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Reflex eyelid blinks — on the applicability in psychophysiological researches

FUAD TOPIC IBRAHIMPASIC

Eyelids are a constituent part of eye’s proctetive system against potentially damaging external stimulation.
Eyelid blinks are based on contractions of the musculus orbicularis oculi. These contractions can be spontaneous,
“voluntary” and reflex. Reflex contractions are elicited by mechanical and electric stimulation of the eye and
facial regions, as well as by intense acoustic stimulatin of the cochlea and light stiulation of the retina. Reflex
contractions of the same muscle on different stimuli involve various afferent branches of the reflex arches. Reflex
centres related to those contractions vary as well, and they are located in medulla spinalis and in mesencephalon.
Research has demonstrated that characteristics of these contractions are not exclusively dependent on physical
features of the stimuli. They are largerly influenced by numerous factors causing changes in the functioning of
central nerous system. Reflex eyelid blinks can thus serve for research of the functions of nervous system, as they
are reflected in overt behavior. This survey tried to emphasize crucial findings of both international and Croatian
researchers in this area. These studies provided inshights about the neural basis of blink reflexes and the

functioning of central nervous system in general.

Historical framework

It is well known that the basis of eyelid closure are con-
tractions of musculus orbicularis oculi (Figure 1). Accord-
ing to their origin, these muscular contractions can be di-
vided into three groups: a) spontaneous (seemingly with no
evident cause), b) reflex (elicited by stimulation of certain
receptors), and ¢) voluntary (cortically controlled, i.e. “de-
liberate”” movements).

Historically, first researh on spontaneous eyelid blinks
was reported by Leeuwenhoek (1648; Walter, 1941). Leeu-
wenhoek investigated the role of fatigue and various psy-
chological factors (such as increased cognitive activity or
cognitive passivity) in the frequency of eyelid blinks. His
research later inspired numerous investigators, such as
Katz (1895), Lans (1902), Poller (1928), Walter (1941),
Hall (1945), Collins (1962), Holland & Tarlow, 1972), etc.

Katz (1895) explores the utility of the frequency of
spontaneous eyelid blinks as an indicator of the eye fatigue.
He presumed that retinal fatigue caused hyperemia of the
conjunctiva. This accumulation of blood acts as a stimulus
for the ends of nervus trigeminus. When stimulated, this
nerve elicits reflex contractions of palpebra. Katz experi-
mented with subjects reading under electrical or gas illumi-
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nation. He found the increase in frequency of eyelid blinks
when the light was weaker.

Lans (1902) finds that spontaneous blinks are reflex ac-
tivity caused by drying of the cornea and conjunctiva, or by
cooling of certain receptors in these tissues. He found that

Musculus orbicularis oculi
pars orbitalis )
" pars palpebralis

Figure 1. Facial muscles with labeled superior (pars pélpebralis)
.and inferior (pars orbitalis) part of the musculus orbicularis oculi.
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spontaneous blinks stopped when a person was in darkened
room of 37°C temperature and maximal humidity (100%).

Poller (1928) reports close attention to particular con-
tents, for example in reading, can decrease the frequency of
spontaneous blinks. Walter (1941) demonstrates that in-
crease of CO, in the atmosphere up to 30% or more in-
creases the frequency of eyelid blinks. This is an effect
similar to the effects of strong air streams over cornea and
conjunctiva. Hall (1945) investigates the frequency of
spontaneous blinks in healthy and sick subjects, in men and
women, and in states of rest and fatigue, trying to deter-
mine typical values for particular groups and situations.
Collins (1962) reports on positive relations between the
level of emotional excitation and the frequency of eyelid
blinks. He concludes that the frequency of spontaneous
blinks could be useful as an indicator of the level of emo-
tional excitation. Holland and Tarlow (1972) find a de-
crease in frequency of spontaneous eyelid blinks as a func-
tion of the increase in cognitive activity level.

Contemporary research showed that central dopamin-
ergic activity had a very important role in the control of
spontaneous blinking. A decrease in blinking frequency
was shown in patients who were taking dopamine antago-
nists (Karson, 1983). To the contrary, frequency of sponta-
neous blinking increased when dopamine agonists were
administered.

At the time of Leeuwenhoek’s research on spontaneous
eyelid blinks, Descartes (1596-1650) described so called
optical blink reflex, elicited by a sudden appearance of in-
tense illumination or some object in the visual field (War-
tenberg, 1945).

The growth of knowledge about the reflex activity of
muscular orbicularis oculi following the stimulation of ret-
ina with illumination, or cohlea with sound, paralleled the
increased interest in reflexes in general (Muller, 1844; Dar-
win, 1872; Exner, 1874; Forbes & Sherrington, 1914). Fur-
thermore, research showed that reflex blinks were elicited
by mechanical or electrical stimulation of the wide fore-
head area, zygomatic arch, nose, cornea and conjunctiva of
the eye, palate, throat, etc. (Exner, 1874; Overend, 1896;
Mayhew, 1897; Garten, 1898; McCarty, 1901; Zwaarde-
maker & Lans, 1900; Behterev, 1901, 1905; Moro, [1901;
Wartenberg, 1944], Dittler & Garten, 1918, Simchowitz,
1922, Galant, 1924, 1925; Aronovitch, 1927, Imperatori,
1930; Weis, 1942; Wartenberg, 1930/1944, Kugelberg,
1952: Rushworth, 1962; Shahani, 1970).

Historically, Exner’s research on reflex reaction time of
various parts of nervous system are particularly interesting
(Exner, 1874). He determined reflex reaction time of the
eyelid following the stimulation by electrical flow. In his
experiments, Exner used electrical stimulus generated by
inductional apparatus. Exner applied the stimulus close to
the eyelid of one eye, while at the same time specially con-
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strued mechanical device recorded eyelid movements of
the other eye (Figure 2). He was thus stimulating nervus tri-
geminus and eliciting reflex reaction of the eyelid. Exner
measured reaction time of the eyelid on weak and intense
electrical stimuli. He reported the reaction time of 0.0662
sec on weak stimuli and reaction time of 0.0578 sec on in-
tense stimuli.

Overend (1896) was the first who systematically inves-
tigated reflex blink evoked by a weak mechanical stroke
on various parts of frontal region. He reported that weak
stroke to the one side of the forehead evokes closure of the
eyelid on the same side. More intense stroke to the area of
middie forehead line evokes closure of the eyelids on both
sides. As it was possible to evoke reflex closure of the eye-
lids by weak strokes on all parts of frontal area, Overend
suggested that this reaction should be named “frontal re-
flex”. Furthermore, he argued that this reaction was not
elicited by the perception of movement or shadow of an
object used for the stimulation of the forehead area, but just
by mechanical stimulation itself. According to Overend,
the fact that “frontal reflex” could be elicited even in com-
pletely blind subjects is the crucial evidence for this claim.

Using more precise devices, Mayhew (1897) measured
reaction time of the reflex blink elicited by mechanical
stimuli applied two centimeters above the outer edge of
the eye (Figure 3). A piece of platinum wire, fixed on sub-
ject’s eyelid, closed the electrical circle when the eye was
opened. Closure of the eye moved the platinum wire, which
caused opening of the electrical circle, or the interruption
of electrical flow. Stimuli were generated by a weak stroke
of the rubber hammer on a spring. The device was adjusted
so that the application of a stimulus interrupted electrical
circle for a moment, and the time of this interruption was
registered on the revolving drum. Ten milliseconds later,
rubber hammer moved back into its initial position and

Figure 2. A simple mechanical device for the registration of eye-
lid movements. Subject holds one end of the light lever with his
teeth. One end of the thread is fixed on the eyelid by a piece of
plaster, while the other end is fixed at the end of the lever. Eyelid
movements are transmitted to the lever, which in turn registers
these movements on the revolving drum. Stimulus used to elicit
reflex eyelid response is the electric shock applied to the opposite
eyelid (Exner, 1874, pp. 527).
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closed the electrical circle. After a period of latency fol-
lowing the application of a stimulus, reflex contraction of
the eyelid interrupted the electrical circle again. This inter-
ruption was registered on the revolving drum. Time inter-
val between first and second interruption of the circle was a
latency time of the eye blink to mechanical stimulation.
Mayhew reported the average latency time of 0,042 sec
based on 450 measurements, a value lower than the one re-
ported by Exner (1874). Mayhew’s particular contribution
to the field was his research of the influence of “psychic
factors” on reaction time of palpebra (“The influence of
mind on the reflex time had to be considered”, pp. 45). He
investigated the influence of various aspects of “mental ac-
tivity” on the latency time of reflex contraction in three ex-
perimental situations. In the first situation subject had to
perform arithmetic operations of addition and multiplica-
tion, while in second experimental situation subject was
required to press the rubber bulb of the manometer to keep
the level of the mercury at the certain height. During the
third experimental situation, subject received a warning
few seconds prior to the stimulus. Mayhew found that the
rank order of latency times in three situations varied among
subjects, while the rank order of latency times in each of
the experimental situations was stable in repeated experi-
ments.

Figure 3. Apparatus for the registration of reflex contractions of
musculus orbicularis oculi (according to Mayhew, 1897, p.47). A
curve beyond the picture shows the traces of time changes regis-
tered on the revolving drum. These changes are produced by the
shifts of a hammer (a), and the eyelid movements (b). (Modified
after Mayhew, 1897, p. 38).

Garten (1898) measured latency time of reflex eyelid
contractions as a function of optical and mechanical stim-
uli. Garten was registering eyelid movements photograph-
ically, by a photopaper fixed on kymograph. Stimulation of
trigeminus by strong electrical flow elicited reflex closure
of the eyelid with reaction time of 0,04 sec. Garten also
elicited reflex eyelid contraction following optical stimu-
lation by strong electrical spark 10 cm away from a sub-
ject’s eye. Reaction times to optical stimuli ranged from
0,061 to 0,132 sec. for one subject. Zwaardemaker and
Lans (1900). examined reflex blinks following photic
stimulation (spark light), using Exner-Mayhew’s apparatus
for the registration of reflex contraction. Their contribution
to the research of refractory time in orbicularis oculi reflex
with “two sparks” is particularly interesting. They tried to
establish the shortest period between two sparks, allowing
for an independent reaction on each optical stimulus. Ac-
cording to their research, an interstimulus interval of four
seconds allowed separate eyelid blinks in 100% of the
cases.

McCarthy (1901) was the first to examine reflex eyelid
closure following the stimulation of nervus supraorbitalis.
His research proved that mechanical stimulation of su-
praorbital nerve was associated with the reactions of mus-
culus orbicularis oculi. His research introduced the term
“supraorbital reflex” into the literature. According to
McCarthy, reflex arc of this reaction involved nervus su-
praorbitalis, nervus trigeminus, nervus facialis and muscu-
lus orbicularis oculi.

Behterev (1901) used the term “eye reflex” (glazni re-
fleks) for identical contraction of the palpebra. He dis-
agreed with McCarthy’s idea that reflex contraction is elic-
ited exclusively by the stimulation of supraorbital region.
Behterev claimed that wide frontal and temporal regions
represent a reflexogenic zone. Using hammer and small
metal box close to the subject’s ear, Behterev (1905) pro-
duced strong acoustic stimulation and elicited reflex con-
traction of the palpebra. He named this reaction “acousti-
copalpebral” or “acousticofacial reflex”. According to
Behterev, this procedure may serve to discover the “simu-
lation” of deafness, and for a long time this reflex was con-
sidered very important in clinical examinations. Behterev
also tried to establish a connection between certain ana-
tomical structures in brain stem participating in reflex con-
tractions of musculus orbicularis folowing acoustic stimu-
lation.

Dittler and Garten (1918) report their very complex re-
search of reflex reactions in pigeons and humans. They
used photokymograph for the registration of eyelid move-
ments in their research of reflex reaction time on eye stimu-
lation by air puff and by touching of the cornea by a hair
fixed on electromagnet. They found approximately equal
reaction times of the eyelid following both of the stimuli,
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but this reaction time was significantly longer in humans
than in pigeons. Reaction time of the eyelid on air puff
stimulation was 0.038 sec. in humans, compared to the
time of 0.089 in pigeons, or to the time of 0.0099 sec. in pi-
geons when stimulated by a hair.

Subsequent authors tried to discover all areas whose
stimulation leads to reflex contraction of musculus orbicu-
laris oculi. Shimchowitz (1922) offered the term
“nasenaugenreflex” for the reflex contraction elicited by
the percussion of the top or root of the nose, while Galant
(1924) used the terms “corneal” or “conjunctival” reflex
for the reflex contraction of musculus orbicularis follow-
ing the stimulation of cornea or conjunctiva. Reflex blink-
ing elicited by a flash of light Galant (1925) labeled “opti-
cal blink reflex” (optische blinzelreflex). Imperatori (1930)
finds the stimulation of palate and various parts of the
throat to be accompanied by reflex contractions of palpe-
bra. According to Imperatori, afferent part of the reflex
arch of this reflex reaction involves V, VII, IX and XI cra-
nial nerve. Wartenberg (1930/1945) reports that mechani-
cal stimulation (weak strokes), applied in the area of gla-
bella, is the most effective source of blinking reflex. He
used the term “glabellar reflex” for the reflex eyelid blink-
ing following mechanical stimulation in this region. He
also described the possibility of eliciting the reflex contrac-
tions by weak strokes on the muscle itself. In his opinion,
stroke applied on the muscle itself causes the extention of
muscular fibers, which in turn leads to the reflex contrac-
tion. He termed thus elicited contraction “muscle-muscle
reflex”.

