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The interaction between skin receptors and their 
possible effect on the modulation of the «-v 
motoneuron excitability has not been widely or 
thoroughly investigated in man. In this study, the 
effect of desensitization of skin receptors on the 
a-v motoneuron system was investigated by apply­
ing topical anesthesia to selected skin areas of the 
lower limb. 

The few relevant reports that have appeared in 
the literature are not in complete agreement.' 
Hagbarth (1952), working on decerebrated animals 
which lacked cortical integration, demonstrated 
that specific skin areas may excite or inhibit the 
extensor motoneurons in decerebrated cats. These 
results were later demonstrated in man using noxi­
ous stimuli to the skin (Hagbarth and Finer 1963). 
Unfortunately, their results could not be repeated 
by other workers (Gassel and Ott 1970). It has also 
been reported that spinal reflexes such as the 
H-reflex may be facilitated by low threshold shocks 
delivered to the human cutaneous nerve which 
supply the skin area overlying the muscle groups 
(Hugon 1973). In other studies, skin stimulation 
was shown to have no relevant effect on these 
spinal reflexes (Magladery et al. 1951; Isaacs et al. 
1968). These discrepancies may be due to the 
methods used to study the effect of skin receptor 
areas on the motoneuron pool. In all previously 
reported studies, electrical or noxious stimuli which 
are not natural or specific for particular receptors 
were used to excite the skin. 
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In our own previous studies using monosyn­
aptic reflexes, we found that natural stimuli to the 
skin (mechanical and thermal) were more effective 
in producing inhibition responses (Sabbahi and 
Sedgwick 1976). In the present study, skin desensi­
tization was shown to have a substantial effect on 
the H-reflex and the Achilles tendon reflex (ATR). 
These monosynaptic reflexes provided a direct 
measure of the a-v motoneuron excitability. More 
importantly, in studying the effect that the skin 
has on the motoneuron pool, our work differenti­
ates between the effect of dermatomal innervation 
and the innervation of skin areas overlying muscle 
groups. 

In addition to its inherent physiological inter­
est, the interaction between skin sensors and the 
motor system could provide a natural and con­
venient access for affecting the behavior of the 
motor system. The latter concept has important 
applications in rehabilitation medicine. The utili­
zation of skin receptors as a potential effector 
organ in the treatment of spasticity is in progress 
(Sabbahi et al. 1981). 

Materials and Methods 

Fifty-eight normal adult subjects whose age 
ranged from 18 to 54 years with a mean and 
standard deviation of 27 ± 7 years volunteered for 
the study and signed informed consent forms. 
None of the subjects had a past history of neuro­
logical disorders. The experiment consisted of ob­
taining measurements of the H-reflex and ATR 
before and after topical anesthesia was applied to 
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skin areas of the lower limb. The subjects were 
tested while lying prone in a comfortable position. 

The H-reflex was elicited by stimulating the 
posterior tibial nerve unifocally with 1 msec square 
pulse once every 5 sec with a stimulus sub­
threshold to the M-response. (In some experiments 
a small M-response was elicited in order to moni­
tor the changes in the stimulus volley.) The stimu­
lus level was maintained constant throughout the 
experiment. The stimulation electrode (cathode) 
consists of a felt sphere, 1.5 cm in diameter, well 
padded and soaked with 0.9% physiological saline 
solution. The indifferent electrode (anode) con­
sisted of metal mesh (10 em X 10 em) padded with 
felt and soaked with 0.9% physiological saline. It 
was positioned on the anterior surface of the thigh 
just above the patella. The H-reflex was recorded 
differentially via two cup electrodes, filled with 
conducting gel, and placed 3 em apart on the skin 
overlying the soleus muscle in line with the Achilles 
tendon. The reference electrode (ground) for the 
recording set-up was a rectangular metal plate (3 
em X 5 em) placed between the stimulation and 
recording sites to minimize the stimulus artifact. 
The signal was amplified 1000 times with a band­
width of 10 Hz to 10 kHz, and was preserved on 
an ultraviolet sensitive paper for subsequent analy­
sis. 

The procedure for recording the l-l-reflex con­
sisted of stabilizing the amplitude of the response 
and lowering the threshold of the motoneuron 
pool until minimal variation in the reflex was 
obtained. This was achieved by using a threshold 
stimulus for eliciting the M-response with a 
frequency of 1 pulse/sec for 3 min, followed by 
lowering the stimulus frequency gradually to 1 
pulse every 2 sec, and then to 1 pulsey'S sec, while 
reducing the stimulus intensity until the required 
reflex amplitude was obtained. Stimulation was 
maintained at this rate and intensity for 3-5 min 
until maximal stabilization of the reflex amplitude 
was achieved, at which point measurements could 
begin. Using these controlled stimuli, which with a 
few exceptions were subthreshold to the M-re­
sponse, the resulting maximal H-reflex was mea­
sured. 

The ATR was elicited by using an electrically 
operated solenoid plunger to deliver a constant-
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force impact to the tendon every 10 sec. The 
response was recorded via the same electrodes 
used for recording the H-reflex. Recordings were 
made while the ankle was fixed in a specially 
designed apparatus which allowed free movement 
of the foot. In some experiments the foot was 
passively stretched and fixed perpendicular to the 
leg by an elastic band which allowed foot move­
ment during reflex contractions. This procedure 
was carried out in order to test the changes in the 
H-reflex and ATR during stretching with a pre­
sumably higher excitability level of the soleus 
motoneuron pool. 

