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The primary purpose of the eyelids is to ensure corneal
integrity. An important component of this protective
function is maintaining the corneal tear film. Blink char-
acteristics can determine tear film stability. Increasing
blink amplitude thickens the lipid layer that overlies the
aqueous layer of the tear film. This thickening reduces
evaporation of the aqueous layer. Because each blink
reforms the tear film, increasing blink frequency reduces
tear film break-up.1–4 Both innocuous stimuli such as air
across the eyelashes, and noxious stimuli such as touch-
ing the cornea, elicit trigeminal reflex blinks. If abnormal
corneal afferent activity caused by corneal irritation acts
as an “error signal” that adjusts the amplitude and fre-
quency of reflex blinks evoked by both innocuous and
corneal stimuli, then corneal irritation creates an adaptive
blink response regardless of whether a corneal or an
innocuous trigeminal stimulus elicits the blink.

An investigation of the effects of aging on trigeminal
blinks5 supports the hypothesis that corneal irritation
modifies trigeminal reflex blinks evoked by innocuous
stimuli. In people over age 40 years, a single innocuous,
supraorbital (SO) nerve stimulus frequently evokes a re-
flex blink and additional blinks that occur at a nearly
constant interval relative to the onset of the preceding
blink, blink oscillations. Because blink oscillations are
more frequent and larger than reflex blinks, this modifi-
cation increases tear film stability. Peshori and col-
leagues5 propose that the development of consistent
blink oscillations in many individuals over age 40 years
is a blink adaptation that compensates for the subclinical
reduction in corneal wetting that accompanies aging.6

This hypothesis predicts that innocuous SO stimuli
should produce more blink oscillations in people with
dry eye than in age-matched control subjects. We test

this prediction by comparing the SO-evoked blinks of
individuals with dry eye with those of age-matched con-
trols. Given the frequent occurrence of dry eye at the
onset of benign essential blepharospasm (BEB),7 blink
modifications associated with dry eye may play a role in
the origin of BEB. We present a hypothesis that links the
adaptive processes initiated by dry eye with the origin of
BEB.

METHODS

Measurements of eyelid movement and orbicularis
oculi electromyographic (OOemg) activity were made on
seven subjects, ranging in age from 44 to 72 years of age.
Five female subjects had been diagnosed with dry eye at
the SUNY Stony Brook Ophthalmology Clinic. The data
from these subjects were compared with those from age-
matched control subjects in another study.5 Two normal
subjects, a man and a woman, participated in an experi-
mental paradigm described below. Apart from dry eye,
no subject had any ocular disorders other than the need
for corrective lenses. A previous study8 detailed mea-
surement of lid movements and OOemg used in the cur-
rent study. Upper eyelid position was measured with the
magnetic search coil technique. The OOemg was re-
corded with a pair of miniature silver plates attached to
the medial and lateral aspects of the upper eyelid, and
was amplified and filtered (0.3–2 kHz). To evoke reflex
blinks, an electrical stimulus was presented through a
pair of electrodes placed over the SO nerve. Threshold
was defined as the smallest intensity stimulus of 170-
msec duration that reliably elicited a blink. For data col-
lection, SO stimuli were always twice threshold intensity
(2T). No subject reported these stimuli to be uncomfort-
able. Subjects received 28 trials containing pairs of 2T
SO stimuli with interstimulus intervals of 250, 500, 750,
or 1000 msec and 10 single, 2T SO stimulus trials. Trials
occurred every 25 ± 5 sec.

To test whether Ad- and C-fiber activation such as
occurs with corneal stimulation modifies the blinks

Key words: dry eye; blinking; blepharospasm; eyelid movements;
blink oscillations; brainstem

*Correspondence to: Craig Evinger, PhD, Departments of Neurobi-
ology & Behavior and Ophthalmology, SUNY Stony Brook, Stony
Brook, NY 11794-5230.

Movement Disorders
Vol. 17, Suppl. 2, 2002, pp. S75–S78
© 2002 Movement Disorder Society
Published by Wiley-Liss, Inc.
DOI 10.1002/mds.10065

S75



evoked by subsequent innocuous stimuli, we presented
high-intensity SO stimuli to two normal subjects. These
subjects received 28 trials containing pairs of 2T SO
stimuli with interstimulus intervals of 250, 500, 750, or
1,000 msec before and immediately following five, high-
intensity (10T) SO stimuli at 4 Hz. The same procedure
was repeated 24 hours later for each subject.