The established line of “eyelid reflexes”, having in
common the final act of the contraction of musculus or-
bicularis oculi regardless of the type and the area of stimu-
lation, inspired various authors to attempt the systematiza-
tion of palpebral reflexes. Various authors were giving new
labels to the already known reflexes, so the literature suf-
fered from conceptual confusion for a long time. For exam-
ple, Galant (1925) listed 16 reflexes in his paper, since
identical contraction could be produced in 16 different
ways. To resolve this chaotic situation in literature, War-
tenberg (1945) suggested unitary, physiologically correct
term “reflex orbicularis oculi”. His term emphasized the
essential feature of a number of “facial” reflexes, namely,
the orbicular muscle underlying all of them. This term re-
placed a long list of facial reflexes, mostly termed accord-
ing to the unique concepts of their “discoverers”.

The researh of reflex orbicular contraction included
various animal sorts as well. Aronowitch (1927) demon-
strates the reflex contractions of orbicularis in monkeys.
Observing reflex palpebral contractions in various ZOO
animals, Borowsky (1929) considers this reflex to be vital
and widespread in animal world. He labeled this reflex
“defense blinking reflex” (blinzelabwehrreflex). The exis-
tence of a sort of corneal reflex, reflected in the withdrawal
of the eyeball in orbit upon the stimulation of cornea, was
demonstrated even in Californian salamander (triturus to-
rosus), evolutionary very primitive animal (Weiss, 1942).
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It is reasonable to hypothesize that reflex closure of pal-
pebra, with underlying reflex contraction of musculus or-
bicularis oculi elicited by stimulation of various sensory re-
ceptors, has a great biotic value. As shown later, this reflex
reaction represents a segment of complex nociceptive
functions protecting the organism from intensive environ-
mental stimulation. Reflex contractions of musculus or-
bicularis oculi protect the eye from intensive, unexpected
environmental stimuli that could destroy its peripheral
parts. This muscle enables rapid and firm eye closure.

Spontaneous blinking can be caused by drying of cor-
nea as already mentioned. Such an action can be under-
stood as a kind of reflex activity which helps in maintain-
ing of thin tear film over cornea. There is a hypothesis that
“the eyelid would appear to be an adaptation to keep the
cornea moist in species spending a significant amount of
time out the water” ( Evinger, 1995).

It should be emphasized here that tonic elevation and
control of vertical position of the upper eyelid is subserved
by the musculus levator superioris palpebrae. This muscle
is situated in the roof of the orbit, just above musculus rec-
tus superior. It has fibers which are suitable for fatigue re-
sistent tonic activity such as tonically holding up the eye-
lid. It is innervated by the superior division of the oculomo-
tor nerve. The motoneurons of the two levator palpebrae
superioris are located in a single, unpaired central caudal
nucleus of the ocullomotor complex in the midbrain
(Averbuch-Heller, 1997). The motoneurons of both levator
palpebrae superioris within the central caudal nucleus are
completely intermingled and any modulation in activity of
the nucleus is bound to influence both levators. This muscle
is not present in birds and reptiles but only in mammals.
When musculus orbicularis oculi contracts itself (moto-
neurons produce high-frequeny burst of bioelectric activ-
ity), musculus levator palpebrae is synchronously inhibited
(motoneurons cease discharging). It means that during any
kind of a blink (contraction of the musculus orbicularis
oculi) the activity of musculus levator palpebrae is abruptly
inhibited. In that way eyelid system is a hybrid of the tonic
eye movement control system and phasic protective reflex
(Evinger, 1995). Fatigue and decrease of general activation
during sleep (even in REM phases) makes activity of mo-
tor units of musculus levator palpebrae inhibited. An in-
crease of general activity in the central nervous system
elicits activity in this muscle and elevation of the upper
eyelid (Kennard & Smyth, 1963).

As we know there are two phases during blinking. The
first phase is the closing, the other is opening . The velocity
of these phases is not equal. The closing phase or down-
ward movement of palpebrae is more rapid then phase of
moving up which is much slower. All neural mechanisms
which underlie the complex interactions above mentioned,
are not completely known as yet ( Schmidtke & Buttner-
Ennever, 1992).

Investigating reflex reactions on intense acoustic stim-
uli (a revolver shot close to the subject’s ear), Strauss
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(1929) described “a startle pattern”, referring to the reflex
contraction of complete skeletal musculature (zusammen-
schrecken), evoked by intense stimulation of cochlea.
Main features of this reflex are its speed (it appears in half
a second), symmetry, and presence in subjects of all ages.
Reflex reaction of orbicularis oculi is only a small segment
of general motorical reaction (diffuse cochleo-muscular re-
action) (Strauss, Landis & Hunt, 1938). According to Lan-
dis, Hunt, and Strauss (1939), reaction of musculus orbicu-
laris oculi is the most rapid and the most sensitive segment
in surprise reaction. Landis, Hunt and Strauss registered re-
flex contractions of the muscles following acoustic stimuli
using ultra fast film cameras whose exposition range varied
from 64 or 300 up to 3000 expositions in one second.

The analysis of these film shots offered an estimation
of the speed of muscular reactions to certain stimuli. How-
ever, the development of electronics and electromyog-
raphical registration of muscular contractions opened a
new era in the research on reflex reactions to sensory
stimulation. Bitterman (1945) was the first to develop an
adequate procedure for the registration of bioelectrical po-
tentials evoked in musculus orbicularis oculi. He placed an
active electrode below the eyebrow, centered between the
outer and the inner edge of the eye. The other electrode was
fixed on earlobe. Registered bioelectrical potentials were
channeled into an amplyfier connected to the ink printer.
Spontaneus eyelid blinks were thus registered on the mov-
ing paper tape. Davis (1948) published the first experiment
on motoric responses of skeletal musculature to intensive
acoustic stimulation using electromyographical registra-
tion of bioelectric muscular potentials. Davis presented
stimuli ranging in intensity from 100 to 103 db, with dura-
tion of 2 and 4 seconds, and frequency of 500 Hz. He fixed
active electrodes above the extensor muscles on the dorsal
part of the forearm. Amplified bioelectrical muscular po-
tentials were channelled to the cathode oscilloscope. Cath-
ode ray, i.e. its shifts on the screen of the oscilloscope, were
registered by film camera.

Subsequently, technological advancements enabled
numerous experiments using more sophisticated proce-
dures for the registration of bioelectrical muscular poten-
tials. The research of Kugelberg (1952), Cobb and Sears
(1957), Rushworth (1962), Shahani (1970), and Gogan
(1970) is particularly worth mentioning,.

Kugelberg (1952) investigated electromyographic re-
sponses of musculus orbicularis oculi to mechanical sti-
mulation of periorbital region, as well as electrical stimula-
tion of supraorbital nerve. The existence of the double re-
sponse upon stimulation by means of one stimulus was
demonstrated ( Figure 4). The first response was unilateral,
well-synchronised volley and with a stabile latency time
of 12 msec after the stimulus. The reaction had a duration
in a range of 5 to 10 msec. It was shown that this reaction

was transmitted through a simple monosynaptic reflex arc.
The afferent branch of this arc is the trigeminal nerve. The
second response is bilateral. It is a long lasting asynchro-
nous discharge (approximately 30 msec) with a variable la-
tency time in a range of 21 to 40 msec. The second response
has a multisynaptic reflex arc. This reflex arc comprises the
trigeminal nerv and part of the spinal marrow with a great
number of intermediate neurons. An increase in stimulus
intensity causes bilateral reactions with both components
of the reactions. The results of the stimulation were essen-
tially the same whether the glabella, the frontal bone, the
nose or the zygomatic had been stimulated. But the stimu-
lation of the conjuctival area produces the second response
only. Kugelberg demonstrated that the blink reflex pro-
duced by mechanical stimulation, rapidly decreases to ex-
tinction under anaesthesia.

After Kugelberg’s research, interest for the research on
blink reflex following mechanical stimulation decreased.
At the same time researchers started to investigate palpe-
bral reflex following photic and auditory stimulation. For
example, research of Cobb and Sears (1957), applying
photic (flash), auditory (click) stimuli and electromyog-
raphical registration of reflex responses, demonstrated sta-
ble differences in latency times of reflex responses of mus-
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Figure 4. Recordings of the EMG response of musculus orbicu-
laris oculi on mechanical stimulation of the supraorbital zone. D —
only the first response (unilateral). E and F — first (unilateral) and
second (bilateral) response (upper trace in each figure represents
a response of the left eyelid. while lower trace represents a re-
sponse of the right eyelid). Fig. E - reactions of the musculus or-
bicularis oculi to the stimulation of the right facial side. Fig. F —
reactions of the musculus orbicularis oculi to the stimulation of
the left facial side. (Modified after Kugelberg, 1952, p. 389).
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culus orbicularis oculi for the two types of stimulation. The
average latency time of reflex response to sound was sig-
nificantly shorter (Ms = 35 msec) than the average latency
time of reflex response to the very intense photic stimulus
producing minimal delay in electroretinogram (Mp = 45
msec).

Rusworth (1962) was the first to systematically apply
modern electronical devices in his research. Rushworth in-
vestigated latency times, duration and amplitudes of the re-
flex contraction of musculus orbicularis oculi in healthy
and sick subjects, presenting mechanical, electrical, acous-
tic and photic stimuli. He registered electromyogram using
precise coaxial needle-shaped electrodes placed in right
and left orbicularis oculi muscle. The comparative results
he obtained were considered a sort of parameters or stan-
dards for the practical evaluation of the level of damage of
acoustic, optical, facial and trigeminal nerve. The stimula-
tion of supraorbitalis produced double answer on homo-
lateral side and single response (second component) on the
opposite side. The comparison of latency times of first and
second component, when glabella and supraorbitalis were
stimulated, showed shorter latency times following the
stimulation of nervus supraorbitalis. Rushworth also dem-
onstrated the second answer to be influenced by habitua-
tion processes. He found that the stimulation of cornea re-
sulted in bilateral contraction of orbicularis. The range of
latency times of reflex contraction was between 25 and 40
msec, that is comparable to the range of latency times for
the second component of glabellar reflex.

As was already mentioned, Rushworth (1962) first ob-
served the phenomenon of habituation of the late compo-
nents of the blink reflex when mechanical stimulation was
applied to glabella. Struppler and Dobbelstein (1963) con-
firmed the phenomenon using electrically and mechani-
cally evoked blink reflexes. Later, Sanna, and Mesina
(1967) discovered the habituation threshold frequency.
They showed that progressive decrease of the late compo-
nent of the blink reflex appears when the blink reflexes are
repeatedly elicited by the rate at which intervals between
stimuli were below 4 seconds.

Gandiglio and Fra (1967) investigated facial and extra-
facial areas on which electrical stimulation produces reflex
contractions of orbicularis. Surprisingly, the reflex con-
tractions of palpebra were also elicited by the stimulation
of lateral cervical region as well as of wrist and elbow ar-
eas of nervus medianus.

Shahani (1970) used precise procedures to investigate
latency times of first and second component following the
stimulation of the left supraorbital nerve. His findings
could not prove the first component to be proprioceptive or
myotatic reflex, and the second to be nociceptive reflex. He
claimed that reflexes with longer central delay develop
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more rapid habituation compared to the reflexes with
shorter central delay.

In his research, Gogan (1970) attempted to make a syn-
thesis of previous research with his own research on the
impact of unexpected auditory stimuli (impulses of the
white noise) on motorical, vegetative and, EEG activation,
and to incorporate this research into existing neurophysio-
logical theories. Within this framework he also analyzed
reflex contractions of musculus orbicularis oculi following
the stimulation of various intensity levels, the development
of habituation, as well as the impact of these variables on
primary and secondary component of the reflex answer.

First research of bioelectrical potentials of skeletal
musculature elicited by acoustic stimulation of cochlea and
photic stimulation of retina was published in Croatia by
Ljubin and his collabolators (Ljubin & Licul, 1970, and
Ljubin, Ljubin, and Fatur, 1973). These authors suggested
the term “audiomotor reflex” for the muscular reaction on
auditory stimulation of defined intensity, duration, and fre-
quency. Similarly, the term “videomotor reflex” was sug-
gested for those muscular reactions evoked by stimulation
of the retina with photic stimuli of defined intensity, dura-
tion, and chromatic quality. In line with these suggestions,
reflex contraction of the palpebra could be termed audio-
motor reflex of the musculus orbicularis oculi when an
auditory stimulus was presented, or videomotor reflex of
the musculus orbicularis oculi when a photic stimulus was
presented.

Studies of electromyograms of the reflex responses of
musculus orbicularis oculi to auditory and photic stimuli
supported the existence of two responses originally ob-
served and termed primary and secondary reaction by Lan-
dis, Hunt and Strauss (1939). According to Strauss, pri-
mary reaction is influenced by a “state of consciousness”,
while secondary reaction is under the influence of “mental
states” and personality traits. Davis (1948) used terms “a”
and “b” answer for the similar reactions to auditory stimu-
lation. The latency time of an “a” answer was approxi-
mately 100 msec, while the latency time of a “b” answer
was difficult to determine. This answer reached the maxi-
mal amplitude one second after the presentation of audi-
tory stimulus. Gogan (1970) claims the existence of a pri-
mary (startle) component with latency time of 20 —40 msec
and secondary (orienting) component with the latency time
of 300 msec. According to Gogan (1970), primary compo-
nent is an immediate reflex answer inaffected by acquired
behavioral pattern. Late or secondary component would be
similar to “what is this?” reflex described by Pavlov
(1927/1960), or to “orienting reaction” of Voronin and
Sokolov (1960). The increase in intensity of an auditory
stimulus leads to the increase of the amplitude of the pri-
mary answer, while the amplitude od the secondary answer
remains unchanged. Repeated stimulation leads to rapid
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Figure 5. Electromyograms of the reflex contractions of muscu-
lus orbicularis oculi for the subject F.T.l., elicited by acoustic
stimuli (110 dB, | kHz, 100 ms). Electromyograms show primary
and secondary components of reflex contraction. Lower trace
marks the duration of acoustic stimuli of 100 ms. Recording con-
ditions: time of analysis (horizontal shift) 40 ms/DIV, sensitivity
(vertical shift) 200 pV/DIV

habituation and extinction of secondary component, while
the habituation and extinction of the primary component is
much slower (Figure 5).