Control values of the H-reflex and ATR were 
obtained at the beginning of each experiment. To 
desensitize the skin, topical anesthesia (20% Ben­
zocaine) was sprayed for 15-20 sec on one of the 
following 4 skin areas of each subject: the calf skin 
area (CSA), the anterior tibial skin area (TSA), the 
quadriceps skin area (QSA) and the hamstrings 
skin area (HSA). In 3 subjects the total skin area 
of the lower limb (TSL) was desensitized to test 
any summation effect on the motoneuron pool. 
The topical anesthesia was also separately sprayed 
on each of the following skin dermatomes for each 
subject: L2, L3, L4, LS, Sl and S2. (Some subjects 
participated in separate experiments in which dif­
ferent skin dermatomes or skin areas were sprayed 
with anesthesia.) The outlines of the desensitized 
skin areas and dermatomes as well as the number 
of subjects studied for each are presented in Fig. 1. 
Subsequent to the application of the anesthesia, 
the H-reflex and ATR were measured at various 
time intervals up to 40 min. 

In 3 other subjects, the calf skin area, quadri­
ceps skin area and hamstring skin area were 
sprayed separately with a placebo spray (similar in 
all respects to the anesthesia spray, except that it 
contained no Benzocaine) and the H-reflex and 
the ATR were recorded at various time intervals 
up to 30 min. These control experiments were 
carried out without prior information given the 
subjects. 

The peak-to-peak amplitudes of the H-reflex 
and ATR were measured and the average value of 
not less than 10 consecutive sweeps was calculated. 
The ratio of the average amplitude of the reflexes 
after application of the topical anesthesia to the 
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Fig. 1. Outline of skin areas (A) and skin derma tomes (B) 
sprayed with topical anesthesia. Skin areas are calf skin area 
(CSA), hamstring skin area (HSA), quadriceps skin area (QSA) 
and anterior tibial skin area (TSA). The number of subjects 
(Nx) tested in each skin area and dermatome is also shown. 
(Outlines of the skin dermatomes were fashioned after 
Carpenter's in Human Neuroanatomy, by permission of the 
author.) 

average amplitude before anesthesia was expressed 
as a percentage. The two values were compared 
with a t test, with the assumption that both values 
are normally distributed. 

Results 

Topical anesthesia caused partial reduction in 
skin sensation to superficial touch (or desensitiza­
tion of the skin) beginning 5 min after its applica­
tion. The subjects were unable to identify hair 
movement and their sensation to cotton wool was 
substantially reduced. However, deeper skin sensa­
tion of pin prick was not distinguishably different 
from that of the contralateral control limb having 
normal sensation. This effect continued throughout 
the experiment and diminished gradually after­
ward. This effect was not noticed by subjects 
sprayed with the placebo. 

As may be seen in Fig. 2 individual subjects 
typically showed considerable change in H-reflex 
amplitude after application of the topical 
anesthesia. This figure represents typical H-reflex 
responses of one normal subject for each tested 
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Fig. 2. Typical effects of topical anesthesia applied to skin 
areas (A) and skin dermatomes (B) in Fig. I on the H-reflex. 
Each column represents the responses of a single individual 
before (control) and 30 min after application of the anesthesia. 
The solid line represents the mean of 10 consecutive sweeps; 
the dotted line indicates two standard deviations on either side. 
The significance of the difference, in reflex amplitude, between 
the control and 30 min after application of the topical anesthesia 
was calculated and presented as P value. 

skin area and skin dermatome. The mean value 
and two standard deviations for 10 consecutive 
sweeps are shown (dotted line). The low values of 
the standard deviations indicate the high degree of 
stability of the H-reflexes provided by our method. 
These reliable responses continued for 30-40 min 
after the application of the anesthesia. In Fig. 2 
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the control H-reflexes are shown in the upper row 
(con trol), while the reflexes recorded 30 min after 
application of the anesthesia are presented in the 
lower row (anesthesia). A t test was performed 
between the peak-to-peak amplitude of the H-re­
flexes before and 30 min after the application of 
the anesthesia to different skin areas and der­
matomes. The statistical significance of the dif­
ference is presented in the bottom row (P value). 

Effects of desensitization of skin areas 
H-reflex. As may be seen from Fig. 2A, in a 

typical individual experiment the H-reflex signifi­
cantly increased in amplitude (P < 10- 6 

) after 
application of topical anesthesia to different skin 
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Fig. 3. Percentage changes in the peak-to-peak amplitude of the 
H-reflex (HR) and the Achilles tendon reflex (ATR) with time, 
after application of topical anesthesia to the calf skin areas 
(CSA), anterior tibial skin area (TSA), quadriceps skin area 
(QSA) and hamstrings skin area (HSA). The grand mean and 
standard deviation of the percent of changes in all subjects 
tested at each skin area is plotted for a period of time up to 40 
min post anesthesia. The control value of the H-reflex ampli­
tude before anesthesia was considered as 100% on the ordinate 
in these plots. Notice that the ordinate scale for the percentage 
changes in the H-reflex after application of anesthesia to the 
hamstring skin area is twice that of the other plots. 
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areas except for the anterior tibial skin. Fig. 3 
presents the regression lines for the grand mean, 
for each group of subjects, and one standard devi­
ation value of the percent of change in the peak­
to-peak amplitude of the H-reflex and ATR mea­
surements after topical anesthesia was applied to 
the calf skin area (n = 6), the anterior tibial skin 
area (n = II), the quadriceps skin area (n = 7) and 
the hamstrings skin area (n = 7). The control value, 
obtained prior to the application of the topical 
anesthesia, was considered as 100% at zero time. 
Table I presents the value of the slopes and the 
statistical significance of the linear regressions in 
Fig. 3. A t test was performed on the slopes of the 
regression lines and a slope of zero. This test 
measures the level of significance of the time-de­
pendent variation of the amplitude of the H-reflex. 
It may be seen in Fig. 3 that the H-reflex ampli­
tude increased substantially after the application 
of topical anesthesia to the skin overlying the calf, 
quadriceps and hamstring muscles. This facilita­
tion of the reflex was first noticed 5 min after the 
application of the anesthesia and continued 