For each trial, a period of 1.4 seconds of upper eyelid
position and OOemg activity were digitized at 2 kHz per
channel and stored for later off-line analysis. By using
laboratory-created software, we analyzed blink magni-
tude, duration, and latencies and calculated the magni-
tude of EMG activity by integrating the rectified OOemg
activity.

RESULTS

A dry eye condition modified trigeminal blinks in two
ways. First, people with dry eye exhibited frequent blink
oscillations. For example, a single 2T SO stimulus
evoked three or more blink oscillations with a nearly
constant interblink interval (Fig. 1A). To estimate the
frequency of blink oscillations, we divided the total num-
ber of blink oscillations by the number of trials. Overall,
dry eye subjects generated 2.55 ± 0.6 times more blink
oscillations/trial than age-matched controls (Fig. 1B,
Osc/Trial). Thus, dry eye converted the reaction of the
reflex blink circuit to an innocuous stimulus from a
single response to an oscillatory pattern. Second, dry eye
patients often exhibited increased trigeminal reflex blink
excitability as measured with the paired stimulus para-
digm (Fig. 1B, Ref Exct). Averaged over all four inter-
stimulus intervals, the five subjects were 2.33 ± 0.79
times more excitable than age-matched controls. Other
than increased excitability and frequency of blink oscil-
lations, however, trigeminal blink characteristics were
the same in patients with dry eye and age-matched con-
trols (Fig. 1B).

The frequency of blink oscillations/trial varied among
the subjects with dry eye. The subject illustrated in Fig-
ure 1A averaged 3.2 blink oscillations each trial. The
subject with the fewest blink oscillations showed an av-
erage of only 0.96 blink oscillations each trial. Overall,
the five subjects produced an average of 1.9 ± 0.45 blink
oscillations each trial. For these five dry eye subjects,
reflex blink excitability and blink oscillations per trial
relative to age-matched control subjects increased to-
gether (Fig. 1C). These data suggested that dry eye links
reflex blink excitability and the frequency of blink os-
cillations. Thus, the activation of corneal Ad- and
C-afferents associated with the irritation of dry eye
modified the excitability of trigeminal blink circuits to
innocuous SO stimuli.

To investigate whether transient activation of Ad- and
C-fibers was sufficient to modify subsequent innocuous
SO-evoked blinks in normal subjects, we presented five
high-intensity (10T) SO stimuli and examined subse-
quent blinks evoked by 2T SO stimuli. Consistent with
high-intensity stimuli activating small diameter SO fi-
bers, subjects reported that these stimuli were painful.
Immediately after high-intensity stimulation, an innocu-
ous stimulus evoked 1.13 to 8.4 times more blink oscil-
lations per trial than before the high-intensity treatment,
with a mean increase of 3.38 times more oscillations per
trial (n 4 4 experiments; Fig. 2). In one subject, high-
intensity treatment also increased reflex blink excitabil-
ity. For the four interstimulus intervals, the average ex-

FIG. 1. Blink modifications associated with dry eye.A: A single,
twice threshold intensity stimulus to the supraorbital branch of the
trigeminal nerve (SO↑) evokes a reflex blink and additional blinks,
blink oscillations, which occur with a nearly constant interblink inter-
val. Each trace is a single trial showing upper eyelid position.B: Graph
showing the average number of blink oscillations per trial (Osc/Trial),
interblink oscillation interval (Pk Osc), blink oscillation duration (Osc
Dur), amplitude of blink oscillations (Osc Amp), amplitude of reflex
blinks (Ref Amp), reflex blink duration (Ref Dur), and reflex blink
excitability (Ref Exct) for five dry eye subjects relative to age-matched
controls.5 C: Average reflex blink excitability for all four interstimulus
intervals relative to age-matched control subjects as a function of blink
oscillations per trial relative to age-matched control subjects5 for the
five dry eye subjects. The line is the best-fit linear regression (y 4
0.933,x 4 0.056,r2 4 0.67).
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citability increased by factors of 1.35 and 3.29 immedi-
ately after high intensity stimuli in the 2 days of testing.
High-intensity treatment also decreased the amplitude of
blinks evoked by 2T SO stimuli relative to blink ampli-
tude before treatment (Fig. 2). One subject exhibited a
25% and 27% decrease in blink amplitude in the two
experiments. The subject showing increased excitability
exhibited a 53% and 40% decrease.