It is important to point out that primary and secondary
components of the reflex contraction of musculus orbicu-
laris oculi elicited by photic or auditory stimulation should
not be identified with first and second response of muscu-
lus orbicularis oculi to electrical stimulation demonstrated
by Kugelberg (1952). Afferent parts of reflex arches and
reflex centres of these two reactions are different. Contem-
porary investigators tend to use the term “blink reflex” only
for reflex contractions of musculus orbicularis oculi elic-
ited by mechanical or electrical stimulation of certain re-
flexogenic zones. Frequently used term for the first, early,
or ipsilateral component of reflex arch is R1 response,
while second, later, or bilateral component is named R2 re-
sponse of blink reflex. Reflex contraction of musculus or-
bicularis oculi elicited by auditory and photic stimuli is fre-
quently termed startle reflex, in order to differentiate this
reaction from blink reflex. However, regardless of the pref-
erences for the terms blink or startle, each researcher
should precisely specify the area of the stimulus applica-
tion, as well as the type of stimulation used to elicit reflex
reaction of the musculus orbicularis oculi. Specification of
the type of stimulation reveals the potential reflex arch un-
derlying retlex contraction of musculus orbicularis oculi.

The accumulation of general knowledge about the re-
flex contractions of the palpebra was paralelled by research
investigating anatomical substrate underlying these reac-
tions. Johannes Muller (1844) provided first interpretations
of the possible anatomical substrate of reflex contractions
of musculus orbicularis oculi. According to Muller, intense

sound and bright illumination can elicit reflex excitation of
facial nerve, which in turn leads to the contraction of facial
musculature. This contraction is reflected mostly in eyelid
blinks. Forbes and Sherrington (1914) significantly con-
tributed to the initial explanation of the anatomical basis of
reflex muscular contractions elicited by auditory stimula-
tion of the cochlea. Bender (1943) and Weinstein and
Bender (1943) provided explanations for the reflex con-
tractions of musculus orbicularis oculi evo- ked by me-
chanical stimulation of the facial skin. Forbes and
Sherrington (1914), experimenting on decerebrated cat, in-
vestigated reflex reactions to auditory stimulation. These
authors performed the resection on the level of colliculus
anterior. They concluded that neural impulses were trans-
mitted from auditory nerve to posterior colliculus (collicu-
lus inferioris), then from its tegmental region by descen-
dent pathway to spinal cord. Electrical stimulation of this
pathway also elicits flexions of certain muscles. Using the
procedure of stimulation and destruction of neural tissue,
Bender (1943) and Weinstein and Bender (1943) tried to
identify the nerves involved in reflex contractions of the
musculus orbicularis oculi. Neural impulses from various
sensory nerves reach the core of facial nerve that inervates
musculus orbicularis oculi. These impulses converge in
brain stem. According to Bender and Weinstein (1943),
this convergence is responsible for the appearance of iden-
tical reflex contractions of musculus orbicularis oculi fol-
lowing various stimuli applied on various areas of the head.

Reflex contractions of musculus orbicularis oculi fol-
lowing auditory stimulation are probably due to neural ex-
citation spreading from cochlea through acoustic nerve
(VI cranial nerve) and through nucleus cochlearis to col-
liculus inferioris (colliculus caudalis) structure in mesen-
cephalon, being the primary acoustic reflex centre (Ascher,
1966, Buser et al. 1966, and Gogan, 1970). Neural excita-
tion further spreads from colliculus inferioris through re-
ticular nuclei of midbrain (nucleus giganto reticularis) and
tectobulbar pathway to the nuclei of cranial nerves. Neural
excitation from the motoric nucleus (nucleus originis nervi
facialis) passes through facial nerve to musculus orbicu-
laris oculi, eliciting contraction of this muscle reflected in
eyelid blinks. Neural excitation elicited in retina by photic
stimulation passes through optical nerve. A branch of this
nerve reaches colliculus superioris (colliculus rostralis),
primary reflex centre for visual stimulation. Neural excita-
tion is being transmitted from sensory neurons of colliculus
superioris to motor neurons of tectobulbar pathway. It
should be noted that neural excitation from both colliculi
spreads through nearly identical pathways to musculus or-
bicularis oculi, while different sensory pathways transmit
neural impulses from receptors to colliculus superioris and
colliculus inferioris.(Figure 6).Reticular nucleus giganto-
celularis is, according to Gogan (1970), probably the centre
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Figure 6. A scheme of the presumable anatomical substrate
underlying reflex contractions of the musculus orbicularis
oculi on light and acoustic stimuli.

of convergence of neural impulses from both colliculus su-
perioris and colliculus inferioris. Furthermore, Gogan
(1970) concludes that both startle and orienting reactions
are likely to be influenced by common structures in reticu-
lar formation. A controlled observation of the clinically
dead subjects revealed that blink reflex to sudden illumina-
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tion appears even in anoxic neocortical death, which im-
plies the absence od evoked cerebral potentials on illumi-
nation and “bioelectrical silence” on EEG (Keane, 1979).
This finding supports the observation that reflex arch un-
derlying reflex response photic stimulation does not ex-
ceed the level of brain stem.
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Verifications

Research on this topic from seventies to date can be di-
vided into few clusters. First cluster consists of research
applying new technologies and new procedures for the reg-
istration of reflex responses. These experiments attempted
to verify previous research findings obtained on both ani-
mals and humans, as well as their underlying hypotheses.
Trontelj and Trontelj (1978) thus demonstrate that the early
component of blink reflex is probably due to oligosynaptic
reflex arch, which is shorter than reflex arch involved in
second, late component. Berardelli (1985) compares the
features of reflex contractions of orbicularis oculi elicited
by mechanical stimulation of the cornea with those elicited
by electrical stimulation of the nervus supraorbitalis. La-
tency time as well as the duration of reflex response of cor-
neal reflex was longer than correspondent parameters of
the late bilateral component of blink reflex.

Response of musculus orbicularis oculi elicited by sti-
mulation of the cornea remains unchanged at the moment
of extinction of the second component of blink reflex dur-
ing habituation. This is additional physiological evidence
for different neuronal connections of the two reflex reac-
tions. Hammond et al. (1996) offered an explanation for the
functional role of the early (R1) component of the blink re-
flex. According to their interpretation, early component
initiates eyelid movements, while late, R2 component fa-
cilitates eyelid closure. Electrical stimulation of the infra-
or supraorbital nerve, eliciting R1 component of the reac-
tion, generates electrical fields dominantly on the contra-
lateral side of the head. These electrical fields can be regis-
tered by EEG techniques on the scalp (Leandri et al. 1994).
Jaaskelainen (1995) demonstrated that electric stimulation
of nervus mentalis elicits reflex closure of the eyelids. It is
known that nervus mentalis innervates the skin on the chin
and mucous part of the lower lip. The stimulation of nervus
mentalis elicits bilateral contraction of the eyelids with
long latency times. Miwa el al. (1998) stimulated supraor-
bitalis and nervus medianus, and demonstrated that blink
reflex elicited by electrical stimulation is due to the conver-
gence of neural excitation in the brain stem. A complex in-
teraction of the excitatory and inhibitory neural mecha-
nisms occurs prior to the redirection to the final pathway
leading to facial nucleus.

Ljubin et al (1986) offered a matematical and a graphic
model which links functions of the amplitude of the reflex
contraction of the musculus orbicularis oculi with the
strenght and duration of stimuli according to the law of en-
ergy.

Experiences from previous experiments and the appli-
cation of new computer systems in the past twenty years
led to the breakthrough in research on the effects of various
variables on the reflex contractions of musculus orbicu-

laris oculi. Elaborated procedures now enable even the less
experienced investigators to precisely register reflex re-
sponses of the musculus orbicularis oculi elicited by vari-
ous stimuli (Van Bokstel et al., 1998).

Facilitation and inhibition

A distinct group of studies investigated facilitatory and
inhibitory effects on the parameters of the reflex contrac-
tions of musculus orbicularis oculi. Krauter et al. (1973)
demonstrated that previous stimulation, although not elicit-
ing a reflex reaction itself, can have an inhibitory effect on
corneal reflex. Graham et al. (1975, 1977) investigated this
phenomenon in detail. They presented a prestimulus at 70
db intensity, lkHz frequency, and 20 msec of duration, and
an auditory stimulus, white noise at 105 dB intensity and
50 msec of duration, eliciting reflex contraction of eyelids.
They varied the time interval between the presentations of
prestimulus and stimulus and demonstrated that time inter-
val of 120 msec from prestimulus to the onset of intense
stimulus had the strongest inhibitory effects on the ampli-
tude of reflex response. Short intervals of 30 msec to 60
msec produced the strongest facilitation effect on latency
time of the reflex response. Marsh, Hoffman, and Stitt
(1976) investigated the effects of the monaural and binau-
ral prestimulation on the reflex blink elicited by an airpuft
directed into eye.

Prior to the presentation of the air flow stimulus, they
presented an auditory stimulus of 70 db intensity, 1 kHz
frequency and 20 msec of duration. Auditory stimulus was
presented 100 msec prior to the airpuff eliciting reflex con-
traction. Prior auditory stimulation reduced the amplitude
of the reflex contraction elicited by an airpuff. Monaural
prestimulation had stronger inhibitory effect on the ampli-
tude of reflex contraction compared to the binaural pres-
timulation.

Reiter & Ison (1977) investigated the effects of photic
and auditory prestimuli on the amplitude of reflex contrac-
tion of the eyelid. Reflex contraction was elicited by an
“impulse” of airpuft on the cornea. They varied the time in-
terval between prestimulation and stimulation eliciting re-
flex contraction. Fixed time interval of 100 msec had the
largest inhibitory effect on the amplitude of reflex re-
sponse. Furthermore, they found that, with fixed time inter-
val of 100 msec, the increase in prestimulus intensity had
direct effects on the amplitude of retlex contraction of or-
bicularis oculi evoked by an airpuff. These results were
verified in research using mechanical stimulation applied
on subject’s forehead in order to evoke glabellar reflex
(Ison & Pinckney, 1980; Stitt, Hoffinan & DeVido, 1980).

Hammond and his collabolators investigated time inte-
gration of the asynchronous stimuli eliciting blink reflex
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(Plant & Hammond, 1989; Hammond & Dennon, 1991).
They tried to investigate the effects of auditory stimulation,
following cutaneous stimulation, on the parameters of re-
flex response elicited by cutaneous stimulation. Electrical
stimulation of the supraorbital branch of nervus trigeminus
was followed by an interval of 1 to 8 msec prior to the pres-
entation of an auditory stimulus. The effect of subsequent
auditory stimulation on latency time and amplitude of R1
and R2 component of the reflex response was investigated.
Auditory stimulus, presented up to 6 milliseconds after the
cutaneous stimulus, had no effect on R1 component, while
at the same time the amplitude of R2 component increased
and its latency time decreased. This phenomenon was inde-
pendent of the interval of stimulus asynchrony, but de-
pended on the intensity of auditory stimulus. The presenta-
tion of second electrical stimulus following previous elec-
trical stimulus eliciting reflex contraction, given the same
conditions as in the stituation with auditory stimulation,
had an effect on R1 component, while R2 component re-
mained unaffected. Presenting asynchronous cutaneous
stimulation, Hammond and Plant (1993) verified the effect
of second electrical stimulus only on R1 component. The
effect of an auditory stimulus, following electrical stimulus
and facilitating only R2 component, is due to the summa-
tion of stimulus energy occuring in complex pathways in
brain stem. Auditory stimulus had no effect on R1 compo-
nent due to the fact that these pathways do not participate in
the processes creating R1 component.

Flaten and Blumenthal (1996) examined the effects of
auditory stimulation presented prior to, simultaneously
with, and after an airpuff stimulus eliciting reflex eyelid re-
action. Auditory stimulus presented simultaneously with
an airpuff evoked the facilitation of reflex answer. Audi-
tory stimulus of 95 dB elicited stronger facilitation of the
reflex answer compared to the weaker stimulus of 55 dB.
Flaten and Blumenthal (1998) investigate the effect of air-
puff stimulation applied on the temple area. They comment
that the application of an airpuff as tactile stimulus de-
mands reduction of the auditory component of airpuff.
Auditory component can produce methodological error in
determination of the true facilitating factor in reflex re-
sponse to the air “impulse”.

The research cited above demonstrates the influence of
preceding or subsequent stimulation on some parameters
of reflex contraction of musculus orbicularis oculi that are
due to complex neurophysiological interactions in brain
stem.

Attention

Studies of the role of attention in reflex response repre-
sent an important contribution to the research on the facili-
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tation and inhibition of reflex reaction. Instruction to the
subjects to direct their attention to stimulus eliciting reflex
response leads to the facilitation of reflex response and to
the deceleration of heart rate (Bohlin & Graham, 1977).
Selective attention on weak tactile stimulus presented prior
to or simultaneously with acoustic stimulus eliciting blink
reflex produces different outcomes. Simultaneous presen-
tation of tactile preparatory stimulus and acoustic stimulus
without instruction for selective attention does not reduce
the amplitude of reflex response. However, simultaneous
presentation of stimuli, accompanied by instruction evok-
ing selective attention to the tactile stimulus, reduces the
response amplitude (Silverstein et al., 1981). Hackley and
Graham (1983) systematically studied the effect of selec-
tive attention on blink reflex. They displayed acoustic and
tactile stimuli (airpuffs), and compared amplitudes and la-
tency times of the reflex response in two situations. One
experimental situation demanded selective attention to the
stimulus evoking reflex reaction, while in the other situa-
tion subjects responded to the stimulus evoking reflex re-
sponse of the musculus orbicularis oculi without selective
attention. Selective attention was evoked by instruction to
estimate duration of the stimulus eliciting reflex response
as well as duration of the stimulus not eliciting reflex re-
sponse. These two types of stimuli were introduced in
pairs. Situation with selective attention to the auditory
stimulus evoked reponses of greater amplitude and shorter
latency time compared to the situation without selective at-
tention. Although much weaker, this effect was also ob-
served in situations with cutaneous stimulus eliciting reflex
response. Hackley and Graham concluded that selective
modulation of the parameters of reflex response probably
occurred in the sensory branch of reflex arch.