TABLE I 

The slope value of the linear regression line for the changes in 
the amplitude of the H-reflex and Achilles tendon reflex (ATR) 
with time post anesthesia to various skin areas of the lower 
limb. A I test was used to measure the significance of each 
slope from a slope of zero, which would indicate no time-de­
pendent variation. Note that for the QSA, there is a consider­
able increase in the H-reflex amplitude during the first 5 min 
which is not represented in the statistical measurement of the 
slope calculated between 5 and 40 min. Hence, as may be seen 
in Fig. 3, there is in fact a considerable increase in the ampli­
tude of the H-reflex after the application of the topical 
anesthesia. (Values correspond to those plotted in Fig. 3.) 

Skin Value of P value Signifi­
area slope (% cance 

change/ 
min) 

H-reflex CSA 1.92 0.04 S 
TSA 0.30 0.55 NS 
QSA 1.30 0.41 NS 
HSA 3.44 0.08 S 

ATR CSA 0.62 0.30 NS 
TSA 1.26 0.08 S 
QSA 0.12 0.89 NS 
HSA 0.34 0.52 NS 
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throughout the duration of the experiment (30-40 
min). 

Desensitization of the calf skin area facilitated 
the H-reflex amplitude to (129 ± 34)% after 5 min, 
and to (203 ± 99)% after 40 min. However, 5 out 
of 6 subjects demonstrated facilitation while one 
subject showed no apparent changes. Desensiti­
zation of the anterior tibial skin area resulted in an 
inconsistent behavior of the H-reflex. It increased 
in amplitude in 6 of the 11 subjects, showed sub­
stantial inhibition in 3 subjects and did not change 
appreciably in the remaining two subjects. How­
ever, even in those subjects who demonstrated 
facilitation, the increase of the amplitude was not 
substantial when compared to the results obtained 
from the other skin areas. In individual experi­
ments the H-reflex induced by the desensitization 
of the quadriceps skin area was greater than that 
induced by the desensitization of the calf skin. 
Reflex facilitation was noted 2 min after the appli­
cation of topical anesthesia; after 5 min the ampli­
tude increased to (170 ± 75)%. (Such a substantial 
and rapid increase in the H-reflex amplitude was 
only seen to occur in the quadriceps skin area.) 
Forty minutes after the application of the 
anesthesia, 5 out of 7 subjects demonstrated sub­
stantial reflex facilitation ranging from 150% to 
322% with a mean and standard deviation of (215 
± 77)%; one subject showed less facilitation 
(136)%, and the remaining subject showed no ap­
parent change in the H-reflex (105)%. This results 
in the large standard deviation seen in Fig. 3. The 
greatest facilitation was induced by desensitization 
of the hamstrings skin area. As may be noticed 
from Fig. 3 the scale of the ordinate of the curve 
for the hamstring skin area is twice that of other 
curves. The average amplitude of the H-reflex 
increased to (148 ± 70)% after 5 min and to (279 
± 200)% 40 min after application of anesthesia. 
The facilitation was observed in most subjects. In 
one subject, the amplitude increased almost 6-fold 
over the control value while one subject demon­
strated no apparent changes. 

A TR. Desensitization of 3 of 4 skin areas did 
not affect the ATR amplitude in most subjects. 
Only when the anterior tibial skin area was de­
sensitized did the ATR approach a significant 
increase in amplitude (Table I). The increase in the 
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peak-to-peak amplitude of the ATR continued
 
with time after application of the anesthesia to the !.,
 
anterior tibial skin (Fig. 3).
 

When the measurements at 30 min post 
anesthesia were compared with the control values 
before anesthesia, a t test for the mean showed 
that no significant changes occurred in the ATR, 
whereas all skin areas, except the anterior tibial 
skin area, exhibited a significant (P < 0.04) in­
crease in the H-reflex. 

Effects of application of topical anesthesia to various 
derma tomes 

H-reflex. Application of the topical anesthesia 
to the skin dermatomes showed a substantial facil­
itation of the reflex for most of the dermatomes 
tested. As can be seen in Fig. 2B, in the individual 
experiments the H-reflex significantly increased in 
amplitude (P < 10- 6 

) 30 min after application of 
the topical anesthesia to each skin dermatome 
except for that of the S1 dermatome. 

