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Electrical stimulation of the supraorbital branch of the human facial nerve resulted in an oligo
synaptic ipsilateral reflex (R,)and a polysynaptic bilateral late reflex (~) of the orbicularis oc
uli muscle. Former studies had already reported different reaction patterns of R, and Rz during
mental tasks as well as during low-frequency stimulation. The present study was concerned
with the possible difference in habituation of R, and Rz under conditions with and without a
mental task. The habituation paradigm was as follows: Ten control stimuli were presented at
l-min intervals. Identical stimuli were then given during a 30·min session at one of the following
frequencies: 113.75 sec, 117.5 sec, 1/15sec, 1130 sec, and 1160 sec, during which time subjects
either had a continuous rest or performed a mental task. At the end of this session, the stimu
lation frequency changed to 113.75 sec. R, increased during a mental task, whereas Rz was re
duced. It was further concluded that R, underwent more sensitization influences, as R, showed
more habituation, and that this divergence was due to differences in central neural pathways.

The electrically evoked blink reflex results from
stimulation of the supraorbital branch of the fifth
cranial nerve. The resulting electromyogram of the
orbicularis oculi muscle comprises an early ipsilateral
component (R,) with a latency of ± 10 msec and a
late bilateral component (Rz) with a latency of ±25
40 msec (Kimura, 1973a; Penders & Delwaide, 1973).
Blink reflexes can be modified by presentation of a
prestimulus that influences R, and R, differently
(Sanes & Ison, 1979); that is, an increase of R, and a
decrease of R2 has been observed.

Silverstein, Graham, and Calloway (1980) elicited
reflex blinking of the orbicularis oculi muscle using
strong white-noise bursts. This resulted in EMG ac
tivity comparable to R2 • Also in their experiment,
reflex magnitude was reduced by weak prestimula
tion . Other examples of an opposite behavior of R,

and R2 have been observed with subjects performing
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tasks. Boelhouwer and Brunia (1977, 1979) found
an increase of R, and a decrease of R2 under the in
fluence of a mental task. A different kind of mental
task influence on R2 was reported by Gregoric (1973):
a less effective and slower habituation of R2 when the
subject's attention was distracted from the stimula
tion by solving arithmetic problems. This resulted in
a higher mean value of R2 during the performance
of these mental tasks as compared with a situation
involving only rest. The different behavior of R, and
R2 has also been reported for pathological condi
tions: The observations of Gregorio (1972) and Penders
and Delwaide(1971) indicated an absence of R2 habitu
ation in parkinsonism; Kimura (1973b) noted the dif
ference in recovery curves of normal subjects and
parkinsonian patients. Although the recovery curve
of R, is normal in Parkinson's disease, R2 showed no
suppression, thus suggesting a hyperactivity of the
interneurons of R2 • R, was demonstrated as disynap
tic in cats (Hiraoka & Shimamura, 1977) and in hu
mans (Ongerboer de Visser & Kuypers, 1978), while
R2 had a polysynaptic reflex arc mediated through
the trigeminal spinal nucleus with consequent differ
ences in latency between R, and R2 •

Habituation of exteroceptive reflexes as a result of
repeated stimulation is a phenomenon observed in
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many experiments (Desmedt& Godaux, 1976; Pearson
& Wenkstern, 1972). Thompson and Spencer (1966)
reported that habituation depends upon, among
other factors, the stimulation frequency. Reflex
strength decreases exponentially as a function of the
number of stimuli. Application of another (usually
stronger) stimulus results in recovery of the habitu
ated response. This sensitization, or dishabituation,
is a facilitative process, superimposed on the habitua
tion process. Independently of habituation, given an
intrinsic decay time, the dishabituated response
gradually decreased to the habituated level (Thompson,
Berry, Rinaldi, & Berger, 1979).These two indepen
dent processes conform to two classes of interneu
rons: some show a decreasing firing frequency after
the onset of repeated stimulation; others show an
increase followed by a somewhat variable decrement
(Groves & Thompson, 1970).