Simons and Zelson (1985) presented visual material
with interesting (male and female nude models) and with
uninteresting content (home appliances). During the period
of visual fixation, subject received an auditory stimulus
eliciting reflex response of the eyelids. Subjects’ orienta-
tion to visual stimulation led to the significant inhibition
and to the prolonged latency time of the reflex response.
Bruno and Putnam (1985) studied the effects of attention
directed toward and away from the acoustic stimulus in
children and adults. Subjects were instructed to turn their
attention to vibrotactile stimulus during measurement of
reaction time, and thus were redirected from the acoustic
stimulus. These two groups of subjects showed somewhat
different types of attenuation of blink reflex. Adults
showed a decrease in the amplitude of reflex response to
the stimulus demanding motor reaction, while children
showed an increase in the amplitude of the same reflex re-
sponse. Anthony and Graham (1985) investigated the ef-
fect of attention on sensory —perceptual analysis in infants
and adults. Subjects were selectively directed to the certain
perceptual contents in visual and acoustic sensory modal-
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ity. Selective attention to the perceptual content of the sen-
sory modality identical to the modality of the presented
stimulus facilitated the reflex response. Facilitation was in-
dicated by the increase of the amplitude of reflex contrac-
tions in infants and by decreased latency times of the reflex
response in adults. Furthermore, facilitaion was more pro-
nounced with the presentation of more interesting stimuli.
Situations with the incompatible modalities of the percep-
tual content and subsequent sensory stimulation did not
elicit facilitation effect.

Haerich (1994) studied the effect of attention with emo-
tional engagement on blink reflex. Attention focused on
aversive stimulation produced facilitation of reflex re-
sponse. Lipp et al. (1998) investigated the effects of atten-
tion on the reflex eyelid response in conditional processes.
Facilitation of reflex answer was more pronounced when
conditioned stimuli precipitating aversive unconditioned
stimuli were presented compared to the situation when un-
conditioned stimuli was presented alone, regardless of the
modality used.

The research on the attentional effects on reflex charac-
teristics of the musculus orbicularis oculi demonstrates the
influence of superior neural structures on some fractions of
reflex arches participating in reflex reactions evoked by
various types of stimulation.

Habituation of reflex responses

Desmedt and Godaux (1976) published some of the ba-
sic findings on habituation kinectics in various polysinap-
tic pathways of brain stem. They report that stimulus pres-
entation in intervals shorter that 8 seconds evokes habitua-
tion of the second component of blink reflex. Rimpel et al.
(1982) compared processes of the habituation of blink re-
flex on acoustic, electrical, and photic stimuli presented
separately or in pairs. They find the habituation to increase
when paired stimuli were presented with time separation of
250 msec, and to decrease when this interval was 30 msec,
as compared to single stimuli of the same repetition rate.

Boelhouwer et al. (1982) studied the process of habitua-

tion of R1 and R2 responses of blink reflexes elicited by
electrical stimuli in the situation of mental task (binaural
choice task with one hand signalizing high-frequency tones
and the other hand signalizing low-frequency tones) and in
the rest phase. The same course of habituation was ob-
served for R1 component for both situations, while for R2
more rapid habituation was observed in the sitnation of
mental task, with increased arousal. Bolino et al. (1993)
compared decrements in the amplitude of reflex contrac-
tion following acoustic and electrical stimuli. Habituation
was shown to be independent of the type of stimulation and
of the experimental design. Electrical prestimulus de-

creases the amplitude and the latency time of R2 response.
These results support the hypothesized effects of central
mechanisms in sensory pathways.

A distinct group of studies pertains to the phenomenon
of habituation in pathological states of the organism.
Gregoric (1973) reports the evidence showing habituation
of R2 response of blink reflex being influenced by superior
brain structures. Subjects with dementia, diffuse cerebral
injuries, and Parkinson’s disease thus don’t show the ha-
bituation of reflex response. Studying habituation of blink
reflex elicited by mechanical, electrical, and visual stimuli,
Gandhavadi (1982, 1985, 1989) reports similar results for
mentally retarded. Geyer and Braff (1982) investigated the
habituation of reflex eyelid reponse (amplitude and latency
time) elicited by acoustic stimuli at 116 db in schizophrenic
patients and in normal subjects, and found the habituation
process to be different in two groups. Habituation of reflex
responses in schizophrenic patients was delayed and in-
complete. Geyer and Braff thus concluded that schizo-
phrenic patients had an abnormal habituation of defensive
responses to exteroceptive stimuli. They did not offer any
final explanations of these results.

Habituation processes emphasize the role of “central”
inhibition of neurophysiological processes in reflex arches
underlying reflex responses to the stimuli or, in other
words, the role of superior anatomical structures in reflex
activity on the brain stem level.

Arousal, emotions, and personality

Research conducted by 1970. provided basic informa-
tion on the eyelid reflex. Subsequent research thus concen-
trated on the relations between parameters of the reflex
eyelid blinks and complex states of the complete neural
system. For example, Ferrari and Messina (1972) studied
blink reflex during sleep and wakefulness. They utilized
needle-shaped coaxial electrodes for the registration of re-
flex activity of the musculus orbicularis oculi elicited by
electrical stimulation of the supraorbital nerve. Muscular
activity was registered in three situations: 1) during wake-
fulness; 2) during deep, synchronized or delta sleep, and 3)
during desynchronized or REM sleep. Characteristics of
the early or ipsilateral component as well as the late bilat-
eral component were depressed during synchronized sleep
- more marked for early component. Also, a threshold of
stimuli of early response was strongly increased during
synchronized sleep. During the REM phase all the parame-
ters of the reflex response to stimuli approached wakeful-
ness values.

Ljubin and Reichherzer (1976) examined the la-
tency time of the reflex contraction of the musculus orbicu-
laris oculi provoked by acoustic stimuli in a state of rest
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and in a state of fatigue in a group of shift workers after a
sleep deprivation. It was shown that the latency time was
shortened in the state of fatigue in comparison with the
same variable in the state of rest.

Boelhouwer and Brunia (1977) studied the effect of the
activation level on blink reflex. They registered electromy-
ogram of reflex contractions with surface electrodes. Re-
flex contractions were elicited by electrical stimulus ap-
plied on the supraorbital branch of nervus trigeminus.

Reflex reactions of the orbicularis were recorded dur-
ing rest phase and during experimental task requiring
lower and higher levels of nervous system activation. Am-
plitude of the early monosynaptic reflex response in-
creased in the situation of increased vigilance, while the
amplitude of later response showed a continuous decline
as a function of experiment duration. Latency time of the
early response was not modified by the experimental task,
while the latency time of late response increased as a func-
tion of experiment duration. According to Boelhouwer and
Brunia (1977), facilitation of the early answer is due to the
increased activity of reticular formation. Boelhouwer
{(1982) studied blink reflex in the three-second period be-
tween the presentations of a warning signal and the reac-
tion signal. One group of subjects had to react by pressing
the button with both hands, while the other group had to re-
act with voluntary eyelid blinks. Increase in the amplitude
of the early component of reflex response in first 300 ms
and the simultaneous inhibition of the second, polysinaptic
component was observed in both groups. Similar results
were reported by Boelhouwer et al. (1987). Presentation of
the warning signal increased the ipsilateral component,
while later, bilateral component was inhibited. Boelhou-
wer etal. (1991) studied R1 and R2 components elicited by
electrical stimuli presented shortly before, simultaneously
with, and shortly after the onset of weak warning acoustic
stimulus, and prior to the acoustic stimulus demanding mo-
tor reaction. Warning stimulus and reaction stimulus were
presented with an interstimulus interval of 3 seconds. The
amplitude of R1 component increased when R1 was elic-
ited by electrical stimulus 50 ms after the warning stimulus
onset. Bilateral component R2 was enhanced only when
electrical stimulus was presented before the warning
acoustic stimulus. Similar results were obtained in a some-
what different experimental situation, demanding volun-
tary blink reaction to acoustic stimulus (Boelhouwer et al,
1996).

Jancke et al. (1994) studied the effects of various levels
of previous, voluntarily maintained tonic preinnervation of
the musculus orbicularis oculi (i.e., 25%, 50%, 75%, and
100% of maximum voluntary activation) on R1 and R2
components of electrically evoked blink reflex. Subjects
had to contract their orbicularis oculi muscle, according to
instruction, with certain effort while the EMG responses
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were elicited by electrical stimulation. Amplitude of R1
component was increasing until the preinnervation level
reached 50% of the maximum value. Further increase of
the preinnervation level had no effects on the R1 compo-
nent. The amplitude of R2 component increased as a func-
tion of preinnervation level longer than R1 component. La-
tency times decreased only to the preinnervation level of
25% for both components .

Rossi et al. (1995) investigated the influence of com-
bined visual and acoustic prestimuli on blink reflex elicited
by subsequent stimulation of the supraorbital nerve. First
group of subjects received information about the onset of a
visual or acoustic warning prestimulus, while the second
group was not informed about prestimulus (i.e., prestimu-
lus had no warning value for this group). R1 component
was enhanced at an interstimulus interval of 0.1 sec in the
warned group with visual prestimulus preceding electrical
stimulus. At the same time, R2 component was reduced,
while R3 component was blocked. The increase in R1 com-
ponent with the simultaneous decrement in R2 and R3 was
observed for both types of prestimuli in the unwarned
group.

A number of researchers investigated the influence of
anxiety, fear, or expected stimulation of positive and nega-
tive emotional valence on the parameters of reflex re-
sponse. Hamm et al. (1991) studied the effects of preceding
visual stimulation on the contraction of orbicularis oculi
which were produced by acoustic stimuli. Visual stimuli
which varied in emotional valence and arousal, were previ-
ously conditioned by electro-shock stimulation. The am-
plitude of reflex response, compared to the baseline ampli-
tude prior to the conditioning process, increased with the
pleasantness level of visual stimulus that was reinforced by
an electric chock. Bradley et al. (1991) investigated the in-
fluence of the prior exposure to the pleasant, neutral, and
aversive visual material on blink reflex elicited by auditory
stimulation of left or right ear. When auditory stimulus
was presented to the left ear, the amplitude of reflex con-
tractions on aversive stimuli increased compared to the
situations with pleasant and neutral stimuli. On the other
hand, the amplitude of reflex contraction was not modu-
lated by presentation of the same visual material to the
right ear. According to Bradley et al. (1991), these results
suggest that emotional processes can modulate blink reflex
due to the lateralization of brain hemispheres. Grillon et
al. (1991) studied the effects of previously induced anxiety
on blink reflex elicited by auditory stimulation. In the first
experimental situation subjects did not receive an electrical
shock (a safe period), while in the second situation they an-
ticipated an electric shock. Reflex blink on auditory stimu-
lation in the situation of anticipated shock was of greater
amplitude and shorter latency time compared to the situa-
tion without an electric shock. Authors thus consider the
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utility of this procedure as an objective measure of anxiety
elicited by anticipated discomfort.

Findings of Hamm et al. (1997) provide further support
to the relation of the amplitude of reflex reaction elicited
by acoustic stimulus and state of fear evoked by fear-
eliciting objects. Cuthbert et al. (1996) report the increase
in reflex response to acoustic stimuli following the presen-
tation of pictures with aversive content. On the other hand,
subject’s reflex answer was reduced in the situation with
pictures of pleasant content. In the same study, Cuthbert et
al. (1996) paired contents evoking three arousal levels
(low, moderate, and high) with reflex eliciting stimulation.
Blink reflex of largest amplitude was observed in the situa-
tion with aversive content eliciting high arousal. The great-
est reduction of the reflex response amplitude was ob-
served in the situation with pleasant content evoking high
arousal. Similar results were reported by Schupp et al.
(1997). They compared parameters of blink reflex elicited
by acoustic stimuli and P3 component of evoked brain po-
tentials. Variability of the amplitude of reflex response de-
pended on pleasantness of the stimuli, while the variability
of P3 component of evoked brain potentials depended on
arousal.

Some researchers studied the effects of endogenous
arousal, as reflected in personality type, on the amplitude
of reflex response of musculus orbicularis oculi. Zelson
and Simon (1986) investigate relations of the personality
type, measered by Jenkins Activity Questionnaire, with the
amplitude of reflex response elicited by acoustic stimuli
during vigilance tasks. Reflex reactions of type A subjects
were more attenuated compared to reactions of type B
subjects. Degree of this attenuation was proportional to the
duration of vigilance task. Ljubin and Ljubin (1990) report
relations between extraversion, as measured by Eysenck’s
Personality Inventory, and the amplitude of reflex blink on
acoustic stimuli (audiomotor reflex). The average ampli-
tude of reflex response in introverts was larger than the one
in extraverts. According to the authors, these results are
due to the higher level of endogenous arousal in introverts.

Research cited above clearly demonstrates the effects
of general arousal on parameters of reflex contractions
elicited by various stimuli.