In most subjects, however, the degree of facili­
tation in the H-reflex was not as significant as it 
was when skin areas were desensitized (Fig. 2A). 
This is probably due to the fact that the skin 
dermatomes were physically smaller than the skin 
areas previously examined. This result appears to 
indicate the existence of a possible spatial summa­
tion of the effect on the discharge of the 
motoneuron pool. The H-reflex facilitation in­
creased with time following application of the 
anesthesia (Fig. 4). Both the L2 and L3 der­
rnatomes which overlap with parts of the quadri­
ceps skin area showed an H-reflex facilitation sim­
ilar to that of the quadriceps skin area. Thirty 
minutes after application of anesthesia to the L2 
dermatome and quadriceps skin area, the grand 
mean values for the H-reflex were (214 ± 44)% and 
(202 ± 69)% respectively. However, although L3 
dermatome desensitization did not result in as 
much H-reflex facilitation as in the L2 dermatome 
(138% in L3, 214% in L2, 30 min post anesthesia), 
the inter-subject variation (standard deviation) in 
the L3 dermatome was relatively small (Fig. 4). 
For both the L2 and L3 dermatomes the value of 
the slope of the linear regression line was statisti­
cally significant (P < 0.05, P < 0.04) (see Table 
II). 
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Application of topical anesthesia to the L4 and 
L5 dermatomes resulted in a substantial increase 
in the H-reflex amplitude. This reflex facilitation 
continued with time (Fig. 4). However, the slope 
of the linear regression line for both cases was not 
statistically significant from the zero horizontal 
line (Table II). This was mainly due to the large 
inter-subject variation which was represented by 
the large standard deviation. In fact, an H-reflex 
inhibition or no significant change with desensiti­
zation of the L4 or L5 dermatomes might have 
been expected as parts of these dermatomes over­
lap with the anterior tibial skin area. However, 
because both dermatomes cover an area from the 
anterior and posterior surface of the leg (Fig. I) 
and because reflex facilitation appears to be more 
dominant than inhibition after anesthesia, the net 
result was an increase in the H-reflex amplitude. 
This varied behavior was always associated with 
the largest inter-subject variation seen (Fig. 4). In 
the L4 and L5 dermatomes 9 out of 10 subjects 
showed varied reflex facilitation while one subject 
demonstrated no apparent changes. 

In the SI dermatome, skin desensitization in 5 
subjects resulted in mild (133% ± 22%, 30 min post 
anesthesia) but significant (P < 0.05) facilitation 

TABLE II 

The slope value of the linear regression line for the changes in 
the H-reflex and ATR with time post anesthesia to various skin 
dermatomes (values correspond to those plotted in Fig. 4). 

Skin Value of P Signifi­
derma­ slope (% value cance 
tome change/ 

min) 

H-reflex L2 2.44 0.05 S 
L3 1.19 0.04 S 
L4 2.03 0.10 NS 
LS 1.55 0.26 NS 
Sl 0.73 0.05 S 
S2 1.35 0.21 NS 

ATR L2 0.55 0.70 NS 
L3 0.80 0.65 NS 
L4 0.10 0.92 NS 
LS -2.35 0.02 S 
Sl 0.80 0.43 NS 
S2 -0.50 0.63 NS 
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Fig. 4. Percentage changes in the H-reflex and ATR with time 
after application of topical anesthesia to L2, L3, L4, LS, Sl and 
S2 dermatomes. The grand mean and standard deviation of the 
percent of changes in all subjects tested at each skin der­
matome is plotted for a period up to 30 min post anesthesia. 
The control value of the H-reflex amplitude before anesthesia 
was considered as 100% on the ordinate in these plots. 

of the H-reflex. The reflex amplitude ranged from 
a mild to moderate degree of facilitation in 4 
subjects. One subject demonstrated no significant 
changes throughout the 30 min following 
anesthesia. It is important to note that inter-sub­
ject variation from the SI dermatome was small 
when compared to other skin areas and der­
matomes (Fig. 4). Moreover, the reflex facilitation, 
post anesthesia, was not as large as those after 
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desensitization of the calf skin area, L2 or L3 
dermatome (Figs. 2B and 4). 

The S2 dermatome is equivalent for the most 
part to the hamstrings skin area. Also, it covers the 
surface area on the back of the proximal one-third 
of the leg (Fig. 1). When this dermatome was 
desensitized, H-reflex facilitation was noticed in 2 
out of 3 subjects, while one subject showed no 
measurable changes. This variability resulted in an 
average reflex response having no significant 
changes post anesthesia (Table II). 

In those experiments in which a small M-re­
sponse was recorded, no significant changes were 
noted. Therefore, it appears that no changes in the 
stimulus volley occurred during the experiment. 
Thus the changes in the H-reflexes are attributable 
to a change in the central excitatory state. Also, no 
significant changes were noticed in the latencies of 
the responses. 

The results of H-reflex modulation are sum­
marized in Fig. 5. It shows a lateral view of those 
areas which when desensitized with anesthesia re­
sult in H-reflex facilitation (dotted) and those 
which when desensitized result in either H-reflex 
inhibition or no significant changes (cross­
hatched). 

