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31.1            Introduction 

 Bending the neck and turning the head respecting to the body cause the stimulation 
of the cervical proprioceptors. This kind of receptors activates a pathway projecting 
to the vestibular nuclei. 

 The impulses are refl ected through the nucleo-reticular formation and then to the 
spinal cord. Such activation allows movements of the neck to infl uence the postural 
set and to modify the activation of the antigravity muscles of the lower limbs. 

 This pattern of muscular activation is hypnotized on the basis of the so-called 
neck-postural refl exes, or better named cervico-spinal refl ex [ 1 ]. During the con-
traction of the paravertebral muscles of the neck, there is a response characterized 
by inhibition of ipsilateral soleus in respect to the side of neck stimulation and 
facilitation of the contralateral muscles [ 2 ,  3 ]. During the superfi cial electrical stim-
ulation (SES), the paraspinal muscles are also activated and there are previous stud-
ies that show that SES is able to reduce vertigo and dizziness [ 4 ]. This kind of 
stimulation is also able to evoke changes in activity of the muscles of the legs. We 
used a neurophysiological test named H-refl ex to control this modifi cation. It holds 
special interest because it can attest the activation of the vestibular-spinal way dur-
ing the stimulation of the paraspinal muscles through the modifi cation of excitabil-
ity of the motoneuron. Under appropriate conditions, a single electrical shock to the 
tibial nerve will evoke two discrete motor action potentials in the calf muscles. The 
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fi rst potential, the M-wave, results from direct stimulation of motor nerve fi bers. 
The second potential, the H-wave, is the expression of a monosynaptic refl ex, which 
runs in afferent fi bers (I1 a) from the neuromuscular spindles and back again through 
motor afferents. Since no interneurons are involved, the size of the second action 
potential will provide a measure of motoneuron excitability under a variety of 
experimental conditions [ 5 ,  6 ].  

31.2     Material and Methods 

 Eight normal subjects (5 females and 3 males), aged between 20 and 33 years old, 
were admitted to the study. Subject did all sit in a comfortable armchair, with cervi-
cal spine at rest position with non-fl exion, extension, or lateral bending and head 
support and not rotated with respect to the trunk. 

 Legs were at rest and supported, the hips were fl exed at 90°, the knees were 
fl exed at 120°, and the ankles were fl exed at 90°. Patients were in a quiet room and 
were awake and relaxed with eyes closed. 

 Recording of the H-refl ex was obtained with pregelled surface electrodes. 
Active electrode was fi xed on the distal on the belly of soleus muscle, while refer-
ence electrode was fi xed 30 mm below. Stimulation of the tibial nerve was per-
formed with surface electrodes at the popliteal fossa. Interelectrodes distance was 
25 mm. Stimulus duration was 1 ms. All this is in accordance with the indication 
of the literature [ 5 ]. Stimulus intensity was between 5 and 21 mA at the intensity 
needed to evoke the maximum amplitude of the H-refl ex (H Max) for each 
subject. 

 H Max from soleus muscle right and left legs was recorded every 5 min before, 
during, and after the stimulation of the muscles. In particular superfi cial electrical 
stimulation (SES) of neck paravertebral muscles and contemporary contralateral 
upper part of the trapezius was applied. SES of the neck muscles was applied with 
pulse rate of 80 Hz and a pulse width randomly modulated between 100 and 200 ps 
of duration (so-called vestibular electrical stimulation – VES – see Chap.   30    ). First 
VES application was performed for 15 min contemporaneously on the right para-
vertebral muscles of the neck and on the left upper part of trapezius muscle. After 
30 min VES was applied to the contralateral paravertebral of the neck and trapezius 
muscle for a duration of 15 min. The recordings of the H Max were obtained by left 
and right leg. We calculated mean (M) and standard deviation (SD) of the fi ve con-
secutive H Max responses, and obtained values were tabulated. Measures of H Max 
value were done every 5 min. For each subject were recorded one H Max basal 
value before application VES, 3 H Max were obtained every 5 min during VES 
applied to the right paravertebral and left trapezius muscle; 3–6 H Max during to 
recovery phase, 1 H Max basal, 3 H Max values during VES applied to the left 
paravertebral muscle and right trapezius muscle, and 3–6 H Max values obtained 
during a second recovery phase. Statistical analysis was performed with the 
Student’s  t -test comparing H Max recorded before, during, and after each VES 
application.  
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31.3     Results 