Pharmacology

Some researchers tried to determine the utility of reflex
contraction parameters as the indicators of the effects of
various substances on neurophysiological processes. For
example, Dupreyon (1973) studied the utility of reflex
blink in rabbitts as the possible index of the activity of a
certain substance in nervous system. The increase in re-
serpine level, at certain point leads to the inhibition of re-

flex reaction to the light stimulus. The intake of substances
having the opposite effect (antireserpine) can recover pre-
viously inhibited reflex activity. Ljubin et al. (1979) stud-
ied the effects of somatostatin, substance isolated from
sheep’s hypotalamus and known for its inhibitory effects
on the secretion of growth hormone, on reflex response of
musculus orbicularis oculi to acoustic stimuli. Somatosta-
tin had inhibitory effects on reflex reaction, reducing the
maximal amplitude and duration, and at the same time in-
creasing the latency time of reflex response. Ferracuti et al.
(1994) determined parameters of corneal and blink reflex
(R1 and R2) prior to and after the intake of piroxicam and
lysin acetylsalycilate - substances having analgetic and an-
tiinflammatory effects. Both substances reduced the ampli-
tude of corneal reflex for 20-30%, but had no effect on R1
and R2 components of blink reflex. The application of na-
loxane did not restore the initial values of the blink reflex
parameters.

Research dealing with the effects of pharmacologically
active substances on the parameters of the reaction of mus-
culus orbicularis oculi is still sparse. However, in our opin-
ion, future research of the reflex blink parameters will pro-
vide information on the dyndmics of psychoactive sub-
stances in nervous system.

Pathology

A distinct group of research pertains to the study of
blink reflex in pathological states of the nervous system.
These studies primarily have clinical relevance, as thus
collected data are useful source of information for clinical
and therapeutic purposes. However, the pathological or-
ganic states are a sort of “natural experiment”. Data col-
lected for diagnostic purposes can, therefore, enhance our
knowledge about reflex reactions of musculus orbicularis
oculi. Dehen et al. (1976) experimented with patients hav-
ing central facial paralysis caused by unilateral hemi-
spheric injury, and found bilateral changes of the blink re-
flex. Responses on hemiphlegic side of the head were re-
duced, while responses on the “normal” side were facili-
tated. Latency times of the R2 component on both sides re-
mained unchanged. Studying patients with senile demen-
tia, Tavy et al. (1986) find significantly longer latency
times of blink reflex elicited by light stimuli. Ljubin (1989)
stimulated the cochlea of hemiparetic children with acous-
tic stimulation, and registered the motor responses of mus-
culus tibialis anterior. He found the increase in excitability
of motor neurons in those children. Furthermore, he re-
ported the increase in latency times and reduction of the
amplitude of reflex response to acoustic stimuli in patients
with paresis of the nervus facialis. Cassachia et al. (1990)
demonstrated significant increase in latency time of R2
component of the blink reflex in schizophrenics compared
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to the control sample of normal subjects. They stated that
inhibitory reflexes were the result of the increased
dopaminergic-striatal impact on reflex activity. Hackley
and Johnson (1996) presented flash stimulation to the sub-
jects with scotoma of the visual field caused by occipital
lobe damages. Both early and late component were un-
changed following the stimulation of the scotoma regions
as well as the intact regions. These results support the role
of subcortical structures in the components of reflex con-
traction. Furthermore, later component was greater fol-
lowing the stimulation of temporal region of the visual
field compared to the same component elicited by stimula-
tion of the nasal region of the visual field.

The analysis of the characteristics of reflex responses is
particularly interesting in

the cases of posttraumatic stress disorder (PTSD). Or-
nitz and Pynoos (1989) compared startle responses elicited
by bursts of white noise in group of 8-13 years old children
with PTSD and in control group of children without trau-
matic experiences. They investigated inhibitory and facili-
tatory effects of the acoustic prestimulation on the modula-
tion of blink reflex characteristics. Children with PTSD
demonstrated a significant loss of the inhibitory modula-
tion of reflex response to the acoustic stimuli. According to
Ornitz and Pynoos (1989), long-lasting effects of the PTSD
cause certain dysfunctions in the brain stem.

The influence of PTSD was investigated in combat vet-
erans with traumatic experience from the Vietnam (Mor-
gan et al., 1995a, 1995b) and Gulf War (Morgan et al.,
1996). The average age of their subjects was 43 years.
They found evidence of greater amplitude of reflex re-
sponse elicited by acoustic stimulus in the groups of sub-
jects with PTSD than in control groups. Increase of the am-
plitude of reflex response was observed both in situations
with and without electric shock.

Morgan et al. (1995b) investigated the effects of yo-
himbine and saline placebo on the amplitude of startle re-
sponse in the group of veterans with PTSD and in control
group of combat veterans without PTSD. Yohimbine in-
creased the amplitude of acoustic startle reflex in the group
of combat veterans with PTSD, but had no effect on the
amplitude of the analogous response in control group of
combat veterans. These results imply a relationship be-
tween the symptomatology of PTSD, as expressed in the
characteristics of startle response, and noradrenergic func-
tions (Morgan et al., 1995b).

Morgan et al. (1996) compared reflex responses to the
acoustic stimuli in Gulf War veterans with PTSD, in group
of veterans without PTSD, and in normal subjects whose
average age was 24 years. Amplitude of the first startle re-
sponse was found to be greater in veterans with PTSD
compared to the other two groups. Authors conclude that
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the sensitisation of the fear/alarm response, influenced by
combat stress, increases the level of startle response.

This brief overview illustrates the interest of research-
ers in the application of reflexological methods for diag-
nostic purposes. A more detailed overview of numerous
studies in the field of pathology is beyond the scope of this
article. However, it should br noterd that, beyond their
clinical importance, the results of these studies substan-
tially contribute to the understanding of complex processes
and features of the reflex contractions of the musculus or-
bicularis oculi.

RESEARCH ON THE REFLEX CONTRACTIONS OF
THE MUSCULUS ORBICULARIS OCULI IN CROATIA

Our research on reflex contractions of the musculus or-
bicularis oculi following light and acoustic stimuli was
conducted using the apparatus assembled by Ljubin (1970,
1973). The apparatus provided recordings of the electro-
myogram of reflex contractions of musculus orbicularis
oculi to acoustic and light stimuli at the most appropriate
moment. Scheme of the apparatus for the registration of the
EMG of reflex contractions to acoustic stimuli is presented
in Figure 7. Three most important instruments are visible
on this figure: oscilloscope, electromyograph with memory
and tone generator. First, surface silver electrodes were
fixed on subject’s skin above the inferior right musculus
orbicularis oculi (pars inferior dextra) with an interspace of
2 cm. Ground electrode was fixed on subject’s right hand.
Subjects also received earphones for binaural stimulation.
Subject had to lay still in bed visually fixing a point in the
silent experimental room with weak light. Spontaneous,
continuous bioelectrical activity or, in other words, tension
of the musculus orbicularis was observed on the oscillo-
scope. At the moment of muscular relaxation following the
spontaneous blink (the moment of “bioelectrical silence”
on the oscilloscope), subjects received acoustic stimula-
tion. At the same time, automatically activated electromy-
ograph started registering a segment of continuous bioelec-
trical activity containing complete information about the
reflex blink: latency time, duration, and amplitude of reflex
contraction. Parameters of the electromyogram recording
were previously established and adjusted on the electromy-
ograph. EMG of the muscular response was “frozen” on
the screen of the electromyograph as a static picture. Polar-
oid camera, a part of the electromyograph, photographed
the electromyograph screen. The quality of the photograph
was controlled few minutes later. The content of the screen
was then erased, and the apparatus was ready for new re-
cordings of the electromyogram of the blink reflex on
acoustic stimuli. Electromyograph allowed the saving of
several electromyograms on various screen levels and thus
comparing the several consecutive responses.
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Figure 7. Block scheme of device for the registration of electro-
myographic reflex responses of musculus orbicularis oculi to (A)
acoustic and (B) light stimuli.

Tone generator allowed the variations in tone intensity,
duration, and frequency. Repeated stimuli were presented
with the S minutes interval. This procedure inhibited the ef-
fects of habituation and fatigue on some parameters of the
reflex response.

Similar procedure was used for the recording of the
electromyogram of reflex responses elicited by the stimu-
lation of retina with light. The source of intense light was
connected to the electromyograph via ultra fast phototran-
sistor. Tension of the musculus orbicularis and spontane-
ous blinks were followed on the oscilloscope screen. Pres-
entation of light stimulus, illuminating the subject, initiated
registration of the electromyographic response of muscu-
lus orbicularis oculi. Previous observation of the activity of
musculus orbicularis allowed the registration of the elec-
tromyogram of reflex response at the most appropriate mo-
ment. Varying sensitivity of the retina to light was the pos-
sible source of errors in the registration of the electromy-
ogram of reflex muscular contractions. Experiment has to
be done in acoustically and visually isolated room, with the

preceding 30 minutes of eye recuperation in darkness. Fur-
thermore, sensitivity of retina has to remain constant dur-
ing the course of the experiment. Intervals between con-
secutive stimuli in our experiment were 5 minutes. During
experimental period, subjects were constantly in a dark
room.

We tried to carry out a series of investigations using the
apparatus developed by Ljubin (1970, 1973). The aim of
this research was to establish the possible “signs” or corre-
spondences in parameters of the reflex reactions of muscu-
lus orbicularis for various independent variables. We had
in mind the following Sherrington’s thought: “But we have
first to remember that in dealing with reflexes even experi-
mentally we very usually deal with them as reactions for
which reflex-arc as a whole and without any separation into
constituent parts is laid under contribution. The reflex-arc
thus taken includes the receptor. 1t is assuredly as truly a
functional part of the arc as any other. But, for the analysis
of the arc’s conduction, it is obvious that by including the
receptor we are including a structure which, as its name im-
plies, adaptation has specialized for excitation of a kind
different from that obtaining for all the rest of arc. It is
therefore advantageous, as we have to include the receptor
in the reflex arc, to consider what characters its inclusion
probably grafts upon the functioning of the arc.” (Sherring-
ton, 1906/1948, pp. 9).

Ljubin and lbrahimpasi¢ (1977) tried to elicit reflex
contraction of musculus orbicularis oculi presenting a flash
of monochromatic light to the subjects with normal color
vision (Figure 8) and to the subjects with color vision
anomalies. In addition, authors tried to determine possible
effects chromatic quality of the stimuli on latency time of
reflex response. They presented chromatic stimuli of char-
acteristic wavelengths for blue (425 nm), green (522 nm),
red (685 nm), and white light (Figure 8). Both monochro-

L LD - | | i i

Figure 8. Electromyograms of the retlex contractions of muscu-
lus orbicularis oculi for the subject F.T.I. to the stimulation of ret-
ina with an intense flash of red light lasting 3 ms (50 cm from
subjest’s eyes). Recording condition: time of analysis 40 ms/DIV,
sensitivity 200 pV/DIV.
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Figure 9. Permeability characteristics of the filters for blue,
green, and red light. Abscisse — wavelenghts in nm. Ordinate —
percentage of the permeated monochromatic light for each wave-
length.

matic and polichromatic light elicit reflex contraction of
the musculus orbicularis oculi both in subjects with normal
color vision and in those with color vision anomaly. Small,
statistically nonsignificant differences in latency times can
be attributed to the small differences in intensity of the pre-
sented light stimuli (Figure 9). The shortest latency time
was observed for white light, followed by red light, and
then for the blue and green light having approximately
equal latency times.

The comparative analysis of latency times of reflex
contraction of musculus orbicularis oculi elicited by tone
and light tried to determine whether there are stable differ-
ences in these latency times, as well as the possible deter-
minants of these differences (Ibrahimpasi¢ & Ljubin,
1977). Authors presented acoustic stimuli whose intensity
was 110 dB, duration 100 msand frequency 1 kHz. White
light from the photographic flash served as a visual stimu-
lus, with intensity of approximately 6000 Ix and duration
of approximately 3 ms. The average latency times in our
subjects (N=14) were 46,1 ms for the reflex contractions
elicited by light, and 30,6 ms for the reflex contractions
elicited by acoustic stimulation. The obtained difference
was 15,5 ms. This difference is almost identical to the dif-
ference in estimated duration of refractory period for the
ear and eye (the shortest interval between two stimuli al-
lowing the occurrence of different sensations), determined
by Exner (Schaffer, 1900, str. 614). According to Exner,
refractory period is 0.017 sec for the eye, and 0.002 for the
ear, so the difference between the two values is 15 ms.

As it is known, the time needed for transduction of
physical energy into energy of neural impulses in cochlea
and the time needed for the same process in retina are not
equal. These two time periods are significantly different
when two measures of the duration of receptory processes
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for two sensory modalities are latency time of B-wave of
retinogram for the light stimulation (Johnson,1958), and
latency time of N1 component of action potential of audi-
tory nerve for acoustic stimulation (Yoshie et al. 1967). We
thus suggested a hypothesis that differences in latency
times of reflex contractions of musculus orbicularis oculi
elicited by the light and acoustic stimuli are almost entirely
due to the differences in duration of the processes of trans-
duction of physical energy into neural impulses energy in
retina and cochlea. This hypothesis is supported by the
findings about the difference between recyprocal values of
fusion frequency for the light and tone. The difference be-
tween reciprocal values of critical frequency of fusion for
the intense light (1/60 = 16.7 ms; Bartley, 1958), and in-
tense tone (1/1000 = 1 ms; Symmes et al., 1955) was found
to be equal to the differences between average values of the
latency times of reflex contractions of orbicularis on light
and sound.