A TR. Whenever there was a substantial in­
crease in the amplitude of the H-reflex after topi­
cal anesthesia, it was always associated with either 
a significant time-dependent decrease (P < 0.02) 
of the ATR or else no significant change. The 
substantial inter-subject variation of the ATR data 
concealed the predominant trends of most sub­
jects. However, because the intra-subject variation 
was minimal, it was possible to group the results 
obtained from all 24 subjects: 14 showed inhibi­
tion, 5 showed some facilitation, and 5 showed no 

TABLE III 
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Fig. 5. Skin areas which when desensitized by anesthesia result 
in facilitation of the H-reflex (dotted), and those which when 
desensitized result in inconsistent changes in the amplitude of 
the H-reflex (cross-hatched). 

measurable changes. (For details of individual der­
matomal effect, refer to Table III.) In these indi­
vidual experiments the grand mean amplitude of 
the ATR was less than 50% of the control in 3 
subjects and was 53-89% of the control in 11 
subjects. In those subjects who showed facilitation 
of the ATR post anesthesia, the mean value of the 
amplitude ranged from 117% to 147% of the con­
trol value. 

!'I 

The changes in the ATR in individual experiments after application of topical anesthesia to various skin dermatomes. 

ATR L2 L3 L4 L5 Sl S2 Number of 
changes subjects 

Inhibition 2 2 3 3 3 14 
No change 3 I 1 5 
Facilitation 2 I 1 5 



684 

Application of topical anesthesia to the entire skin of 
the lower limb 

When topical anesthesia was applied to the 
entire skin of the lower limb, the H-reflex was 
substantially increased in amplitude in all subjects 
(n = 3). The peak-to-peak amplitude was (211 ± 
95)% of the control 30 min post anesthesia. Again, 
the inter-subject variation was large. With every 
increase in H-reflex amplitude, a substantial re­
duction of ATR was noticed; it decreased to (64 ± 
39)% of the control value 30 min after application 
of anesthesia. 

No measurable changes in the H-reflex or ATR 
were noticed after application of the placebo spray 
in the control experiments. It is worth noting that 
the above-mentioned results were relatively similar 
whether the foot was passively flexed (with accom­
panying stretching of the Achilles tendon) or when 
the foot was left free in the neutral position. 

Discussion 

The soleus H-reflex was significantly increased 
in amplitude after desensitization of different skin 
areas and dermatomes of the lower limb with the 
exception of the anterior tibial skin area and its 
parallel dermatomes. (Note the lack, of statistical 
results from L4 and L5 as shown in Table II.) 
Most individual experiments, such as the one pre­
sented in Fig. 2A, B, clearly demonstrate such a 
pattern of excitability. These individual experi­
ments show that S1 and possibly S2 are the skin 
dermatomes with minimal effect on the soleus 
motoneuron pool after topical anesthesia. It was 
also noted that whenever there was a facilitation of 
the soleus H-reflex, it was almost always associ­
ated with inhibition or no measurable changes in 
the ATR of the same muscle. 

The H-reflex has been generally considered to 
be a reliable measure of the excitability of the 0: 

motoneurons, while the ATR has been interpreted 
as a measure for both 0: and y motoneuron excita­
bility (W.B. Matthews 1970). However, due to the 
possible involvement of the presynaptic inhibition 
in the modulation of these reflexes, it may be 
claimed that the H-reflex as well as the ATR are 
not a direct measure of the excitability of the 0: 
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motoneurons (Wall 1964; Schmidt 1971). Further­
more, although H-reflex technique is an artificial 
(electrical) method of testing the excitability of the 
IX motoneurons, other properties of this reflex, 
such as being monosynaptic, spinal and unbiased 
by the v-system outweigh its limitation. 

Our experiments, which show H-reflex facilita­
tion following the application of topical anesthesia 
to various skin areas of the lower limb, appear to 
indicate that decreased sensitivity of skin receptors 
can cause an increase in the IX motoneuron excita­
bility. Furthermore, a companion study involving 
the use of the H-reflex recovery curve, which is not 
affected by presynaptic inhibition, also demon­
strated an increase in the excitability of the 
motoneuron pool following topical anesthesia 
(Sabbahi and De Luca 1981), providing additional 
credence to the present results. 

In a previous investigation, Sabbahi and Sedg­
wick (1976) demonstrated that two kinds of natu­
ral skin stimuli (cooling to stimulate the cold 
receptors and scrubbing to stimulate the mechani­
cal receptors) both substantially inhibited the 
H-reflex. The results of our present study are also 
consistent with these findings since they show that 
the decrease of skin sensation induced by topical 
anesthesia resulted in the opposite effect, that is, 
in H-reflex facilitation. Furthermore, both sets of 
results are supported by our current clinical stud­
ies (Sabbahi et al. 1981). In these recent studies 
involving patients with stroke, application of topi­
cal anesthesia to the skin of the lower limbs resulted 
in a substantial increase in the active movement 
pattern associated with substantial increase in the 
peak-to-peak amplitude of the H-reflex. 

Other investigators have also noted modifica­
tions in the motor output with varying excitability 
of the skin receptors. Hagbarth and Finer (1963) 
have shown that some skin areas of the human 
lower limb have a facilitatory effect on the flexor 
reflex, whereas other areas have an inhibitory ef­
fect. More recently, Marsden et al. (1979) reported 
an increase in electromyographic activity in the 
flexor muscle and a decrease in the extensor muscle 
of the thumb after applying anesthesia to the skin 
of the thumb. Animal studies have also supported 
these findings by showing that the IX motoneurons 
(Hagbarth 1952) and the y motoneurons (Eldred 
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and Hagbarth 1954) are affected by skin stimula­
tion. In contrast, other investigators have reported 
that the skin was without effect on motoneuron 
excitability (Magladery et al. 1951; Isaacs et al. 
1968). This contrary finding may be attributable 
to differences in the mode of skin stimulation, 
since the latter investigators used electrical stimu­
lation to the skin in order to study the effect of 
skin receptors discharge on motoneuron excitabil­
ity. Electrical skin stimulation, apart from being 
artificial, is also non-specific to a particular recep­
tor (P.B.e. Matthews 1972). 

