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Introduction: Computer modeling studies have shown that depolarization of the posterior 
and anterior root fibers can be achieved by surface tripolar electrical stimulation. This study 
investigated the soleus and gastrocnemius H-reflex recovery curve after applying tripolar 
electrical stimulation on the anesthetized skin of vertebral column. We emphasized on the 
early and secondary facilitation phases of the H-reflex recovery curve. 

Materials and Methods: A total of 15 healthy nonathletic female volunteers (mean±SD 
age: 27.20±3.17 years) were enrolled in this study. H-reflex recovery curves of the soleus 
and gastrocnemius muscles were recorded before skin anesthesia and then 15 minutes after 
it (with lidocaine 10%) and finally after application of Transcutaneous Electrical Nerve 
Stimulator (TENS) or placebo TENS (TENS on/off). Tripolar TENS with pulse width of 300 
µs, frequency of 80 Hz and intensity of 1.5 times of the sensory threshold was used for 15 
minutes at the level of T11. To record the H-reflex recovery curve, 34 paired stimuli were 
used with the intensity of 30% H max and interstimulus intervals between 1 and 202 ms. After 
drawing the H-reflex recovery curve, amplitude, slope, area under the curve, and threshold of 
the early and secondary facilitation phases were calculated. 

Results: After application of topical lidocaine, the sensory threshold of the skin vertebral column 
increased significantly. Fifteen minutes after applying local anesthesia, peak amplitude, slope, 
and area under the curve of the early facilitation phase significantly decreased in gastrocnemius 
and soleus muscles. After tripolar TENS application on the anesthetized skin of vertebral column, 
the slope of the early facilitation phase decreased significantly in the soleus (P=0.047). Also, area 
under the curve of the secondary facilitation phase significantly increased in both muscles. 

Conclusion: These findings suggest the excitatory effect of skin anesthesia on the motoneurons 
activities. Changing the H-reflex recovery curve after application of tripolar TENS on the 
anesthetized skin may confirm deep penetration of this type of electrical stimulation.
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1. Introduction

pidural electrical stimulation of the human 
spinal cord is a new and advanced thera-
peutic method introduced in 1967 [1], ac-
cording to Melzack and Wall’s theory [2]. 
Nowadays this method is used to control 

chronic pain [3-5], create changes in muscle tone and 
control spasticity [6, 7], and restore functional capacity in 
patients with spinal cord injury [8-10]. However, in many 
cases, the main goal is the stimulation of the spinal cord 
posterior column [11-13]. Recently many efforts have 
been done to stimulate the spinal structures with a simple 
non-invasive method using surface electrodes [14, 15]. 

Computer modeling studies have shown that depo-
larization of posterior and anterior root fibers can be 
achieved by bipolar surface electrical stimulation; but 
the stimulation intensity has to be increased at least 
three times. Moreover, raising the intensity will be in-
tolerable for clinical applications [16, 17]. It is shown 
that tripolar electrical stimulation can affect the pos-
terior column of the spinal cord [11, 18-21]. Some 
studies have been conducted to compare both bipolar 
and tripolar electrical stimulation on the motoneuron 
activity in spinal column area. Some inhibitory effects 
of motoneuron activity and H-response as well as re-
duction of spasticity, clonus, and flexion reflex were 
reported in previous studies [22-26]. 

The mechanism that is often expressed for explanation 
of these observations is inputs gain from skin receptors 
to motoneuron pool [22-26]. Goljaryan et al. evalu-
ated the effects of vertebral column tripolar and bipo-
lar stimulation on the H-reflex recruitment curve. They 
showed an inhibitory and an inhibitory-facilitory pattern 
in H-recruitment curve parameters after using bipolar 
and tripolar stimulation, respectively [25]. Navid et al. 
applied tripolar Transcutaneous Electrical Nerve Stimulator 
(TENS) on the anesthetized skin of vertebral column to 
investigate the role of skin receptors, in the transmission 
of electrical stimulation to the spinal cord [27]. Despite 
relative numbness in the skin, the excitability of the spi-
nal cord motoneurons was shown after application of 
tripolar TENS [27]. 