Habituation of the blink reflex has previously been
clearly demonstrated (Boelhouwer & Brunia, 1979;
Gregorio, 1972, 1973; Penders & Delwaide, 1973;
Shahani & Young, 1968).It can be observed as a dim
inution of the magnitude of the response, particu
larly of the bilateral R1 • When stimulation was ap
plied at different frequencies, a magnitude decrement
of both the early and the late component was ob
served: R1 decreased faster at higher frequencies,
whereas the diminution of R1 was unrelated to the
applied frequency (Boelhouwer& Brunia, 1979).

The present study was designed to investigate the
following: (1) Gregoric (1973) reported that evoking
a blink reflex at Y3 sec produced larger R1 compo
nents during performance of a mental task as com
pared with a resting situation, whereas Boelhouwer
and Brunia (1977, 1979), stimulating at lower fre
quencies, observed a decrement of R3 during per
formance of a mental task. To study these opposite
results, all stimulation frequencies applied by these
authors were included in the present study, both dur
ing rest and during the performance of a mental task.
(2) Does the performance of a mental task delay
habituation (Ferrari & Messina, 1972; Gregoric,
1973)1 (3) Will a sudden frequency increase at the
end of the experiment result in a different sensiti
zation and/or habituation pattern for both reflex
components.

METHOD

Subjects
One hundred subjects of both sexes, ranging in age from 18 to

35 years, participated in the experiment. The subjects were paid.

Apparatus
During the experimental session, the subject was seated in a

dimly lit, electrically shielded soundproof cabin. Blink reflexes
were evoked by a Devices isolated stimulator (Type 2533) in series
with a Grass CCU-IA constant-current unit. The rectangular
pulses of .10 msec were applied to the supraorbital branch of the
5th cranial nerve above the left eye. Shock intensity was adjusted
so that R, was maximal and relatively stable during the time in

which approximately 10 test reflexes were evoked with a stimu
lation frequency of 1/10 sec. Orbicularis oculi EMG was recorded
bipolarly over the inferior orbital portion of both the left and the
right muscle from Beckman surface electrodes (infant size), one
located 1 em below the outer canthus of each eye and the other
about 1.5 em medially. A ground electrode was located about
1 em lateral to the outer canthus of the left eye. Responses were
amplified by two Hellige EE preamplifiers (passband .6-1,000 Hz)
and recorded on a Hewlett-Packard instrumentation recorder
(Type HP 3960, bandpass 0-312 Hz). The EMG was digitized off
line (sample frequency 2,048 Hz, 12 bits, input level ± 1.5 V).
The peak-to-peak amplitude of R, and the integral of the ipsilateral
and contralateral R. (full-wave rectification) were calculated after
linear trend removal to correct for possible baseline shifts. Half
of the subjects performed a binary choice task. High (2,400 Hz)
and low (800 Hz) tones were presented with equal probability in
random order through a loudspeaker set at a frequency of 60
tones/min. Two response buttons were located on the arms of
the chair. The subjects pressed the left button after a low tone
and the right one after a high tone . The presentation of the tones
was unrelated to the presentation of the electrical stimulus.

Procedure
The experimental design consisted of three conditions. Condi

tion 1 served to establish a reference baseline level: 10 reflexes
were evoked at a frequency of I min. Per subject, the mean of
these 10 reflexes was considered as the 100010 level. During Con
dition 2, which lasted 30 min, reflexes were evoked at one of the
following five frequencies : 1/3.75 sec, 1/7.5 sec, 1/15 sec,
1/30 sec, and 1/60 sec. In the third condition, 30 reflexes were
evoked at a frequency of 1/3 .75 sec. The first and second condi
tion were separated by a break of 5 min. Condition 3 was not
separated from Condition 2. The 100 subjects were randomly
divided into five groups of equal size. During Condition 2, one
of the above-listed frequencies was used for each group. In addi
tion, throughout Conditions 2 and 3, half of the subjects in each
group performed the binary choice task . Participants were also
informed about a possible change in stimulation frequency to
wards the end of Condition 2. This change took place in all but
one group, which remained at a stimulation frequency of 1/3.75 sec
throughout Conditions 2 and 3. This change in frequency was
introduced so that the eventual effect of sensitization could be
studied.