The apparent effect the skin receptors have on 
the discharge of the motoneuron pool could vary 
not only according to the type of receptors stimu­
lated, but also according to the location of these 
receptors in the skin. In fact, Hagbarth (1952) 
reported that the motoneurons to the extensor 
muscles of the cat foot are excited by all skin areas 
of the lower limb except that skin area overlying 
the antagonist muscle. This pattern of modulation 
could be of clinical validity, although it has not 
been reproduced by other workers (Magladery et 
al. 1951; Isaacs et al. 1968; Gassel and Ott 1970). 

The pattern observed in this study by which 
skin areas modulate the excitability of the soleus 
motoneuron pool does not coincide with the find­
ings of Hagbarth and Finer (1963) but is con­
sistent with our previous work (Sabbahi and 
Sedgwick 1976). The experimental procedure em­
ployed in the present experiments is different, and 
most important, the stimuli are not noxious. 
Hagbarth and Finer (1963) used noxious stimuli 
and used the flexor reflex as an index for the 
motoneuron excitability. In our work, either natu­
ral stimuli or desensitization of cutaneous recep­
tors discharge (via anesthesia) were used. Also, 
many of the subjects tested in Hagbarth and Finer's 
experiment maintained muscle contraction at the 
time of stimulation, whereas ours were relaxed and 
remained relaxed. Sustained muscle activity in­
volves a number of segmental mechanisms which 
would be quiescent in our subjects. It could be 
argued that the flexor reflex as a polysynaptic 
reflex could be altered by the suprasegmental in­
puts on the interneurons (Willer et al. 1979) which 
would conceal the true response of the 
motoneurons to the afferent signals. Willer et al. 

(1979) demonstrated a significant change, either 
facilitation or inhibition, in the nociceptive reflex 
with supraspinal inflow as set by mental task or 
stress. 

In the individual ATR experiments, it was noted 
that whenever there was an increase in the H-re­
flex after topical anesthesia, there was either no 
significant change or a mild reduction in the am­
plitude of the ATR. This indicates a concurrent 
reduction in the excitability of the y motoneuron 
(implying a decrease in the sensitivity of the muscle 
spindles to phasic stretch) to compensate for the 
increase in the excitability of the ex motoneurons. 
This conjecture is in agreement with similar ob­
servations reported by other investigators 
(Urbscheit and Bishop 1970) and is compatible 
with the work of Eldred and Hagbarth (1954) who 
demonstrated an increase in the discharge of the y 
motoneurons after skin stimulation. It is also sup­
ported by the recent work of Ellaway et al. (1981) 
who demonstrated an increase in the y motoneuron 
discharge after stimulation of the lower threshold 
group III mechanoreceptor afferents. This simulta­
neous interaction between the ex and y motoneurons 
in response to the reduction in skin sensory dis­
charge may be a result of the requirement for 
maintaining the reflex gain constant. 

Recently Abbruzzese et al. (1978) have reported 
a reduction in the tendon vibration reflex after 
anesthesia applied to the skin underlying a vibra­
tor placed over the extensor muscles of the lower 
limb. They attributed these changes to a 
'withdrawal' of a tonic facilitatory influence from 
skin mechanoreceptors. This tonic facilitatory ef­
fect of the cutaneous afferents was also proposed 
by Marsden et al. (1976) and may be similar to our 
findings. However, it is important to note that this 
'withdrawal' of the tonic facilitatory influence on 
the y motoneurons from the skin is always associ­
ated with 'withdrawal' of the tonic inhibitory in­
fluence on the ex motoneurons as seen from the 
present results of the H-reflex. It appears that the 
skin afferent stimuli have a dual effect on the 
motoneuron pool: a tonic facilitatory effect as well 
as a tonic inhibitory effect. This is shown in the 
phasic and tonic reflexes respectively. 

The mechanism which controls the simulta­
neous interaction between the ex and y motoneurons 
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after skin desensitization is not yet understood. 
Segmental and suprasegmental mechanisms could 
be involved. The possibility that suprasegmental 
and supraspinal pathways could be involved in 
modulation of the H-reflex with skin desensitiza­
tion is supported by the results of Rosen and 
Asanuma (1972). The projection of cutaneous 
afferent to the motor cortex and the transcortical 
theory of the stretch reflex is in agreement with the 
effect of supraspinal pathways on the IX 

motoneurons during desensitization of the skin. 
Moreover, Lewis and Porter (1974) demonstrated 
an increase in the firing discharge of the pyramidal 
tract neurons after blocking afferent discharge with 
anesthesia. However, the fact that L5, Sl and S2 
dermatomes (the spinal roots of which supply the 
soleus muscle) and the anterior tibial skin area 
(L4, L5, Sl) showed minimal or no significant 
changes implies a segmental effect. This was also 
the case with stimulation of the mechanoreceptors 
and cold receptors (Sabbahi and Sedgwick 1976). 
From the present results, however, it is difficult to 
differentiate the degree of involvement of different 
kinds of mechanisms resulting in the modulation 
of the H-reflex and the ATR. 