In another study, Sarmadi et al. used tripolar TENS 
with various intensities on the vertebral column area 
and compared the soleus and gastrocnemius H-reflex re-
cruitment curves. They evaluated the penetration depth 
of tripolar TENS and its effects on the slow and fast mo-
toneurones. When the stimulus intensity was 1.5 times 
sensory threshold, facilitation of type ΙΙ motor neurones 

and inhibition of type Ι motor neurons was seen. They 
stated that these responses may be due to transmission 
of tripolar TENS to dorsal horn. Tripolar TENS with 
lower intensity did not show such effects [28]. In all pre-
vious studies, more penetration depth of tripolar TENS, 
its transmission to posterior horn and progression to 
further stimulation of the Renshaw cells (with different 
impact on the type I and type II motoneurons) were sug-
gested for different effects of tripolar and bipolar TENS 
[25, 27-30]. 

H-reflex recovery curve is a suitable and more accurate 
method for studying the behavior of motoneurons over 
time [31-34]. For recording, the pair sequential stimula-
tion at different time intervals must be used. First stimu-
lus is conditioning stimulus leading to H1 response and 
second stimulus is the test stimulus, with a defined inter-
val from the first stimulus, leading to H2 response (test 
H-reflex). The interval between the pair stimulus, with 
equal intensity, should gradually increase motoneurons 
excitability until second stimulus be measured. Deter-
mination of H2/H1 ratio in different intervals is used to 
obtain recovery curve. This method is a sensitive and ac-
curate method to evaluate the changes in motor neurons 
activity in response to intervention in a specified time 
interval [35-37]. 

Applying the conditioning stimulus with a low intensity 
caused an early facilitation at the beginning of the recov-
ery curve. This facilitation appears in the pair stimula-
tion intervals of 3 to 15 ms. The reason is the excitatory 
postsynaptic potential and facilitation of homonymous Ia 
fibers that its initial 3 ms is hidden by refractoriness of 
the axons which guided the flow [31-35, 38, 39]. After 
early facilitation, there is a strong inhibition (the period 
of primary unresponsiveness). At this point, H2 response 
cannot appear. This period is mainly due to recurrent inhi-
bition of Renshaw cells and the phenomenon of after hy-
perpolarization [39, 40]. The importance of early facilita-
tion in this study is that Renshaw cells cannot participate 
at this period of the recovery curve and affect it [41-44]. 

In the present study, to clarify the role of Renshaw cells 
during tripolar TENS application, recovery curve of so-
leus and gastrocnemius muscles were recorded. More-
over, to determine the transmission of tripolar TENS 
through spinal posterior horn, the skin under electrodes 
was desensitized. With this method, skin receptors that 
are involved in changing the motoneurons activity will 
be numbness. Some evidence shows that the basic activ-
ity of skin receptors reduces the presynaptic inhibition 
of Ia afferents and therefore it has an excitatory effect 
on the motoneurons activity [27, 45-47]. Thus, desen-
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sitization of the skin by topical anesthetic agents may 
decrease the basic discharge of the low threshold skin 
receptors and cause inhibitory effects on the motorneu-
rons excitability [27, 45-47]. 

However, there are some controversies that show the 
inhibitory effect of the basic discharge of the skin re-
ceptors on motoneurons activities [37, 48, 49]. Clini-
cal application of tripolar TENS, regarding its better 
penetration, may be useful to change the muscle tone 
in different patients, but detailed studies are necessary 
to reveal its mechanisms. Cutaneous receptors are one 
of the important candidates to transmit the surface elec-
trical stimulation to motoneurons level and subsequent 
inhibitory or facilitator processes on motor neurons, so 
in this study we attempted to investigate the soleus and 
gastrocnemius H-reflex recovery curve after applying 
tripolar electrical stimulation on the anesthetized skin of 
vertebral column. Obtained results can help us to clarify 
some details about tripolar TENS efficiency to change 
the slow and fast muscle activities.

