hultborn et al. 1987b). Subsequent release of muscle 

contraction is characterized by a temporary lowering of the H-reflex response 

(Schieppati and Crenna 1984; Abbruzzese et al. 1998). The reduction of the amplitude 

of the H-reflex response is restricted to the relaxing muscle. The H-reflex response 

amplitude decreases below the resting values in spite of persistent EMG activity. It 

appears that a presynaptic inhibition of the la afferent fibers originating from the 

muscle spindles of the relaxing muscle is the main underlying mechanism responsible 

for the H-reflex inhibition. 
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