The percentages of the peak-to-peak amplitudes of R, and the
integrals of the ipsilateral and contralateral R. were averaged
over subjects. The best-fitting negative exponential curves were
computed, conforming to the least squares principle, and drawn
in the f1iW'es for illustrative purposes. Conclusions were based
on a multivariate analysis of variance, using the Raa-Khatri model
(Timm, 1975; Morrison, 1976). To minimize the error component,
pereentaged curves of individual subjects were smoothed (smooth
length =3). In order to fulfill statistical assumptions, reduction
of the number of dependent measures was necessary. Therefore,
the experimental period of 30 min was subdivided into three pe
riods of 10min.

RESULTS

The percentages averaged over subjects in the rest
phase, as well as in the mental task phase, resulted in
mean curves of the slope of the peak-to-peak ampli
tudes of R1 (Figure 1) and the integrals of R3 (Fig
ure 2). For R3 , only the ipsilateral results are shown.
Contralaterally, identical results were found.

Early Reflex
Mental task. In order to compare the rest and men

tal task periods (Condition 2) for each stimulation
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frequency, multivariate analyses were applied. Dur
ing the first 10 min, R1 amplitude was larger during
the mental task for every frequency except that for
the group with 1/7.5 sec stimulation frequency (see
Table 1); during the second 10 min of Condition 2,
the difference between rest and mental task dimin
ished. Only in the groups experiencing the two lowest
frequencies were still larger amplitudes observed dur
ing the mental task-an effect completely absent dur
ing the third 10-min period.

Habituation and sensitization . In the beginning of
Condition 2, an increase of the peak-to-peak ampli
tude of R1 was observed throughout the rest, as well
as during the mental task (Figure 1). The increment
during mental tasks was larger; however, the change
between Condition 1 (in which the baseline was es
tablished) and Condition 2 caused an increase in it
self. Sensitization was smallest for the one group

which remained at the stimulation frequency of
1/60 sec throughout Conditions 1 and 2. All other
groups manifested a higher degree of sensitization :
that is, the number of reflex amplitudes above the
baseline in Condition 2 was larger for these groups.
The greatest degree of sensitization could be seen in
the group with the highest frequency changeover be
tween Condition 1 and Condition 2 (1/60 sec to
1/3.75 sec).

The frequency change that took place between
Conditions 2 and 3 of the experiment also caused sen
sitization, and this was most pronounced in the group
that moved from a stimulation frequency of 1/60 sec
to one of 1/3.75 sec, that is, the group experiencing
the largest changeover. (Note that one group remained
at a stimulation frequency of 1/3 .75 sec throughout
Conditions 2 and 3.)

The decrement taking place during the 30 min of
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Figure 1. The course of peak-to-peak amplitudes of R1 during a rest (left) and during performance of a mental task (right)
at different stimulation frequencies. After 30 min, 30 reflexes were evoked at the highest stimulation frequency (I/3.75 sec).
Reflex amplitudes are expressed as a percentage of the mean of 10 control reflexes evoked at a frequency of 1/60 sec.
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Condition 2 seems to be independent of the applied
frequency. That is, for the participants performing
a task, as well as those who rested, a higher frequency
only slightly influenced the faster decrement during
this period (see Figure 1). This was confirmed through
application of a multivariate analysis that showed
that within the rest and mental task condition, the
frequency slopes were parallel (Wilks A= .372 during
the rest; A= .443during the task).