2. Materials and Methods

Design overview and study population

This research was an experimental single-blind study, 
done in the laboratory of clinical electrophysiology of 
the Physical Therapy Department, Faculty of Medical 
Science, Tarbiat Modares University. Forty sedentary 
young women (mean±SD age: 27.20±3.17 y) volun-
teered to participate in this study. Participants had nor-
mal body mass index (BMI, 18-25 kg/m2) and no his-
tory of neurological, muscular, skeletal and articular 
diseases, fractures of the calf and ankle, deformities in 
the lower extremities, spine surgery, skin problems such 
as skin rashes, eczema or consumption of drugs, tobacco 
and alcohol. Participants were excluded from the study 
if H-reflex amplitude variability was more than 10% in 
five consecutive recording, co-appearance of H-reflex 
and M wave, and also when there was not early facilita-
tion of H-reflex recovery curve. 

Totally, 13 subjects because of inappropriate H-reflex, 
9 subjects for missing the early facilitation phase of the 
H-reflex recovery curve, and 3 subjects for their per-
sonal reasons were excluded from this study. Finally, 15 
participants were remained and examined in this study. 
This study was approved by the Ethics Committee of 
Tarbiat Modares University. Subjects were informed 
about the study design; each of them signed a written 
informed consent prior to participation.

Evaluation and treatment were done in three sessions 
for all subjects. In the first session, anthropometric vari-
ables, including age, height, weight, and body mass in-
dex of the participants were measured and calculated, 
then ankle dorsi and plantar flexion range of motion, pa-
tella and ankle reflexes, lower extremity muscle strength 
and tactile sensation of the skin for legs and vertebral 
column were evaluated. Five consecutive H-reflex and 
its recovery curve were measured to ensure of the H-
reflex variability of less than 10% and the existence of 
early facilitation in H-reflex recovery curve. Treatment 
was done in two separate sessions (skin anesthesia with 
TENS off and skin anesthesia with TENS on). 

For all subjects, the second and third sessions took 
place at least 48 hours after the first and second sessions, 
respectively. H-reflex recovery curves of soleus and gas-
trocnemius muscles were recorded before intervention, 
15 minutes after skin anesthesia (with lidocaine 10%) 
[50], and finally after application of TENS on/off.

Sensory threshold of the electrical stimulation for the 
skin of vertebral column was evaluated. Skin temperature 
of vertebral column at the level of 12 thoracic vertebra 
and leg (overlying the soleus and gastrocnemius muscles 
on the right foot outward recorder electrodes) was mea-
sured by a digital thermometer (Iskra model 20) with an 
accuracy of 0.1 degrees. Then the accurate intensity to 
excite the gastrocnemius H-reflex with amplitude of 30% 
Hmax was calculated. After initial recording of the soleus 
and gastrocnemius recovery curves, the skin of vertebral 
column (a rectangular region with a dimension of 24×10 
cm centered to T11) was anesthetized. After ten minutes, 
the sensory threshold was measured again. Also, before 
and after anesthesia, the temperature of skin in the ver-
tebral column area was measured. Then, 15 minutes of 
TENS of on or off was applied on the anesthetized skin of 
vertebral column. Immediately  after applying TENS of 
on or off the recovery curves were recorded. 

The recovery curves were recorded. Finally, skin tem-
perature at the vertebral column and leg were measured. 
The participants in this study had no history of applying 
electrical stimulation or TENS. TENS current off and 
TENS current on were used in second and third sessions, 
respectively to prevent the subject’s perception when the 
device is off. Room temperature was controlled between 
23ºC-27ºC in all sessions.

Recording the H-reflex 

Subjects were asked to lie prone with extended knee 
on the bed and freely moving of ankle joint from the 
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bed edge. The skin under the electrodes was shaved 
and cleaned using alcohol to decrease the skin imped-
ance. The H-reflex was recorded from the soleus and 
gastrocnemius muscles. To record the H-reflex, we used 
a computer-controlled stimulator with an isolator (Nihon 
Kohden ss-104j, Japan) and a two-channel Neuro-MEP 
system (Neurosoft, Russia). A round surface recording 
electrode (Ag-AgCl) with 1-cm diameter was used. The 
active recording electrode for soleus was placed on the 
middle of the virtual line between popliteal fossa to me-
dial malleolus and the reference electrode 2 cm further 
distally [51]. 