 They were homogeneous in all subjects both for the stimulation patterns. 
The  contemporary VES of the left paravertebral cervical muscles and of the right 
trapezius was enhanced in all subjects after 10 min, H Max amplitude (14 % of the 
maximum amplitude;  p  = 0.02) of the right soleus muscle, and reduced after 15 min, 
H Max amplitude (−20 %;  p  = 0.001) of the soleus muscles. H Max amplitude 
returned to the basal values 10 min after the end of the stimulation on the right 
soleus and was still reduced (−36 %;  p  = 0.001) 10 min after the end of SES on the 
left soleus. In some subjects H Max values lasted less than normal for 30 min after 
the end of VES. Recording from the right soleus showed that 10 min after the end 
of VES amplitude was still decreased (27 %;  p  = 0.001) in some subject inhibition 
of the H-refl ex that lasted over 30 min (Fig.  31.1 ).

   The stimulation by VES of the right paravertebral cervical muscles and left 
trapezius induced, after 5 min, an increase of the left side values (20 %;  p  = 0.001) 
and reduced, after 15 min, the amplitude of the right values (−32 %;  p  = 0.001). 
In a short time after the end of the SES, left H-refl ex returns to basal values. 
When a paradoxal second phase begins, H-refl ex decreases slowly but progres-
sively reaching a new “basal” value that is signifi cantly ( p  = 0.001) lower. Right 
H-refl ex remains reduced at least 10 min after the end of SES (−27 %;  p  = 0.001) 
(Fig.  31.2 ).
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  Fig. 31.1    Effects of electrical stimulation on H-refl exes       
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       Conclusions 

 The results of the present study showed that VES of the neck muscles clearly 
infl uenced the excitability of the motor neurons of the lower limbs. 

 It is important to underline that VES at the intensity to which was applied 
never evoked muscles contraction. On the contrary VES was applied in the same 
frequency range (80 Hz) which is able to activate muscles spindles by vibratory 
stimulation. Thus, it is likely that VES activate the same spinal pathways acti-
vated from the cervico-spinal refl exes, modulating in the same way the postural 
refl exes of the lower limbs. This action is probably mediated from proprioceptive 
input originated in the spindles of the neck muscles [ 7 ]. Otherwise we cannot 
exclude the action of skin receptors mediating the vibratory sense. 

 Proprioceptive afferent input evoked from VES of the neck muscles could 
reach also contralateral Deiters vestibular nuclei and cortex, probably by mean of 
reticular pathways. In such way SES may infl uence the equilibrium system. It is 
known [ 8 ] that if vestibular apparatus is damaged, the refl exes of the neck, limb, 
and eyes muscles become prominent. Therefore it is possible that VES action in 
treatment of vertigo and dizziness is based on the modulation of the propriocep-
tive input from neck muscles. 

 At last there is the observation that inhibitory effect is more pronounced and 
long lasting than the excitatory one. Supraspinal pathway activation [ 9 ] may give 
account of this phenomenon, but further investigations are needed to verify such 
hypothesis.     

SES: left paravertebrals − left trapezius
H Max changes

Right soleus

p = 0.01

p = 0.01

p = 0.01

p = 0.01

Left soleus

Stimulation

H Max %

140

120

100

80

60

40

n = 8

0 5 10 15 20 25

min

  Fig. 31.2    Effects of electrical stimulation on H-refl exes       
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