In our investigation, we applied stimulus intensities
close to the upper limit of sensory continuum, providing
minimal latency times of reflex contractions. Ibrahimpasi¢
and Ljubin (1979) examined the relations between reflex
and cortically controlled (voluntary) contractions of mus-
culus orbicularis oculi using light and acoustic stimuli bal-
anced according to the absolute limen for light and sound.
Light intensity of 95 dB of light (Stevens, 1955) and tone
stimulus of 95 dB of sound were used to elicit retlex con-
tractions. Cortically controlled contractions were elicited
by stimulus intensities of 40 dB of light, or 40 dB of tone.
The stimulus intensities of 40 dB did not elicit reflex con-
tractions (Figure 10). The differences in latency times of
reflex contractions of musculus orbicularis oculi are simi-
lar to the differences in latency times obtained in previ-
ously cited study (Ibrahimpasi¢ & Ljubin, 1977), although
the stimulus intensities were of lower values compared to
the previous study. The average values of latency times of
reflex responses in our group of subjects (N = 8) are some-
what longer due to the fact that subjects received weaker
stimuli. The processes of transduction in receptors are
slower for weaker stimulation (M = 53,2 ms for light stim-
uli; M = 35,8 ms for acoustic stimuli; D = 17,4). The ob-
tained results for both reflex and cortically controlled con-
tractions can be interpreted within the hypothesis about the
differences in duration of the processes of transduction of
physical energy in neural impulses energy to retina and
cochlea. They are not attributable to the differences in
stimulus conduction processes in pathways involved in
neural transmission between receptors and effectors.

The role of receptory functions in latency time of reflex
responses to acoustic stimuli was further examined in the
study of the effects of acoustic stimulus duration on pa-
rameters of the reflex and cortically controlled contractions
of the musculus orbicularis oculi (Ibrahimpasi¢ & Ljubin,
1979). The intensity of tone stimulus was 95 dB, while the
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Figure 10. Electromyograms of the reflex (upper pictures) and cortically controlled contractions (lower pictures ) of the musculus orbicu-
laris oculi on acoustic (left pictures) and light (right pictures) stimuli for the subject Z.K. Recording conditions: for reflex contractions —
time of analysis 40 ms/DIV, sensitivity 100 mV; for cortically controlled contractions - time of analysis 100 ms/DIV, sensitivity

200 pV/DIV.

frequency was 1kHz. The tone duration was 1 ms, 3 ms, 10
ms, 30 ms, 60 ms, and 100 ms. Latency times for both re-
flex and cortically controlled contractions varied in a simi-
lar way, depending on the duration of acoustic stimulus
(Figure 11). The obtained equations of hyperbolic func-
tions had similar exponents. The exponent for latency
times of reflex contractions was n = - 0.043. The exponent
value for latency time of cortically controlled contraction
was n = - 0.035. Reduction in latency times of reflex and
cortically controlled reaction as a function of increased du-
ration of acoustic stimulus could be interpreted by the well
known law about the excitability of receptory organs. Ac-
cording to this law, the product of intensity and duration of
physical stimulus is constant ( I x T = C ). The increase in
duration of acoustic stimulus of constant intensity thus
leads to the increase in the amount or, in other words, in in-
tensity of physical stimulation innervating the receptors.

Ibrahimpasic¢ and Ljubin (1982) examined the relations
between physical stimulus intensity and the intensity of

Figure 11. Electromyogram of the reflex and cortically controlled
contraction of the musculus orbicularis oculi for the subject F.T.1.
elicited by acoustic stimulus (95 dB, | kHz, 60 ms). Subject had
to display the quickest possible “voluntarily” blink after presen-
tation of the acoustic stimulus. Recording conditions: time of
analysis 100 ms/DIV, sensitivity 200 pV/DIV.
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Figure 12. Relation between the latency time of the reflex contraction of musculus orbicu-
laris oculi (VLR) and the intensity of acoustic stimulus (I) — (lin-log system). Ordinate — la-
tency time of reflex response in milliseconds. Abscisse —the intensity of acoustic stimulus
in decibels (SPL). Measured and approximated values completely converge.
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Figure 13. Relation between peak to peak amplitude of the retlex contraction of musculus orbicularis oculi (ARK) and the intensity of
acoustic stimulus (1) for the two modes of determining the zero point of reflex response. Top pictures: ordinate — amplitude in microvolts.
Abscissa — intensity of the acoustic stimulus in decibels (SPL) (lin-log system). Bottom pictures: ordinate —amplitude of the reflex con-
traction in microvolts. Abscissa — the intensity of air pressure in microbars (lin-lin system). Full circles represent the measured values of
dependent variable. Empty circles are the approximated values of dependent variable obtained by the least squares method.
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neurophysiological reaction elicited by the stimulus. In
other words, authors tried to determine the shape of neuro-
physical function. The acoustic stimulus intensities were
60 db, 70 db, 80 db, 90 db, 100 db, and 110 db. Neuro-
physiological reaction was indicated by the maximal am-
plitude of reflex contraction of the musculus orbicularis oc

Data were analyzed by a least squares method (Lewis,
1960). Results of the study reveal a relation between in-
tensity of acoustic stimuli and maximal amplitude of elec-
tromyogram of reflex contraction of musculus orbicularis
oculi. This relation is adequately represented by a power
function with an exponent of » = 1,426 and with 60 db
taken as a zero point of the abscissa. However, if 65 db are
taken as a zero value, least square method yields a function
with an exponent of » = 1,03. With an exponent of n =1,
relation between the amplitude of reflex response and the
intensity of acoustic stimulus expressed in decibels (loga-
rithmic scale) can be approximated by a straight line.

The conversion of logarithmic values on the abscissa
into linear (ordinal) scale values of micro bar units pro-
duces functions of parabolic type. These functions have an
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exponent of n = 0,461 with a zero point of 0.2 microbars
(60 db), or n = 0,428 with a zero point of 0,356 microbars
(65 db) (Figure 13).

Ibrahimpa8i¢ (1981) studied the effects of selective at-
tention on the amplitude of reflex contraction of musculus
orbicularis oculi. Starting from the theory of centrifugal
inhibition (Hernandes-Peon, 1956, 1961), Ibrahimpa$i¢
tried to investigate the effects of selective attention to
acoustic and tactile stimuli on the maximal amplitude of re-
flex contraction of musculus orbicularis oculi elicited by a
short acoustic stimulus of defined intensity, duration and
frequency. Results showed that qualitatively different se-
lective attention could have an impact on the maximal am-
plitude of reflex contraction of musculus orbicularis oculi.
The level of excitation or inhibition, as reflected in the in-
crease or decrease of the maximal amplitude of reflex con-
traction, can be modulated by experimental design and in-
structions. Generally, maximal amplitude of the EMG of
reflex contraction is greater in the situation of selective at-
tention to acoustic stimuli compared to the situation of se-
lective attention to tactile stimuli (Figure 14). This finding

Figure 14. EMG’s of reflex contractions of musculus orbicularis oculi on acoustic stimuli for the various situations of selective attention
(for the subjects K.M. and F.T.1.): A —situation of selective attention to acoustic stimuli, T — situation of selective attention to tactile stim-
uli, O — situation without selective attention. Recording conditions: time of analysis 40 ms/DIV. sensitivity 200 uV/DIV.

71



IBRAHIMPASIC, Reflex eyelid blinks, Rewiev of Psychology, 1999, Vol. 6, No.1-2, 53-78

is probably due to the control of neurophysiological pro-
cesses in the sensory branch of the reflex arch involved in
reflex contractions on acoustic stimuli. This process of
control in the sensory branch is probably a result of central
descendent processes. Results of this experiment were sub-
sequently verified by several researchers.

A number of studies investigated the influence of phar-
macologically active substances on parameters of reflex
contraction of orbicularis oculi. Ibrahimpa$i¢, Ljubin, and
Markovic (1990) studied the effects of nootropic substance
of piracetam (2-oxo-pyrolidin acetamid) on electromyog-
raphic parameters of the reflex contractions of musculus
orbicularis oculi. Piracetam is a cyclic derivate of GABA -
neurotransmitter with inhibitory effect on CNS. In a double
blind experiment, authors tried to investigate the impact of
a nontoxic, nonadditive nootropic substance on reflex ac-
tion of musculus orbicularis oculi. Piracetam is known to
have a preferential action in bioenergetic metabolism of
brain cells, particularly those in cerebral cortex, facilitat-
ing conversion of the energy ADP in ATP of brain cells. In
the first experimental situation, electromyographic re-
sponses of musculus orbicularis were registered during an
interval between the peak concentration of the substance in
blood (70 minutes after oral intake) and the peak concen-
tration in brain cortex (120 minutes after oral intake). This
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experimental situation had to demonstrate the effects of pi-
racetam on simple transmission of neural excitation in re-
flex arch. Acoustic stimuli (105 dB of intensity, 100 ms of
duration, and 1kHz of frequency) were presented with an
interstimulus interval of 5 minutes. Second experimental
situation was designed to investigate effects of the habitua-
tion of reflex response 120 minutes after the intake of pi-
racetam. During this situation, acoustic stimuli were pre-
sented with an interstimulus interval of 10 seconds.

Piracetam did not demonstrate measurable effects on
several parameters (latency time, maximal amplitude, and
duration of reflex response) of the electromyogram of
musculus orbicularis oculi on acoustic stimuli when fre-
quency of stimulus presentation did not facilitate the pro-
cess of reflex response habituation. However, when the
frequency of presented stimuli favored habituation pro-
cess, piracetam had facilitatory effects on habituation pro-
cess. The facilitatory effect was reflected in decrease of the
maximal amplitude of reflex response following repeated
stimulus presentation. The process of habituation of the
maximal amplitude of reflex response was shown to be
more rapid with the intake of priracetam compared to the
placebo intake situation (Figures 15 and 16). A hypothesis
about the development of “neural model” (Sokolov, 1960)
during successive presentation of acoustic stimuli could
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Figure 15. Consecutive electromyograms of the reflex contractions of musculus orbicularis oculi (subject G.B.) to the acoustic stimuli
during development of the habituation process. Frequency of the acoustic stimuli: one stimulus in 10 seconds. Recording conditions: time

of analysis 40 ms/DIV, sensitivity 200 pV/DIV.
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Figure 16. Curves of the development of habituation process of
the maximal amplitude of reflex response (subject G.B.) to the
acoustic stimuli in two situations: in situation with the intake of
placebo (++++) and in the situation with piracetam (xxxx). Curves
are based on the calculated values of the amplitude of reflex re-
sponse using the least squares method. Minimum squares method
was applied on the measured values of maximal amplitude of the
reflex contraction. Ordinate — amplitude of the reflex contraction
in V (A). Abscissa — ordinal number of the stimulus (N).

serve as a possible explanation of the findings. In addition,
these findings could be mediated by the extinction of ori-
enting response due to the inhibitory processes from the
central structures. These influences are probably mani-
fested at the reticulary formation level.

Piracetam elevates the energetic level in cortical cells
and thus probably speeds up the processes of the develop-
ment of “neural model”. Piracetam also speeds up the cen-
tral descendent inhibitory effects on reticular formation.
Changes in the activity of reticular formation then lead to
the decrease in the amplitude of reflex response. In other
words, the presence of piracetam in metabolysm of the cor-
tical brain cells speeds up the elementary learning pro-
cesses in neural system, reflected in the more powerful ha-
bituation of the reflex response on consecutive acoustic
stimuli. However, this hypothesis has still to be verified by
future research.

CONCLUSION

Studies of the reflex response of musculus orbicularis
oculi clearly demonstrate that the evidence about the activ-
ity of a small muscle can provide a valuable information
about the activity of nervous system underlying functions
* of the sensory organs and the complex psychological pro-
cesses such as attention and learning. Even with the scant
laboratory equipment, research following strict methodo-

logical rules can provide valuable results. For all of us ad-
hering to the well-known saying of Johannes Mulier:
“Nemo psychologus nisi physiologus™ (Brown, 1976, pp.
87), research of simple reflexes can provide an opportunity
to study and test various theories about complex psycho-
logical processes.

REFERENCES

ANTHONY, B.J., & GRAHAM, F K. (1985). Blink reflex
modification by selective attention: Evidence for the
modulation of “automatic” processing. Biological
Psychology, 21,43-59.

ARERBUCH-HELLER, L. (1997). Neurology of the
eyelids. Current Opinion in Ophthalmology, 8,27-34.

ARONOWITCH, G. D. (1927). Reflexes in apes. Journal
of Nervous and Mental Diseases, 65, 457-464.

ASCHER, P., & GACHELIN, C. (1967). Role du collicu-
lus superieur dans I’elaboration de responses motrices
a des stimulations visuelles. Brain Researches, 3
327-342.

BARTLEY, S. (1958). Principles of perception. New
York: Harper.

BEHTEREV,V. M. (1901). O glaznom reflekse [About the
eyereflex]. Obozrenie Psihiatrii Nevrologii i Eksperi-
mentalnoe Psihologii, 11, 801-804.

BEHTEREV, V.M. (1905). Ob osobom sluhovom ili akus-
tiko—palpebralnom reflekse [About the acoustic- pal-
pebral reflex).Obozrenie Psihiatrii Nevrologii Ek-
sperimentalnoe Psihologii, 1, 86-88.

BENDER, M. B. (1943). Eyelid closure reaction. Archive
of Ophtalmology, 29, 435-440.

BERARDELY, A. (1985). The corneal reflex and R2 com-
ponent of the blink reflex. Neurology, 35, 797-801.

BITTERMAN, M.E. (1945). Electromyographic record-
ing of eyelid movements. American Journal of Psy-
chology, 58, 112-113.

BOELHOUWER, A. J.W., GREGORIC, M., BOSCH, W.
E.J.,, SCHOMAKER, L. R. B., & BRUNIA, C. H. M.
(1982). Habituation of the human blink reflex: The ef-
fect of stimulus frequency and the state of arousal.
Physiological Psychology, 10, 323-330.

BOELHOUWER, A.J. W. (1982). Blink reflex and prepa-
ration. Biological Psychology, 14, 277-285.