The ground electrode was located between the stimulat-
ing and recording electrodes. The recording electrode for 
lateral gastrocnemius was placed around the upper 1/4 
and the lower 3/4 of the same virtual line and about 4 to 6 
cm lateral to the midline of calf while positioned in paral-
lel to the muscle fibers and 45 degrees with the midline of 
calf [52]. Bandwidth frequency and sampling frequency 
were set at 5 Hz, 10 kHz, and 20 kHz. The stimulating 
electrode was a bar electrode 3×5.5 cm in size and with 
a 4 cm distance between cathode and anode. It was fixed 
in the popliteal fossa between biceps femoris and semi-
membranosus tendons, slightly toward the lateral. We 
used constant current stimulation, consisting of rectan-
gular pulses with the pulse duration of 0.1 ms and a fre-
quency of 0.2 Hz, in order to prevent muscle fatigue. 

H-reflex recovery curve recording

In order to record the H-reflex recovery curve, the se-
quenced paired stimuli with the same intensity, the accu-
rate intensity to excite the soleus H-reflex with amplitude 
of 30% Hmax, were applied on the tibial nerve every 5 s 
(frequency of 0.2 Hz). Initial interstimulus interval (ISI) 
was 1 ms that reached to 202 ms after 34 paired stimuli. 
Interstimulus interval for ten paired stimuli increased 
with the increments of 1 ms and for the others with the 
increments of 8 ms. Because of the intrinsic variability 
of H-reflex amplitude, three recordings in each ISI were 
done and their mean was used for comparison. 

Drawing the H-reflex recovery curve

Drawing H-reflex recovery curves was done by MAT-
LAB. In each ISI, the mean peak to peak amplitude of 
H1 and H2 for three recordings and also H2/H1% were 
calculated and H-reflex recovery curve of either soleus or 
gastrocnemius muscles were drawn for each participant 
(Figure 1). Peak amplitude, peak interval (interstimulus 
interval that peak was seen), area under the curve for the 

early facilitation phase, area under the curve and thresh-
old of the secondary facilitation phase were calculated. 

TENS stimulus

TENS stimulus was applied with a monophasic square 
pulse, frequency of 80 Hz and pulse width of 300 ms for 
15 minutes. This stimulus was transferred by computer 
command to isolator (Nihon Kohden ss-104j, Japanse) 
with the ability of constant current, through an electronic 
intermediator. The electrical current of the isolator was 
manually adjustable from 0 to 30 mA.

The cathode electrode was placed on the spinous pro-
cess of T11 (existing point of S1 root from the inter-
vertebral foramen). One anode electrode was placed 3 
cm proximal and another one 3 cm distal to the cathode 
electrode. Rubber electrodes about 6×4 cm2 were used. 
In order to apply the same pressure to the electrodes, we 
used a uniform taping methods; two adhesive strips di-
agonally and one strip horizontally were placed so that 
the entire surface of the electrode was in contact with the 
skin. The initial intensity of stimulation was set equal 
to 1.5 times the subject’s sensory threshold intensity. To 
prevent the sensory adaptation, intensity increased 0.2 
mA every 3 minutes. Maximum increment was 20% of 
initial intensity in each subject. In TENS off session, the 
electrodes were placed on the vertebral column at the 
same position, but the current was zero.

Applying anesthetic and evaluation of sense of skin

To apply the local anesthesia, 8 mL lidocaine 10% was 
dropped on the skin of vertebral column (a rectangular 
area of 24×10 cm2 centered on T11) and massaged by 
the finger tips for 10 seconds. Before and after the skin 
anesthesia, sensory threshold was measured by TENS. 
The test was repeated three times within 10 seconds and 
the average value was considered as sensory threshold. 