Late ReOex
Mental task. Multivariate analyses were applied to

compare the rest and mental task during Condition 2
for each stimulation frequency (Table 1). In general,
the R2 integral for those participants performing a
task was smaller than or equal to that of the partici
pants who rested; however, two exceptions were
noted. During the first 10 min of Condition 2, par
ticipants performing a task in the groups experienc
ing a stimulation frequency of 1160 sec or 1115 sec
evidenced a smaller R2 • Furthermore, the R2 integral
for those performing a task at a stimulation fre
quency of 1/3.75 sec in all three phases of Condi
tion 2 was larger (see Table 1 and Figure 2).

Habituation and sensitization. In contrast with
Rio no increase in R2 was observed at the beginning
of Condition 2. The decrement of the late compo
nent during rest was dependent on the applied fre
quency (Figure 2). The significant effect of nonpar
allel slopes during the first 10 min of the rest (Con
dition 2) confirmed this (Wilks A= .265, p < .01).
The larger the frequency changeover at the end of the
experiment, the more pronounced was habituation
at the 1I3.7S-sec frequency of Condition 3. Although
direct comparison of habituation after Condition 1
and after Condition 2 is difficult (given the differ
ence in time scale), it should be noted that there is an
equal pattern of R2 in the group with stimulation fre
quency changing from 1160 sec to 113.75 sec at the

start of Condition 2 and in the group with stimula
tion frequency changing from 1160 sec to 1/3 .75 sec
after Condition 2 (see Figure 2).

DISCUSSION

By comparing the effect of habituation and sensi
tization, as well as the influence of a mental task, it
can be seen from this study that the early and late
component of the blink reflex behave differently.

Mental Task
The increase in the amplitude of R1 during the per

formance of a mental task is presumably due to the
higher arousal level. This phenomenon has also been
observed in other reflex studies. An increase of Achilles
tendon reflex amplitudes (Brunia, 1971) during a bi
nary choice task and of R1 of the blink reflex during
the same task (Boelhouwer & Brunia, 1977, 1979)
has been observed. The polysynaptic reflex of the bi
ceps femoris muscle in response to stimulation of the
group II skin afferents was also larger during differ
ent kinds of mental tasks, as was the H-reflex, in
some studies (Bathien & Hugelin, 1969).

As far as the late component of the blink reflex is
concerned, results opposite to R1 have often been re
ported. One of the purposes of this study was to con
firm the different results of Boelhouwer and Brunia
(1977, 1979), who reported a decrement of R2 during
a mental task, and of Gregorio (1973), who found an
increase of R2 during a mental arithmetic task. The
results of the present study indeed cover both oppo
site opinions. At the highest stimulation frequency
(1/3.75 sec), comparable to that of Gregorio (1973),
a sharp decrease was seen at rest, while during the
mental task habituation was delayed. Comparing rest
and task at the 1/3.7S-sec stimulation frequency re
sulted in the conclusion that R2 was larger during a
mental task. However, at the other stimulation fre-

Table 1
Multivariate Hypothesis Testing for Coincidence (C) and Parallelism (P) During Three Periods of 10 Min

for the Rest vs. Task Conditions of Rl and R2, Respectively

Stimulation
First 10 Min Second 10 Min Third 10 Min

Frequency C P C P C P

Early Reflex

1/60 .230*t .458 .200*t .456 .547 .546
1/30 .246*t .266* .229*t .252* .591 .711
1/15 .186*t .423 .312 .315 .631 .673
1/7.5 .364 .470 .426 .445 .504 .579
1/3.75 .238*t .242* .773 .783 .997 .836

Late Reflex

1/60 .220*tt .542 .605 .677 .111**tt .167**
1/30 .704 .737 .656 .668 .754 .776
1/15 .189*tt .211* .558 .721 .439 .526
1/7.5 .580 .632 .369 .471 .566 .616
1/3.75 .142**t .162** .126**t .171** .075**t .146**