BOELHOUWER, A.J. W.,BRUGGEMANS, E., & BRU-
NIA, C. H. (1987). Blink reflex magnitude during the

»

73



IBRAHIMPASIC, Reflex eyelid blinks, Rewiev of Psychology, 1999, Vol. 6, No.1-2, 53-78

foreperiod of a warned reaction time task: Effect of
precueing. Psychophysiology, 24, 625-631.

BOELHOUWER, A. J.,, TEURLINGS, R. ], & BRU-
NIA,C.H. (1991). The effect of an acoustic warning
stimulus upon the electrically elicited blink reflex in
humans. Psychophysiology, 28, 133-139.

BOELHOUWER, A.J.W., SCHEIRS,J. G. M., & BLU-
MENTHAL, T.D. (1996). The effect of response pre-
paration upon the early component of the human blink
reflex. Journal of Psychophysiology, 10, 61-69.

BOHLIN, G., & GRAHAM, F. K. (1977). Cardiac decel-
eration and reflex blink facilitation. Psychophysiol-
ogy, 14, 423-430.

BOLINO, F., di-MICHELE, V. MANNA, V, & di-CO-
CCO, L. (1993). Acoustic and electrically elicited
startle reaction: Similar patterns of habituation and re-
flex modifications in humans. International Journal
of Neuroscience, 73, 13-21.

BRADLEY, M. M., CUTHBERT, B. N., & LANG, P. J.
(1991). Startle and emotion: Lateral acoustic probes
and bilateral reflex. Psychophysiology, 28, 285-295.

BROWN, H. (1976). Brain and behavior. London: Oxford
University Press.

BRUNO, B. J,, & PUTNAM, L. E. (1985). Cardiac and
blink reflex concomitants of attntional selectivity: A
comparison of adult and young children. Psycho-
physioogy, 22, 508-516.

BUSER, P., St. LAURENT, J., & MENINI, C. (1966). Par-
ticipation du colliculus inferieur dans I’elaboration et
le controle cortical specifique cloniques au son chez le
chat sous chloralose [Participation of the colliculus
inferioris in elaboration and the controle of cortical
specific myoclonus in an anaesthetized cat]. Experi-
mental Brain Researches, 1, 102-126.

CASACCHIA, M., BOLINO, F., PACITTI, F, MAR-
RELLI, A. (1990). Abnormalities of blink reflex in
schizophrenia: A preliminary report. New Trends. Ex-
perimental and Clinical Psychiatry, 6, 23-217.

COBB, W. A, & SEARS, T. A. (1957). The blink reflex
and its possible relationship to the photomyoclonic re-
sponse in man, Electroencephalography and Clinical
Neurophysiology, 9, 373-374.

COLLINS, W. E. (1962). Effects of mental set upon vesti-
bular nystagmus. Journal of Experimental Psychol-
ogy, 63, 191-197.

CUTHBERT, B. N., BRADLEY, M. M., & LANG, P. J.
(1966). Probing picture perception: activation and
emotion. Psychophysiology 33, 103-111.

74

DAVIS, R.C. (1948). Motor effects of strong auditory
stimuli. Journal of Experimental Psychology, 38,
257-275.

DARWIN, C. (1974). The expression of the emotions in
man and animals. Chicago and London: Chicago Uni-
versity Press.

DEHEN, H., WILLER, J.C., BATHIEN, N., & CAM-
BIER, J. (1976). Blink reflex in meniplegia. Electro-
encephalography and Clinical Neurophysiology, 40,
393-400.

DESMEDT, LE., & GODAUX, E. (1976). Habituation of
exteroceptive suppression and exteroceptive reflexes

in man as influenced by voluntary contraction. Brain
Research, 106, 21-29.

DITTLER, R., & GARTEN, S. (1918). Zur kenntnis der
zeitwertr einiger reflexe bei vogeln nach versuchen an
tauven tauben [Information about a reflex in birds
after experiments in pigeons). Zeitschrift fur Biolo-
gie, 68, 499-532.

DUPEYRON, J.P. (1973). Evaluation of central antire-
serpine effect by the use of light blink reflex. Psycho-
pharmacology, 33, 87-94.

EXNER, S. (1874). Experimentelle untersuchung der ein-
fachsten psychische processe, (zweite Abhandlung):
Uber reflexzeit und ruckenmarksleitung [An experi-
mental investigation of the simple psychological
processes (The second paper) About reflex time and
the spinal marrow]. Pflugers Archiv, 8, 526-537.

EVINGER,C. (1995). A brain stem reflex in the blink of
aneye. News in physiological sciences, 10, 147-153.

FERRACUT], S., LEARDI, M .G., GRUCCU, G., & FABBRI,
A. (1994). Analgesic-antiinflammatory drugs inhibit
orbicularis oculi reflexes in humans via a central
mode action. Progress in NeuroPsychopharmacology
and Biological Psychiatry, 18, 101-113.

FERRARILE., & MESSINA, C. (1972). Blink reflexes dur-
ing sleep and wakefulness in man. Electroencephalo-
graphy and Clinical Neurophysiology, 32, 55-62.

FLATEN, M. A,, & BLUMENTHAL, T. D. (1996). Ef-
fects of positive and negative stimulus onset asyn-
chronies between weak stimuli and blink reflex elicit-
ing stimuli. Journal of Psychophysiology, 10, 189-
197.

FLATEN, M. A, & BLUMENTHAL, T. D. (1998). A
parametric study of the separate contributions of the
tactile and acoustic components of airpuffs to the
blink reflex. Biological Psychology, 48,227-234.



IBRAHIMPASIC, Reflex eyelid blinks, Rewiev of Psychology, 1999, Vol. 6, No.1-2, 53-78

FORBES, A., & SHERRINGTON, C. (1914). Acoustic re-
flexes in decerebrate cat. American Journal of Physi-
ology, 35,367-375.

GALANT, J. S. (1924). Die Lidreflexe [The eyelid reflex].
Archiv fiir Kinderheilkunde, 74,130-135.

GALANT, J.S. (1925). Die blinzelreflexe und einige an-
dere lidphanomenelidphanomene [The eyelid reflex
and other eyelid phenomena). Archiv fr Kinderheil-
kunde, 75, 37-39.

GANDHAVADI, B. (1982). Glabellar reflex habituation
in mentally retarded adults. Journal of Mental Defi-
ciency Research, 26,271-278.

GANDHAVADI, B. (1985). Electric blink reflex habitua-
tion in mentally retarded adults. Journal of Mental
Deficiency Research, 29, 49-54.

GANDHAVADI, B, & MELVIN, J. L. (1989). Habitua-
tion of optically evoked blink reflex in mentally re-
tarded adults. Journal of Mental Deficiency Research,
33,1-11.

GARTEN, S. (1898). Zur kenntnis des zeitlichen ablaufes
der lidschlagelidschlage[ Information about tempo-
rary flow of the eyeblink]. Pflugers Archiv fur Phy-
sioogie, 71,477-491.

GEYER, M.A,, & BRAFF, D.L. (1982). Habituation of the
blink reflex in normals and schizophrenic patients.
Psychophysiology, 19, 1-6.

GOBERT, J. G. (1977). Piracetam-Pharmacokinetics and
Biochemistry — Symposium on Nootropil. Praha,

GOGAN, P. (1970). The startle and orienting reactions in
man: A study of their characteristics and habituation.
Brain Research, 18, 117-135.

GRAHAM, FK., PUTNAM, LE. & LEAVITT,L.A.
(1975). Lead-stimulation effects on human cardiac
orienting an blink reflexes. Journal of Experimental

Psychology-Human Perception and Performance,
104, 161-169.

GRAHAM, F. K., & MURRAY, G.M. (1977). Discordant
effects of weak prestimulation on magnitude and la-
tency of the reflex blink. Physiological Psychology, 5,
108-114.

GREGORIC, M. (1973). Cerebral interneuronal system.
Neuropsihijatrija, 21, 205-210.

GRILLON, C., AMELI, R.,, WOODS, SW, &
MERIKANGAS, K. (1991). Fear potentiated startle
in humans: Effects of anticipatory anxiety on the
acoustic blink reflex. Psychophysiology, 28, 588-595.

HACKLEY, S. A, & GRAHAM, F. K. (1983). Early se-
lective attention effects on cutaneous and acoustic
blink reflexes. Physiological Psychology, 11, 235-
242.

HACKLEY, S. A, & JOHNSON, L. N. (1996). Distinkt
early and late subcomponents of the photic blink re-
flexes: response characteristics in patients with retro-
geniculate lesions. Psychophysiology, 33, 239-251.

HAERICH, P. (1994). Startle reflex modification: Effects
of attention vary with emotional valence. Psychologi-
cal Science, 5,407-410.

HALL, A. (1945). The origin and purposes of blinking.
British Journal of Ophthalmology, 25, 445-467.

HAMM, A. O., GREEENWALD, M. K., BRADLEY, M.
M., & CUTHBET, B.N. (1991). The fear potentiated
startle effect; blink reflex modulation as a result of
classical aversive conditioning. /ntegrative Physiol-
ogy and Behavioral Science, 26,119-126.

HAMM, A.O., CUTHBERT, B.N., GLOBISCH, J., &
VAITL, D. (1997). Fear and the startle reflex: Blink
modulation and autonomic response pattern in animal
and mutilation fearful subjects. Psychophysiology,
34,97-107.

HAMMOND, G, THOMPSON, T., PROFFITT, T., &
DRISCOLL, P. (1996). Functional significance of the
early component of the human blink reflex. Behav-
Ioral Neuroscience, 110, 7-12.

HAMMOND, G.R., & DENNON, S. (1991). Temporal in-
tegration in the early and late components of the hu-
man blink reflex. Psychobiology, 19, 180-186.

HAMMOND, G. R., & PLSNT, Y. (1993). Augmentation
of the early component of the human blink reflex with

closely spaced stimulus pairs. Psychobiology, 21,
69-76.

HAMMOND, G. R., DRISCOLL, P., & ROWLEY, K.
(1997). Temporal integration in the late component of
the human blink reflex. Psychobiology, 25, 59-65.

HERNANDES-PEON, R., SCHERER, H., & JOUVET,
M. (1956). Modification of electrical activity in coch-
lear nucleus during “attention” in unanaesthetized
cats. Science, 123, 331-332.

HERNANDES-PEON, R. (1961). Reticular mechanisms
of sensory control. In Rosenblith, W.A (Ed). Sensory
communications (pp. 497-520). Cambridge: MIT
Press.

HOFFMAN, H.S., & ISON, J.R. (1980). Reflex modifica-
tion in the domain startle: Some empirical findings
and their implications for how the nervous system

75



IBRAHIMPASIC, Reflex eyelid blinks, Rewiev of Psychology, 1999, Vol. 6, No.1-2, 53-78

processes sensory input. Psychological Review, 87,
175-189.

HOLLAND, MK., & TARLOW, G. (1972). Blinking and
mental load. Psychological Reports, 31, 119-127.

IBRAHIMPASIC, F., & LJUBIN, C.(1977). Kompara-
tivna analiza videomotornog i audiomotornog reflek-
sa [A comparative analysis of videomotor and audio-
motor reflexes]. Anali klinicke bolnice "Dr. M. Sto-
Jjanovi¢”, 16, 101-111.

IBRAHIMPASIC, F., LJUBIN, C., & VUJEVIC, D. (1978).
Measurement of light flash intensity. JUREMA Pro-
ceedings, 23,217-219.

IBRAHIMPASIC, F., & LJUBIN, C. (1979). Odnos iz-
medu refleksnih i kortikalno kontroliranih kontrak-
cija musculus orbicularis oculi [Relationship be-
tween the reflex and cortocally controled contractions
of the musculus orbicularis oculi]. 111 kongres ljekara
za fizikalnu medicinu i rehabilitaciju, Zbornik radova,
Sarajevo, 502-509.

IBRAHIMPASIC, F., & LJUBIN, C. (1982). Utjecaj tra-
janja zvuénog podraZaja na karakteristike refleksnih i
kortikalno kontroliranih kontrakcija musculus orbicu-
laris oculi [Influence of the duration of acoustic stim-
uli on characteristics of reflex and cortically con-
troled contractions of the musculus orbicularic oculi].
Zdravstvo, 24, 64-97.

IBRAHIMPASIC, F., & LIUBIN, C. (1982). Utjecaj inten-
ziteta zvuénog podraZaja na elektromiografske karak-
teristike refleksnih kontrakcija musculus orbicularis
oculi [Influence of the intensity of sound stimuli on
the electromyographic characteristics of reflex con-
tractions of the orbicular muscle of the eye]l. Anali
klinicke bolnnice ”Dr.M.Stojanovi¢”, 21, 138-147.

IBRAHIMPASIC, F. (1982). Utjecaj selektivne usmjere-
nosti na amplitudu elektromiograma refleksne kon-
trakcije musculus orbicularis oculi [Effect of selective
direction upon the electromyogram amplitude of the
reflex contraction of musculus orbicularis oculi]. Re-
vija za psihologiju, 12, 39-49.

IBRAHIMPASIC, F., LJUBIN, C., & MARKOVIC, Z.
(1990). Utjecaj piracetama na elektromiografske ka-
rakteristike refleksnih kontrakcija musculus orbicu-
laris oculi [Influence of piracetam on electromyog-
raphic characteristics of reflex contractions of the
musculus orbicularis oculi]. Anali klinicke bolnnice
"Dr.M.Stojanovi¢”, 29, 3-13

IMPERATORI, C. (1930). The palatal palpebral reflex.
Medical Journal and Record, 198, 131.

76

ISON, J.R., & PINCKNEY, L. (1980). Reflex modulation
in humans by monoural and binaural auditory stimu-
lation. Bulletin of Psychonomic Society, 15,285-287.