Figure 1. H-Reflex recovery curve
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Data processing

Statistical analysis

To analyze the data, SPSS 21 was used. To test the 
normal distribution of data, Kolmogorov-Smirnov test 
was used. We used ANOVA repeated measurement test 
to compare statistics in each session and paired t test to 
compare the results in two sessions. The level of signifi-
cance for all tests was set at α=0.05.

3. Results

Anthropometric characteristics of participants are pre-
sented in Table 1. The sensory threshold of skin of ver-
tebral column, showed a significant increase 15 minutes 
after topical anesthesia (Figure 2). Changes of the H-re-
flex recovery curve after application of lidocaine on the 
vertebral column skin in both sessions (Figures 3 and 4), 
15 minutes after applying local anesthesia, peak ampli-
tude , slope, and area under the curve of the primary fa-
cilitation phase significantly decreased in gastrocnemius 
and soleus muscles. Peak‘s interstimulus interval of the 
primary facilitation phase decreased in both muscles, but 
this diminution was not significant. Also threshold and 
its interstimulus interval of the second facilitation phase 
reduced significantly for both muscles. 

The slope and area under the curve of the second facili-
tation phase showed an increase, but this increment was 
significant only for area under the curve. In the peak of 
both first and second phases of the recovery curve, af-
ter anesthesia, amplitude of H1 showed a significant in-
crease in soleus and gastrocnemius muscle. Changes of 
the H-reflex recovery curve after application of tripolar 
TENS on the anesthetized skin of the vertebral column. 

After 15 minutes of tripolar TENS application on the 
anesthetized skin of vertebral column, the slope of the ear-
ly facilitation phase decreased significantly in the soleus 
muscle recovery curve. After TENS application, thresh-

old and peak’s interstimulus intervals of the second facili-
tation phase showed no significant increase in both soleus 
and gastrocnemius muscles. Area under the curve of the 
second facilitation phase significantly increased in both 
muscles (Figures 3 and 4). When sham TENS (TENS off) 
was used on the anesthetized skin, no significant changes 
were seen in the recovery curves parameters.

4. Discussion

The purpose of this study was to investigate the soleus 
and gastrocnemius H-reflex recovery curve after ap-
plying tripolar TENS on the anesthetized skin of verte-
bral column. Our results showed an increase in sensory 
threshold after application of topical anesthesia. This re-
sult confirms the effectiveness of lidocaine 10% to pro-
vide the anesthesia at the skin of vertebral column. After 
skin anesthesia, a significant reduction in the peak of the 
early facilitation phase was observed that might be due 
to a significant increase in the H1 amplitude. Also the 
threshold of the second facilitation phase decreased and 
its area under the curve increased significantly. These 
findings may confirm the excitatory effect of skin an-
esthesia on the motoneurons activity of the soleus and 
gastrocnemius muscles. 

According to previous studies, local skin anesthesia 
causes an increase in the peak to peak amplitude of the H-
reflex. Persumably skin anesthesia may reduce the basal 
activity of the skin receptors and thereby decrease the pre-
synaptic inhibition that increases the amplitude of the H-
reflex [37, 48, 49]. Basic activity of cutaneous receptors 
increases presynaptic inhibition of the Ιa afferents [37, 
48, 49]. Reduced activity of the skin receptors by local 
anesthesia or cooling leads to an increase in motor neu-
ron excitability and increase in the amplitude of H-reflex 
through reducing the presynaptic inhibition [37, 53, 54].

In the present study, this excitatory effect observed in 
the early facilitation phases of both soleus (as a slow 
twitch) and gastrocnemius (as a fast twitch) muscles. Ob-

Table 1. Anthropometric characteristics of participants

Mean±SDVariables

27.20±3.17Age (y)

1.6±0.08Height (cm)

53.32±6.81Weight (kg)

20.81±2.09Body mass index (kg/m²)

Khoshamooz Y, et al. The Recovery Curve of Soleus and Gastrocnemius H-Reflex After Applying Tripolar Electrical Stimulation on the Anesthetized Skin of Vertebral Column. JMR. 2017; 11(1):3-12.
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viously, the strongest inhibitory effect of Renshow cells 
is on the slow motoneurons [34, 40], but the Renshaw 
cell activity cannot be seen during the early facilitation 
phase (the interstimulus interval less than 10 ms), so a 
similar facilitation response was seen in both muscles. 

