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Distribution of spontaneous inter-blink interval in repeated measurements

with and without topical ocular anesthesia

Distribuição dos intervalos do piscar espontâneo em medidas repetidas com
e sem anestesia tópica ocular

FELIPE PLACERES BORGES1, DENNY MARCOS GARCIA1, ANTONIO AUGUSTO VELASCO E CRUZ1

INTRODUCTION

Spontaneous blinking activity is essential for the mainte-
nance of ocular surface integrity(1). The so-called blin-
king rhythm is defined by the frequency of blinks occur-

ring within a given time interval(2). Typically, normal persons
are considered to blink 10 to 20 times per minute, depen-
ding on their mental activity at any given time(3).

An issue rarely mentioned in the literature but of theore-
tical relevance for the elucidation of neural mechanisms
underlying the blinking rate is the distribution of consecuti-
ve inter-blink intervals. This topic was first considered by
Ponder and Kennedy(2) who described four patterns of inter-
blink distribution: “J” pattern, symmetrical or normal pat-
terns, irregular patterns, and bimodal. These patterns may
be the expression of an intrinsic feature of each individual
determined by mesencephalic dopaminergic activity. Al-
though the hypothesis of blinking rate central regulation is
well accepted in neuropsychology(4-9), there are several lines
of ophthalmologic evidence showing that the condition of
the ocular surface modulates the blink rate(1,10-11). A classical
example is the reduced blink rate that occurs after topical
ocular anesthesia(12).

The purpose of the present study was to investigate
whether the pattern of distribution of blinking frequency chan-
ges after repeated measurements and after ocular surface
anesthesia.

ABSTRACT
Purpose: To determine if the distribution of inter-blink time intervals is constant
with repeated measurements with and without topical ocular anesthesia.
 Methods: Inter-blink time was measured in 15 normal subjects ranging from
19 to 32 years (mean ± SD= 23.9 ± 3.20) with the magnetic search coil technique
on 3 different occasions, the last one with topical ocular anesthesia.
Results: One-way analysis of variance for repeated measurements showed
that topical anesthesia significantly reduced the blink rate (blinks per minute),
which was constant in the first two measurements (F=8.27, p=0.0015. First
measurement: mean ± SD= 13.7 ± 7.8; second measurement: 13.1 ± 8.5 SD;
with topical anesthesia: = 7.2 ± 4.6). However, distributions shape was not
affected when the blink rate was reduced. The three distributions followed a
Log Normal pattern, which means that the time interval between blinks was
symmetrical when the time logarithm was considered.
Conclusions: Topical ocular anesthesia reduces the rate of spontaneous blin-
king, but does not change the distribution of inter-blink time interval.

Keywords: Blinking; Blinking/physiology; Administration, topical; Anesthesia;
Ophthalmic solutions/pharmacology; Eyelids

RESUMO
Objetivos: Determinar se a distribuição dos intervalos do piscar espontâneo se
mantém em medidas repetidas com e sem anesthesia tópica ocular.
Métodos: Os intervalos entre movimentos de piscar da pálpebra superior
foram medidos com rastreamento magnético (Magnetic Search Coil) em 15
sujeitos (11 do sexo masculino) normais com idades entre 19 a 32 anos (média
23,86 ± 3,20 dp anos).
Resultados: Análise de variância unifatorial para medidas repetidas mostrou
que a anesthesia tópica ocular diminuiu significativamente a frequência média
(número de blinks/minuto) do piscar espontâneo, a qual se manteve constan-
te nas duas primeiras medidas (F=8,27, p=0,0015. Primeira medida 13,7 ± 7,8 DP;
segunda medida 13,1 ± 8,5; com anestesia tópica 7,2 ± 4,6). No entanto, a
forma da distribuição nas 3 medidas obedeceu uma distribuição do tipo Log
Normal, de modo que os intervalos de piscar foram normalmente distribuídos
quando o logaritmo do intervalo foi considerado.
Conclusões: A anesthesia tópica ocular diminui significativamente a frequência
de piscar, mas não altera a distribuição dos intervalos do piscar espontâneo.

Descritores: Piscadela; Piscadela/fisiologia; Administração tópica; Anestesia;
Soluções oftálmicas/farmacologia; Pálpebras
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METHODS
The study was conducted on 15 subjects (11 males) aged

from 19 to 32 years (mean ± SD: 23.86 ± 3.20 years) with no
systemic diseases or oculo-palpebral problems or procedures,
including previous surgeries, that might alter the palpebral
dynamics.

Blinking activity was recorded with a capturing system called
Magnetic Search Coil. This is a cubic metal structure that
produces a weak magnetic field, where the subject is placed
while wearing a small coil on his upper eyelid (4.85 mm in
diameter, 20 volts, 5 mg, a copper wire 0.16 mm in diameter). As
the eyelid slides over the ocular surface, the coil produces an
electric signal proportional to the angle relative to the field. This
signal is preprocessed with a 10 kHz low-pass filter which is
amplified 20,000X and digitized by a analogue-to-digital con-
verter (National Instruments PCI-6220) sampled at 200 Hz, with
12 bit precision. The angular position of the eyelid, in degrees, is
obtained with a spatial resolution of approximately 0.1° (equiva-
lent to a linear dislocation of 0.02 mm) by means of a calibration
factor measured with the aid of a radius transfer device with a
radius similar to the mean radius of the human eye.