Perhaps the most important point demonstrated 
by these results is that spontaneous on-going activ­
ity from the skin of the lower limb continuously 
affects the motoneuron pool of the soleus. Sponta­
neous discharges of cutaneous afferents have been 
reported in the glabrous and in the hairy skin of 
humans (Knibestol and Vallbo 1970; Knibestol 
1975) as well as the cat (Chambers et al. 1972). 
Johansson (1978) has demonstrated that such dis­
charges occur below the psycho-physical threshold 
of the skin. It is postulated that the reduction in 
this activity or discharge, induced by topical 
anesthesia, alters the excitability level of the 
motoneuron pool. The concept of this present 
conjecture could be of clinical value in modulating 
the output of different types of motoneuron pools 
by using the skin as a potential effector in neuro­
logical conditions. Such modulation, coupled with 
the apparent selective connections between skin 
receptors and specific motoneuron pools could 
provide the basis for a novel approach in the 
rehabilitation of spastic patients. The apparent 
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interaction between the IX and y motoneurons 
should be exploited clinically, particularly for cases 
of spasticity caused by y bias. This hypothesis has 
been tested favorably by Sabbahi et al. (1981). 

In conclusion, 'these-resultS demonstrate the ex­
istence of a significant inhibition of the soleus IX 

motoneuron pool by all the skin areas of the lower 
limb except those overlying the antagonist. The 
latter skin area had a varied and inconsistent 
effect on the IX motoneurons of the soleus muscle. 
We speculate that even without overt skin stimula­
tion there is an on-going activity from the skin of 
the lower limb on the soleus motoneuron pool. 
The evidence for this speculation is that when skin 
sensation is reduced or blocked, an overall change 
in the excitability arrangement of the IX and y 

motoneurons occurs in response to afferent sig­
nals. 

Summary 

Skin desensitization by topical anesthesia was 
studied for its effect on the motoneuron excitabil­
ity of the soleus muscle. Skin areas overlying calf, 
tibial, quadriceps and hamstrings muscles and skin 
dermatomes (L2, L3, L4, L5, Sl and S2) were 
studied separately. Motoneuron excitabilities were 
measured by the H-reflex and Achilles tendon 
reflex (for IX and y motoneurons). 

It was shown that anesthesia applied to all skin 
areas and dermatomes, except those overlying the 
antagonist muscles, resulted in significant facilita­
tion of the soleus H-reflex. In these cases, the ATR 
showed either slight inhibition or no significant 
changes. Anesthesia to the skin overlying the ante­
rior tibial antagonistic muscle produced varied 
and inconsistent modifications in the amplitude of 
the H-reflex. In these cases the ATR was either 
slightly facilitated or showed no significant 
changes. 

These results appear to indicate the existence of 
on-going excitatory and inhibitory effects from the 
skin on the IX and y motoneuron pool probably via 
segmental and suprasegmental levels. A possible 
clinical application of these results to modulate the 
motoneuron pool excitability is proposed. 
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Resume 

Anesthesie topique: modulation des reflexes mono­
synaptiques par suppression de la sensibilite cutanee 

L'effet d'une 'desensibilisation' de la peau par 
anesthesie locale a ete etudie, sur l'excitabilite des 
motoneurones du muscle soleaire, On a ainsi traite 
separement les territoires cutanes situes au-dessus 
des muscles du mollet, au-dessus du tibial, du 
quadriceps et de la partie posterieure de la cuisse, 
ainsi que les dermatomes cutanes L2, L3, L4, L5, 
S1 et S2. Les excitabilites motoneuronales ( 0: et y) 
ont ete evaluees it partir du reflexe H et du reflexe 
achilleen. 

L'anesthesie, lorsqu'elle etait appliquee it tous 
les territoires cutanes et aux dermatomes, a entraine 
une facilitation significative du reflexe H du 
soleaire, it l'exception de l'anesthesie des regions 
cutanees recouvrant ses muscles antagonistes. En 
merne temps, le reflexe achilleen etait soit legere­
ment inhibe soit non significativement modi fie. En 
revanche, l'anesthesie appliquee it la peau au-des­
sus du tibial anterieur, antagoniste du soleaire, n'a 
modifie Ie reflexe H que de maniere inconsistante 
et variable. Dans ce cas, le reflexe achilleen a ete 
soit legerement Iacilite soit non significativement 
modifie. 

Ces resultats suggerent l'existence d'effets ex­
citateurs ou inhibiteurs toniques de la peau sur les 
pools de motoneurones alpha et gamma, probable­
ment it travers les niveaux segmentaires et supra­
segmentaires. Une possibilite d'application clinique 
de ces resultats est proposeee, en vue de moduler 
l'excitabilite des pools de motoneurones. 

The authors are grateful for the interest and assistance 
provided by Dr. W.R. Powers throughout this study. We wish 
to thank Mr. J. Bloom for his help in the analysis of the data, 
and Mr. L.D. Gilmore for providing technical assistance. The 
topical anesthesia spray (Americaine) as well as the placebo 
spray was supplied by American Critical Care. This work was 
supported by Project Hope and Liberty Mutual Insurance 
Company. 

References 

Abbruzzese, G., Hagbarth, K.E., Homma, I. and Wallin, U. 
Excitation from skin receptors contributing to the tonic 
vibration reflex in man. Brain Res., 1978, 150: 194-197. 