In a study conducted by Sabbahi et al. after applying the 
local anesthesia on the different skin areas and derma-
tomes peak to peak amplitude of the H-reflex increased 
significantly, except when anesthesia was done on the S1 
dermatome and on the skin covering the tibialis anterior 
muscle [37]. Also in our study, a significant reduction 
was observed in the threshold of the second facilitation 
phase, the peak’s interstimulus interval and an increase 
in the area under the curve. The second facilitation phase 
of the H-reflex recovery curve is an indirect measure-
ment of the suprasegmental control over the spinal cord 
motor neurons [46].

 Thus, the facilitating effects of local anesthetic on the 
second facilitation phase can also be attributed to su-
praspinal effects and long loop inputs. Lewis and Porter 
showed the pyramidal neurons discharge increase after 
blocking inputs of the skin afferent by local anesthesia. 
In this study, H-reflex recovery curve facilitation was 
observed in shorter intervals (less than 10 ms), which 
may represent the segmental effects. Decrease in the 
threshold of the second facilitation phase after applying 
local skin anesthesia can be attributed to the reduction of 
Renshaw cell activity [55].

Applying sham TENS (TENS off) on the desensitized 
skin caused no change in the recovery curve parameters; 
this reflects the long lasting effects of sensory impair-
ment in the skin and reduction of basic activity of cuta-
neous receptors. Applying tripolar TENS on the desen-
sitized skin caused a significant reduction in the slope 
of the early facilitation phase in the soleus muscle. As 
previously mentioned, Renshaw cells cannot act during 

the early facilitation period and especially in the inter-
stimulus interval under 10 ms, therefore probably this 
inhibitory effect was caused by the current transmission 
of tripolar TENS through the dorsal horn. Tripolar TENS 
stimulates the skin afferents, especially the group ΙΙ and 
ΙΙΙ afferents (low threshold receptors), and also the dor-
sal horn of the spinal cord [25, 27, 28, 30]. 

The effect of skin afferents on the type Ι motoneurons is 
inhibitory and on the type ΙΙ motoneurons is facilaitory 
[25, 27, 28, 30]. Thus, skin efferent excitation leads to 
type ΙΙ motor neurons facilitation and type Ι motoneu-
rons inhibition [28, 30]. Increasing the activity of type 
ΙΙ motoneurons leads to an increase in the Renshaw cell 
activity and subsequently more inhibition of type I moto-
neurons [28, 30]. Tripolar TENS with more penetration 
depth, probably affects dorsal horn of the spinal cord and 
stimulates Ιa and Ιb afferents. Ιa afferent stimulates both 
types of motoneurons but has more facilitatory effect on 
type Ι motor neurons. The effect of Ιb fibers on the type 
Ι motoneurons is inhibitory and on the type ΙΙ motoneu-
rons is facilitatory [25, 27, 28, 30].

Given the role of Renshaw cells in the early facilita-
tion period is ruled out, therefore soleus muscle inhi-
bition may be due to the excitation of Ib fibers in the 

Figure 2. Changes of the sensory threshold after application 
of topical anesthesia
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Figure 3. H-reflex recovery curves of the gastrocnemius muscle before and after 
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Figure 4 . H-reflex recovery curves of the soleus muscle before and after application of 

anesthesia, anesthesia with TENS off, and anesthesia with TENS on. 
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dorsal horn by deep penetration of tripolar TENS. The 
observed increase in the threshold and interstimulus in-
terval of peak in the second facilitation phase, in both 
muscles may indicate an increase in reactivation of the 
Renshaw cells. However, because of the Renshaw’s 
stronger effect on slow-twitch motoneurons, it was ex-
pected that this inhibitory effect was more prominent in 
soleus than gastrocnemius muscle, but we recorded the 
recovery curve with the intensity of 30% Hmax. In this 
intensity, mainly low threshold fibers (Type I) in both 
muscles were stimulated. 