For the recording of spontaneous blinking, the subject was
instructed to watch a film during 5 minutes on a monitor located
at the distance of 1 m. This experiment was repeated twice with
an interval of at least 3 days between the experiments. The
third acquisition was carried out after the instillation of a drop
of anesthetic eye-drops (Visonest®, 5 mg proxymetacaine hy-
drochloride, vehicle qsp. 1 ml) in the conjunctival sac of both
eyes, with one eye being randomly chosen for examination. Thus,
three distributions of blinking intervals were obtained for
each subject. The first minute of each acquisition was conside-
red to be a period of adaptation and was discarded.

Data were analyzed statistically using the Microcal Origin
8.0® and SAS® JMP 7.0® software. Descriptive statistical techni-
ques were used (dispersal graphs and histograms) and groups
were compared by repeated-measures unifactorial ANOVA
and by the Kolmogorov and Shapiro-Wilk distribution tests.

RESULTS
A total of 2042 blinking movements were recorded and

distributed as follows: 803 in the first measurement, 771 in the
second, and 468 in the third (with anesthesia). Figure 1 illus-
trates the blink rates distribution obtained for the studied
subjects within a 4 minute interval.

Table 1 lists the parameters of the obtained distributions.
Unifactorial analysis of variance for repeated measures

(ANOVA) showed that there was a difference between the
rates (F=8.27, p=0.0015). The Tukey test revealed that the
rates obtained in the 1st and 2nd measurements did not differ
significantly one from another but both differed from the 3rd

measurement obtained with the use of a topical anesthetic.
Figure 2 illustrates the distribution of the inter-blink time

intervals obtained for 2 study subjects under the three diffe-
rent conditions. The data for the sample as a whole were grou-
ped in order to analyze the anesthetic effect on the inter-blink
rate (Table 2 and Figure 3). The Kolmogorov test showed that the
3 conditions followed a Log Normal distribution (J pattern).

DISCUSSION
The results of the present experiment unequivocally show

that the conditions of the ocular surface modulate the sponta-
neous blink rate, as suggested by some authors(1). While in
repeated measurements the blink rate was quite constant,
after the topical anesthetic administration, the number of
blinks per minute decreased significantly.

Figure 1. Blink rate distribution (blinks/m). 1 - First observation; 2 - Second
observation; 3 - After topical anesthesia.

Table 1. Parameters of the distribution of blink rates
(number of blinks per minute) obtained for 15 normal
subjects in two consecutive measurements and in a
third one with the use of a topical anesthetic

Measurements Mean SD SEM Minimum Median Maximum

1st 13.7 7.8 2.0 3.00 11 30.25
2nd 13.1 8.5 2.2 3.50 13 31.00
3rd (anesthetic) 7.2 4.6 1.2 0.25 7 16.00

These data can be interpreted as opposite evidence to the
notion that spontaneous blinking activity is not regulated by a
central mechanism. However, analysis of inter-blink intervals
indicated that the most common pattern observed in the
present sample was a Log Normal or J-shaped distribution. In
other words, most of the time the subjects blinked at short
intervals and only a few times at increasing intervals. The
number of blinks separated by a longer time interval was smaller
than the number of blinks separated by short intervals. Thus,
the histogram representing the distribution of inter-blink inter-
vals was J-shaped.

An interesting property of J-shaped distributions is that
this shape becomes symmetrical or normal when the values on
the abscissa are log transformed. This characteristic was not
affected by the reduced blink rate induced by topical anes-
thesia.

Apparently, the conditions of the ocular surface modulate
the number of blinks but not the inter-blink interval. The
neural control of blinking involves a complex set of supranu-
clear mesencephalic structures (superior colliculus, periaque-
ductal gray matter, substantia nigra, pyramidal tract, and me-
dial longitudinal fasciculus) that control the orbicular muscu-
lature activation, as well as the concomitant inhibition of the
upper eyelid levator muscle tonus(4). The inter-blink time inter-
vals temporarily reflect the joint action of these inhibitory
(levator muscle) and activating (orbicular muscle) processes.
The nervous system regulates logarithmically the inter-blink
interval in a symmetrical manner. This characteristic seems to be
invariable and it would be interesting to determine whether
the inter-blink time intervals also follow a Log Normal distri-
bution in the presence of conditions that affect blink rate such
as psychosis(13), Parkinson’s disease(5), sleep deprivation(14), drug
use(8), and dry eye, as well as the rates induced by refractive
surgery such as LASIK(15).
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Table 2. Parameters of the distributions of the intervals between two consecutive blinks (seconds) obtained for
15 normal subjects in two consecutive measurements and in a third one with the use of a topical anesthetic

Measurements Total N Mean SD SEM Minimum Median Maximum

1st 802 4.23 05.04 0.17 0.17 2.68 043.24
2nd 770 4.47 06.73 0.24 0.23 2.55 077.09
3rd (anesthetic) 467 6.77 10.19 0.47 0.13 3.38 123.97

Figure 2. Distribution of blink intervals in 2 subjects of the study sample. Note the relative invariance of the distributions in repeated measurements.

Figure 3. Distribution of intervals between consecutive blinks in the three acquisitions. The data are presented for all study
participants as a whole.
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CONCLUSIONS
Topical ocular anesthesia reduces the rate of spontaneous

blinking, but does not change the pattern of inter-blink time
interval distributions.
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