Note-Stimulation frequency is given in Hertz . A significant Wilks Ameans rejection of the aforementioned hypotheses.
•p < .05. ..p < .01. tro« > rest. ttTask < rest.
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Figure 2. The course of the integrals of R, during a rest (left) and during performance of a mental task (right) at different
stimulation frequencies. After 30 min, 30 reflexes were evoked at the highest stimulation frequency (1/3.75 sec). Integrals
are expressed as a percentage of the mean of 10 control reflexes evoked at a frequency of 1/60 sec.

quencies, the delayed habituation during task per
formance was not seen, leading to the conclusion that
R1 was reduced during mental task. In Conditions
2 and 3, R1 showed values below the 100% baseline
level, so the actual conclusion at the highest stimu
lation frequency (1/3.75 sec) was that R1 was not
larger during task, because it remained closest to the
100% baseline. The conclusion reached by Ferrari
and Messina (1972) and by Gregorio (1973)-that a
mental task delayed habituation of R1-held for the
highest stimulation frequency.

Habituation and Sensitization
R 1 and R1 also differed as far as habituation and

sensitization are concerned. The amplitude of the
early component in Condition 2 was always above
the 100% baseline level. The changeover between the

baseline condition (1/60 sec) and Condition 2 caused
the clearest sensitization at the highest frequency
change. This phenomenon could also be seen at the
end of the experiment, after the frequency change of
Condition 3 (1/3.75 sec). The classical theoretical
curve of Groves and Thompson (1970) showed habit
uation and sensitization to be different physiological
processes. R1 seemed to confirm this curve as far as the
initial increment followed by a decrease was concerned.
In Condition 2, the slopes of R 1 amplitudes for all
frequencies during rest were parallel, and this same
phenomenon held true for all frequencies during task
performance. The decrease of R1 was therefore con
cluded to be independent of the applied frequency.
Boelhouwer and Brunia (1979) also found the de
crease of R1 in their experiments to be relatively in
dependent of the applied frequencies . This finding
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runs contrary to the frequency-dependent criterium
of habituation as formulated by Grovesand Thompson
(1970) and Thompson and Spencer (1966) . Although
some habituation of RI was seen in the present ex
periment (i.e., the decrement below the 100070 base
line level), the present results could indicate that the
RI reflexcircuitrywas influenced more by sensitization
type neurons than by habituation-type neurons.

R1 , on the contrary, showed no sensitization; that
is, no initial increment of R1 was seen in the curves.
The habituation of R1 was dependent on the stimula
tion frequency. The change from Condition 2 to
Condition 3, even in the frequency change from
1/60 sec to 1/3.75 sec, caused no visible sensitiza
tion. Therefore, the conclusion seems warranted that
the reflex loop of R1 underwent more habituation
influences.

The differences between RI and R1 are of central
origin, as both components have a common afferent
and efferent pathway, that is, the trigeminal and
facial nerves. The central circuit of RI is located in the
pons. It probably contains one interneuron, located
between the principle sensory nucleus of the fifth
nerve and the motor nucleus of the seventh nerve
(Hiraoka & Shimamura, 1977). Recent studies of
Holstege and Graveland (1980) with cats pointed to
the involvement of another cell group in the RI cir
cuitry. This URI nucleus" was thought to be located
in the ventrolateral reticular formation just caudal
to the trigeminal motor nucleus. The R1 circuitry is
polysynaptic, descending into the lower medulla and
crossing at the level of the obex. The exact localiza
tion of the R1 circuitry is even more speculative than
that of R,. In the present experiment, RI was found
to reflect sensitization, as well as a change in the
arousal level. It is not clear whether these two phe
nomena are based on a process taking place in the
reflex circuitry of RI itself, or on the many cortical
and subcortical influences that are known to act on
the brainstem level. The same question holds true for
R1 , although influences of higher structures are even
more plausible in a polysynaptic reflex loop.
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