Chambers, M.R., Andres, K.H., Duering, M.V. and Iggo, A. 
The structure and function of the slowly adapting type II 
mechanoreceptor in hairy skin. Quart. J. expo Physiol., 1972, 
57: 417-445. 

Eldred, E. and Hagbarth, K.E. Facilitation and inhibition of 
gamma afferents by stimulation of certain skin areas. J. 
Neurophysiol., 1954, 17: 59-65. 

Ellaway, P.H., Murphy, P.R. and Tripathi, A Group III muscle 
afferents which excite gamma motoneurones in the cat. 
Proc, 11th Ann. Mtng Soc. Neurosci., Los Angeles, Calif., 
Oct. 18, 1981: 188. 

Gassel, M.M. and Ott, K.M. Local sign and late effects on 
motoneuron excitability of cutaneous stimulation in man. 
Brain, 1970,93: 95-106. 

Hagbarth, K.E. Excitation and inhibition of flexor and ex­
tensor skin area. Acta physiol. scand., 1952, 26 (Suppl.): 
I-58. 

Hagbarth, K.E. and Finer, E.L. The plasticity of human 
withdrawal reflexes to noxious skin stimuli in lower limbs. 
In: G. Moruzzi, A. Fessard and H.H. Jasper (Eds.), Brain 
Mechanisms, Prog. Brain Res., Vol. 1. Elsevier, Amsterdam, 
1963: 65-78. 

Hugon, M. Methodology of the Hoffman reflex. New Develop­
ment in EMG. In: J. Desmedt (Ed.), Clin. Neurophysiol., 
Vol. III. Karger, Basel, 1973: 277-293. 

Isaacs, E.R., Szumski, A.J. and Suter, C Central and peripheral 
influence of the H-reflex in normal man. Neurology (Min­
neap.), 1968, 18: 907-914. 

Johansson, R.S. Tactile sensibility in the human hand: recep­
tive field characteristics of mechanoreceptive units in the 
glabrous skin area. J. Physiol. (Lond.), 1978,281: 101-123. 

Knibestol, M. Stimulus-response functions of slowly adapting 
mechanoreceptors in the human glabrous skin area. J. Phys­
iol, (Lond.), 1975, 245: 63-80. 

Knibestol, M. and Vallbo, A.B. Single unit analysis of mecha­
noreceptor activity from the human glabrous skin. Acta 
physiol. scand., 1970,80: 178-195. 

Lewis, M. McD. and Porter, R. Pyramidal tract discharge in 
relation to movement performance in monkeys with partial 
anesthesia of the moving hand. Brain Res., 1974, 71: 
345-351. 

Magladery, J.W., Teasdall, R.D., Park, AM. and Porter, W.E. 
Electrophysiological studies of nerve and reflex activi ty in 
normal man, 'excitation and inhibition of two neuron re­
flexes by afferent impulses in the same nerve trunk.' Bull. 
Johns Hopk. Hosp., 1951,88: 520-537. 

Marsden, CD., Merton, P.A and Morton, H.B. Servo action in 
the human thumb. J. Physiol. (Lond.), 1976,257: 1-44. 

Marsden, CD., Rothwell, J.C and Traub, M.M. Effect of 
thumb anesthesia on weight perception. Muscle activity and 
the stretch reflex in man. J. Physiol., (Lond.), 1979, 294: 
303-315. 

Matthews, P.B.C The use of electrical stimulation to study the 
reflex roles of the various sizes of afferent fibers. In: P.B.C. 
Matthews (Ed.), Mammalian Muscle Receptors and their 
Central Actions. Edward Arnold, London, 1972: 332-334. 

Matthews, W.E. The clinical implications of the H-reflex and 



688 

other electrically induced reflexes. In: D. Williams (Ed.), 
Modern Trends of Neurology, Vol. 5, Butterworths, London, 
1970: 241-253. 

Rosen, I. and Asanuma, H. Peripheral afferent inputs to the 
forelimb area of the monkey motor cortex: input-output 
relations. Exp. Brain Res., 1972, 14: 257-273. 

Sabbahi, M.A. and De Luca, c.J. Topical anesthesia: H-reflex 
recovery changes by desensitization of the skin. Electroen­
ceph. din. Neurophysiol., 1981,52: 328-335. 

Sabbahi, M.A. and Sedgwick, E.M. H-reflex modulation by 
natural stimulation of the skin. Electroenceph. din. Neuro­
physiol., 1976,41: 537. 

Sabbahi, M.A., De Luca, c.r. and Powers, W.R. Topical 

M.A. SABBAHI, c.r. DE LUCA 

anesthesia: a possible treatment method for spasticity. Arch. 
phys. Med. Rehab., 1981, 62: 310-314. 

Schmidt, R.F. Presynaptic inhibition of the vertebrate central 
nervous system. Ergebn. Physiol., 1971, 63: 20-101. 

Urbscheit, N. and Bishop, B. Effects of cooling on the ankle 
jerk and H-reflex. Phys. Ther., 1970,50: 1041-1049. 

Wall, P.D. Presynaptic control of impulses at the first central 
synapse in the cutaneous pathway. Prog. Brain Res., 1964, 
12: 92-115. 

Willer,	 CiL, Boureau, F. and Albe-Fessard, D. Supraspinal 
influences on nociceptive flexion reflex and pain sensation 
in man. Brain Res., 1979, 61-68. 