DISCUSSION
Blink oscillations compensate for dry eye. Because an

innocuous stimulus evokes multiple blinks instead of a
single reflex blink, this adaption improves tear distribu-
tion across the cornea and reduces tear film break-up.2

Moreover, because blink oscillations are larger than re-
flex blinks (Figs. 1A, 2), the increased amplitude of
blinks evoked by an innocuous stimulus thickens the
lipid layer, thereby reducing evaporation of the tear
film’s aqueous layer.1,3 These observations and the in-
creased frequency of blink oscillation with dry eye rela-
tive to age-matched control subjects support the hypoth-
esis that the activation of corneal Ad- and C-afferents by
dry eye modifies the reflex blink circuit’s response to
innocuous stimuli.

Wide dynamic range (WDR) neurons present a means
through which corneal afferents can modify the response
of reflex-blink circuits to innocuous, Ab blink-evoking
stimuli. WDR neurons are a component of the SO-
evoked trigeminal reflex blink circuit, and these neurons
respond to both small- and large-diameter afferents.9,10

In dry eye syndromes, innocuous blink-evoking stimuli
arrive at WDR neurons while these neurons receive a

continuous barrage of excessive Ad- and C-fiber inputs
produced by the corneal irritation. This summation of
Ab- with Ad- and C-fiber inputs may modify the dis-
charge of WDR neurons to an innocuous SO stimulus so
that the reflex-blink circuit generates blink oscillations
and exhibits increased blink excitability. It is also pos-
sible that large fiber inputs to WDR neurons can produce
blink oscillations without summing with a continual bar-
rage of small fiber inputs. If WDR neurons undergo
long-term potentiation (LTP)- or long-term depression
(LTD)-like modifications of the synaptic strength of their
Ab input caused by pairing with the Ad- and C-fiber
inputs, then a WDR neuron should respond to an innocu-
ous stimulus alone in the same way as it did in response
to the Ab-fiber input combined with the Ad- and C-fiber
inputs. If blink oscillations result from LTP- or LTD-like
modifications of WDR neurons’ response to Ab inputs,
then the blink modifications associated with dry eye are
an example of motor learning.

Two lines of evidence suggest that the blink modifi-
cations associated with dry eye are not simply a response
to continuous corneal stimulation but are an example of
motor learning initiated by the error signal created by
corneal irritation. First, the increase in blink oscillations
occurring after the cessation of high intensity SO stimuli
demonstrates that blink oscillations outlast the transient
activation of Ad- and C-fibers generated by the high-
intensity stimuli (Fig. 2). Thus, blink oscillations remain
elevated in the absence of constant Ad- and C-fiber ac-
tivation. Second, creating mild corneal irritation with
unilateral lid restraint in normal subjects increases blink
oscillations and reflex excitability. These modifications
remain for 15 to 20 minutes after the eyelid returns to
normal motility.11 Thus, the pairing of Ab- with Ad- and
C-fiber inputs that occurs with dry eye can cause modi-
fications that outlast the dry eye.

Interpreting some BEB characteristics12 as exaggera-
tions of the blink adaptations initiated by dry eye points
to a possible mechanism for the development of BEB.
Reducing the time between blink oscillations with dry
eye (Fig. 1A) will create the spasms of lid closure of
BEB that result from repetitive bursts of orbicularis oculi
activity. The elevated trigeminal reflex blink excitability
of BEB can be an exaggeration of the increased blink
excitability associated with dry eye (Fig. 1C). Consistent
with this interpretation, the frequency of blink oscilla-
tions and excitability increase together. The frequent oc-
currence of dry eye before or coincident with the onset of
BEB,7 supports the hypothesis that BEB stems from the
nervous system’s attempt to compensate for dry eye. In
individuals predisposed to BEB, the nervous system may
lose its ability to regulate adjustment of trigeminal cir-

FIG. 2. Effect of high-intensity stimulation (10× threshold) to the
supraorbital branch of the trigeminal nerve on subsequent reflex blinks.
Before high-intensity treatment (Pre), pairs of twice threshold intensity
stimuli to the supraorbital branch of the trigeminal nerve (SO dashed
lines) with a 500-msec interstimulus interval elicited unequal amplitude
reflex blinks. After high-intensity treatment (Post), the same stimuli
elicited nearly equal amplitude reflex blinks and a blink oscillation.
Each trace is a single record of upper eyelid position.
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cuits, so that the blink modifications initiated by dry eye
undergo unchecked increases, creating the involuntary
spasms of lid closure and hyperexcitability that charac-
terize BEB.
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