JAASKELAINEN, S. K. (1995). Blink reflex stimulation
of mental nerve: Methodology, reference values and
some clinical vignettes. Acta Neurologica Scandi-
navica, 91, 477-482.

JANCKE, L., BAUER, A., & Von GIESEN, H. J. (1994)..
Modulation of the electrically evoked blink reflex by
different levels of tonic preinervation of the orbicu-
laris oculi muscle. International Journal of Neurosci-
ence, 78,215-222,

JOHNSON, E.P. (1958). The character of the B-wave in
the human electroretinogram. AMA Archive of Oph-
thalmology, 60, 565-591.

KARSON, C.N. (1983). Spontaneous eye-blink rates and
dopaminergic system. Brain, 106, 643-653.

KATZ, R. (1895). Ueber das blinzeln, als maasstab fur die
ermudung des auges. Klinische Monatsblat fiir
Augenheilkunde, 33, 154-157.

KEANE, J. R. (1979). Blinking to sudden illumination: A
brain stem reflex present in neocortical death. Ar-
chives of Neurology, 36, 52-53.

KENNARD,D.W., & SMYTH, G.L. (1963). Interaction of
mechanisms causing eye and eyelid movement. Na-
ture, 197, 50-52.

KRAUTER, E. E., LEONARD, D.W., & ISON, J. R. (1973).
Inhibition of eye blink by brief acoustic stimulus.

Journal of Comparative and Physiological Psychol-
ogy, 84, 246-251.

KUGELBERG, E. (1952). Facial reflexes. Brain, 76, 385-
396.

LANDIS, C.,HUNT, W. A, & STRAUSS, H. (1939).The
startle pattern. New York: Farrar and Reinhart.

LANS, L. J. (1902). Le clignement normal [Normal
blinking]. Onderz. La. Reeks, 3, 306-321.

LEANDRI, M., SCHIZZ], R., & FAVELE, E. (1994).
Blink reflex far fields mimicking putative cortical tri-
geminal evoked potentials. Electroenccephalography
and Clinical Neurophysiology, 93, 240-242.

LEWIS, D. (1960). Quantitative methods in Psychology.
New York: McGraw-Hill.

LIPP,O. V., SIDDLE, D. A, & DALL, P. J. (1998). Ef-
fects of stimulus modality and task condition on blink
startle modification and on electrodermal responses.
Psychophysiology, 35, 452-461.



IBRAHIMPASIC, Reflex eyelid blinks, Rewiev of Psychology, 1999, Vol. 6, No.1, 53-78

LJUBIN, C., & LICUL, F. (1970). Audiomotorni reflek-
sogram-objektivna metoda testiranja sluha [Audio-
motor reflexogram: an objective method of audibility
testing]. Elektrofiziologija, 2, 51-54.

LJUBIN, C., LJUBIN, N., & FATUR, Z. (1973). Ispiti-
vanje videomotornog refleksa posebnom elektro-
ni¢kom aparaturom [Investigation of videomotor re-
flex with special electronic equipment). Anali klinicke
bolnice "Dr.M.Stojanovi¢”, 12,272-278.

LIJUBIN, C. (1975). Ispitivanje audiomotornog refleksa
posebnom elektroni¢nom aparaturom| Investigation
of audiomotor reflex with special electronic equip-
ment]. Elektrofiziologija, 4,20-25.

LJUBIN,C., & REICHHERZER, K. (1976). Ispitivanje
sredi$njeg Ziv&anog sustava pomocu audiomotornog
refleksa u stanju odmorenosti i umora [Examination
of the central nervous system by means of the audio-
motor reflex in a state of rest and fatigue]. Anali
klinicke bolnice “Dr.M.Stojanovié”, 15, 69-82.

LJUBIN, C., & IBRAHIMPASIC, F. (1977). Utjecaj kval-
itete svjetlosnog podraZaja na latenciju videomotor-
nog refleksa [Influence of the quality of light stimula-
tion on the latency of videomotor reflex]. Anali
klinicke bolnice” Dr.M.Stojanovi¢”, 16, 24-33.

LJUBIN, C., MARCIC, A., & EFENDIC, S. (1979). Pilot-
ska istraZivanja utjecaja somatostatina na audiomo-
torni refleks m.orbicularis oculi[ A pilot research of
the influence of somatostatine upon audiomotor re-
flex of the musculus orbicularis oculi]. Anali klinicke
bolnice "Dr.M.Stojanovié¢”, 18, 49-54.

LJUBIN,C., KNESAUREK, K., & LJUBIN, T. (1986).
Mathematical and graphic model of the audiomotor
reflex of the musculus orbicularis oculi and the law of
energy. Electromyography and clinical Neurophysi-
ology, 26, 229-240.

LJUBIN, C. (1989). Vrijednost audiomotornog refleksa u
dijagnosticiranju centralnih i perifernih ostecenja Ziv-
¢anog sustava [Value of the audiomotor reflex in a di-
agnostic of the central and peripheral damages of the
nervous syste]. Anali klinicke bolnice” Dr. M.Stojano-
vié”, 28, 115-129.

LJUBIN, T., & LJUBIN, C. (1990). Extraversion and audi-
omotor reflex. Personalitiy and Individual Differen-
ces, 11,977-984.

MAYCHEW. D. P. (1897). On the time of reflex winking.
Journal of Experimental Medicine, 2, 35-47.

McCARTHY, D. J. (1901). Der supraorbital reflex, ein
neuer reflex in gebiete des V. und VII nervenpares
nervenpares [ The supraorbital reflex — a new reflex in

the area of the 5™ and 7" nervpairs). Neurologische
Zentralblatt, 20, 800-803.

MIWA, H., NOHARA, C., HOTTA, M,, SHIMO, Y., &
AMEMIYA, K. (1998). Somatosensory-evoked blink
response: Investigation of the physiological mecha-
nism. Brain, 121,281-291.

MORGAN, C. A., GRILLON, C., SOUTWICK, S. M.,
DAVIS, M, et al. (1995a). Fear potentiated startle in
posttraumatic stress disorder. Biological Psychiatry,
36,378-385.

MORGAN, C. A., GRILLON, C., SOUTWICK, S. M,
NAGY, L. M., et al. (1995b). Yohimbine facilitated
acoustic startle in combat veterans with posttraumatic
stress disorder. Psychopharmacology, 117, 466-471.

MORGAN, C.A., GRILLON, C., SOUTHWICK, S. M.,
DAVIS, M, et al. (1996). Exaggerated acoustic startle
reflex in Gulf War veterans with posttraumatic stress
disorder. American Journal of Psychiatry, 153,
64-68.

MULLER, J. (1844). Handbuch der Physiologie des Men-
schen.Menschen [Textbook of the human physio-
logy]. Coblenz: Verlag von.J. Holscher (Erster Band).

ORNITZ,E. M., & PYNOOS, R. S. (1989). Startle modu-
lation in children with posttraumatic stress disorder.
American Journal of Psychiatry, 146, 866-870.

OVEREND, W. (1896).Preliminary note on a new cranial
reflex. Lancet, 1, 619.

PAVLOV, L. P. (1960). Conditioned reflexes: An investi-
gation of the physiological activity of the cerebral
cortex. New York: Dover Publlication.

PLANT, Y.,& HAMMOND, G.R. (1989). Temporal inte-
gration of acoustic and cutaneous stimuli shown in the
blink reflex. Perception and Psychophysics, 45,258-264.

POLLER, M. (1928). Beitrage zur kenntnis des lidschlag-
eslidschlages {Contribution to information about eye-
lid blinks]. Archiv fur Hygiene, 100, 245-270.

RIMPEL, J., GEYER, D., & HOPF, H. C. (1982). Changes
in the blink responses to combined trigemijal, acous-
tic, amd visual repetitive stimulation, studed in the hu-
man subject. Electroencephalography and Clinical
Neurophysiology, 54, 552-560.

ROSSI, B, VISTA, M., FARNENTANI, W., & GABRI-
ELLI L. (1995). Modulation of electrically elicited
blink reflex components by visual and acoustic pres-

timuli in man. /nternational Journal of Psychophysi-
ology, 20, 177-187.

RUSHWORT, G. (1962). Observations on blink reflexes.
Journal of Neurology Neurosurgery and Psychiatry,
25, 93-108.

71



IBRAHIMPASIC, Reflex eyelid blinks, Rewiev of Psychology, 1999, Vol. 6, No.1-2, 53-78

SANNA, G., & MESSINA, C. (1967). Contributo neuro-
fiziologico allo studio dei riflessi trigemino-facciali
[A neurophysiological contribution to the study of the
trigeminal-facial reflexes]. Acta neurologica, 22,
347-355.

SCHAFFER, E. A. (1900). Textbook of Physiology. Eding-
bourgh and London: Young J. Pentland, vol 2.

SCHMIDTKE, K., & BUTTNER-ENNEVER, J. A. (1992).
Nervous control of eyelid function. Brain, 115,227-247.

SCHUPP, H.T., CUTHBERT, B. N, BRADLEY, M., &
BIRBAUMER|,N. (1997). Probe P3 and blinks: Two
measures of affective startle modulation. Psycho-
physiology, 34, 1-6.

SHAHANI, B. (1970). The human blink reflex. Journal of
Neurology Neurosurgery and Psychiatry, 33, 792-
800.

SHERRINGTON, C, (1973). (reprint 1906). The integra-
tive action of the nervous system. New York:Arno
Press.

SILVERSTEIN, L. D., GRAHAM, F. K., & BOHLIN, G.
(1981). Selective attention effects on the reflex blink.
Psychophysiology, 18, 240-247.

SIMCHOWITZ, T. (1922). Uber den nasenaugenreflex
und den nasenkinreflex [About nose-eye reflex].
Deutsche Zeitschrif fur Nasenheilkunde, 6,342-255.

SIMONS, R. F., & ZELSON, M. F. (1985). Engaging vis-
ual stimuli and reflex blink modulation. Psychophysi-
ology, 22, 44-49.

SOKOLOV, E. N. (1960). Neuronal models and orienting
reflex. Brazier, M.A.B. The central nervous system
and behavior Vol.13. New York: Josiah Macy Found.

STRAUSS, H. (1929). Das Zusammenschrecken: Experimen-
tell-kinematographische studie zur physiologie und
pathophysiologie der reaktivbewegungen reaktiv-
bewegungen [Startle reaction: An experimental - pho-
tographic study of physiology and pathophysi- ology
of'the reflex movement]. Journal fur Psychologie und
Neurologie, 39, 111-231.

STRAUSS, H., LANDIS, C, & HUNT, W. A. (1938).
Acoustic Motor reactions. Especially the cochleopalpe-
bral reflex. Archive of Otolaringology, 28, 941- 945.

STEVENS, S. S. (1955). Decibels of light and sound.
Physics Today, 8, 12-117.

STETT, C.L., HOFFMAN, H. S., & DeVIDO, C. J. (1980).
Modification of the human glabella reflex by antecen-
dent acoustic stimulation. Perception and Psycho-
physics, 27, 82-88.

STRUPPLER, A., & DOBBELSTEIN, H. (1963). Electro-
miographische Untersuchung des Glabellareflexes
bei verschidenen neurologischen Storungen [Ele-

78

ctromyographic investigation of the glabellar reflex in
different neurological diseases]. Nervenarzt, 34,
347-352.

SYMMES, D., LORING, F. C., & WARD, C. H. (1955).
The fusion of intermittent white noise. Journal of
Acoustics Society of America., 27, 470-473.

TAVY,D. L., Van-VOERKOM, T.C., MORRE, H. H., &
SLAETS, J. P. (1986). Alteration of the blink reflex in
patients with dementia. Journal of Neurology Neuro-
surgery and Psychiatry, 49, 718.

TRONTELJ, M., & TRONTELJ, J. V. (1978). Reflex arc
of the first component of the human blink reflex: A
single motoneuron study. Journal of Neurology Neu-
rosurgery and Psychiatry, 41, 538-547.

Van BOXTEL, A.,, BOELHOUWER, A.J. W., & BOS, A.
R. (1998). Optimal EMG signal bandwidth and intere-
lectrode distance for the recording of the acoustic,
electrocutaneous and photic blink reflex. Psycho-
physiology, 35, 690-697.

VORONIN, L. G., & SOKOLOQOV, E. N. (1960). Cortical
mechanisms of the orienting reflex and its relation to
the conditioned reflex. Electroencephalography and
clinical Neurophysiology,.13, 335- 346.

WALTER, W. G. (1941). Observations and experiments
concerning reflectory and voluntary eyelid movements.
Archive of Neederland Physiology, 25, 601-620.

WARTENBERG, R. (1944).The examination of reflexes.
Chicago: The Year Book Publication, Inc.

WEINSTEIN, E. A.,, & BENDER, M. B. (1943). Inte-
grated patterns elicited by stimulation of the brain
stem. Archive of Neurology and Psychiatry, 50, 34-42.

WEIS, P. (1942). Lid-closure reflex from eyes transplan-
tated to atypical locations in Triturus Torosus. Jour-
nal of Comparative Neurology, 77, 131-169.

YOSHIE, N., OHASHI, T., & SUZUKI, T. (1967). Non
—surgical recording of auditory nerve action poten-
tials in man. Laringoscope, 77, 76-85.

ZELSON, M. F.,& SIMONS, R. F. (1986). Sustained at-
tention in Type A and Type B subjects: A blink reflex
analysis. Psychophysiology, 23, 385-392.

ZWAARDEMAKER, H., & LANS, L. J. (1900). Ueber ein
stadium relativer unerregbarkeit als ursache des inter-
mittirenden characters des lidschlagreflexes [About a
phase of relative insensitivity as a cause of an inter-
mittent character of the eyelid reflexes]. Zentralblatt
Jfur Physiologie, 13, 325-329.

Received October 1999
Accepted November 1999