To stimulate the fast-twitch fibers (Type II) through the 
H-reflex path, higher stimulation intensity is needed. It is 
shown that to stimulate the muscle ΙΙ fibers, we need an 
intensity of 2-5 times greater than the stimulation thresh-
old of type I fibers [30]. Simorgh et al. observed that after 
applying tripolar TENS, the amplitude of the maximum 
recovery increased in the gastrocnemius muscle and in a 
shorter interstimulus interval, whereas the amplitude of 
the maximum recovery in soleus muscle decreased and 
obtained in a longer interstimulus interval. Soleus and 
gastrocnemius H-reflex recovery curves in their study 
were recorded in interstimulus interval of 40-520 ms and 
intensity of 70% Hmax [30]. 

Sarmadi et al. also showed that applying tripo-
lar TENS with the intensity of 1.5 times the sensory 
threshold had a complex facilitatory-inhibitory effect 
on the recruitment curve of H-reflex. They observed 
slow motoneurons inhibition and fast motoneurons 
facilitation. In the gastrocnemius muscle, the ascend-
ing slope of the recruitment curve increased and the 
needed intensity to evoke Hmax decreased [28].

A recent study that examined the cathodal and anodal 
stimulation at the level of T11 on the motoneuron excit-
ability showed that the surface vertebral column stimula-
tion can alter the spinal cord conductive properties and 
affect the evoked potentials [26, 56, 57]. Cogiamanian et 
al. showed that transcutaneous anodal direct current de-
creased significantly the amplitude of the cervicomedul-
lary component of somatosensory evoked potential of the 
posterior tibial nerve about 25%. On the contary, cathod-
al current leads to increase the amplitude of this compo-
nent [56]. Winkler et al. showed applying anodal current 
induced significantly decrease in H-reflex post activation 
depression while cathodal current induced significantly 
increase in the post activation depression. They showed 
no significant change in the ratio of Hmax/Mmax [26]. 

Lamy and colleagues investigated the effect of surface 
stimulation of vertebral column, at the T11 level, on the 

soleus H-reflex recruitment curve. They showed anodal 
stimulation induced a progressive leftward shift of the 
H reflex recruitment curve and increased excitability of 
motor neurons. In contrast, cathodal stimulation had no 
significant effects. They suggested this increament was 
due to decrease inthe post-activation depression [57].

The results showed that the relative decrease in activ-
ity of the skin receptors after local anesthesia, through 
reducing baseline activity of the skin receptors and sub-
sequently increase of the presynaptic inhibition in Ιa af-
ferent, can increase excitability of motoneurons and fa-
cilitated the H-reflex recovery curve in both soleus and 
gastrocnemius muscles. 

After applying tripolar TENS, an inhibitory response 
was seen at the early facilitation phase of the soleus re-
covery curve. This inhibition may be due to the excita-
tion of Ib fibers in the dorsal horn by deep penetration 
of tripolar TENS, because there is no action of the ren-
shaw cells at interstimulus interval less than 10 ms (ap-
pearance time of the early facilitation phase). Moreover, 
the threshold increase in the second facilitation phase in 
both muscles may be attributed to the recurrent inhibi-
tion. Probably, deep penetration of tripolar TENS, de-
spite the skin anesthesia, has excited Ia and Ib fibers and 
subsequently Renshaw cells with their inhibitory effects 
on the spinal motoneurons. 

Clinical application of tripolar TENS

Tripolar TENS because of its deep penetration may be 
a useful modality to change the spinal motoneuron activ-
ity. In some patients, we need to improve the abnormal 
muscle tone. It may be possible through using the differ-
ent types of electrical stimulation. The effect of tripolar 
TENS on the improvement of muscle weakness and also 
excitation or inhibition of the motoneuron activities, in 
some pathophysiologic conditions, should be considered 
in future studies. 
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