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ARTICLE INFO ABSTRACT

Keywords: Objective: Melanopsin may be involved in the pathophysiology of photophobia in idiopathic isolated blephar-
Blepharospasm ospasm. We assessed the efficacy of blocking wavelengths of melanopsin absorption to reduce blinking in ble-
Dystonia pharospasm as a possible surrogate for photophobia.

gili(r)l;?f;ibia Methods: Twenty-one participants (11 blepharospasm and 10 healthy controls) were studied. There were three

sessions: (1) a baseline condition to measure the blink rate (BR) without intervention; (2) two conditions where
the participants received intermittent light stimuli with high or low intensity without wearing study lenses; (3)
four conditions in which the participants received intermittent light stimuli with high intensity while wearing
one of four different lenses: tinted lenses with neutral gray or FL-41, or coated lenses that block 480-nm or 590-
nm wavelength. The primary outcome measure was the BR.

Results: The blepharospasm group blinked more frequently than controls in dim room conditions. Patients re-
ported greater photosensitivity compared to controls based on the questionnaire and exhibited a higher BR with
intermittent light stimuli. The BR decreased for both groups when using 480-nm and 590-nm blocking lenses. In
the patients, 480-nm and 590-nm blocking lenses reduced the mean BR by 9.6 blink/min and 10.3 blink/min,
respectively, while in the control group, the mean BR decreased by 4.4 blink/min and 4.3 blink/min, respectively.
Conclusions: Blepharospasm patients had increased BR with light stimuli which decreased with 590-nm and 480-
nm blocking lenses. The 480-nm- and 590-nm- coated lenses might have therapeutic potential in treating
photophobia although BR does not appear to be an optimal biomarker for photophobia.

1. Introduction

Idiopathic isolated blepharospasm (here just called blepharospasm) is
characterized by involuntary orbicularis oculi spasms that are usually bi-
lateral, synchronous, and symmetrical [1,2]. Photophobia, also called
“photoallodynia”, is defined as a sensory state in which light causes dis-
comfort in the eye or head; it may also cause an avoidance reaction
without overt pain [3]. Nearly 94% of patients report light sensitivity and
up to 74% have photophobia [4]. Furthermore, photophobia is considered
the second most common factor which can impact blepharospasm

patients’ quality of daily life [5]. However, the mechanism of photophobia
is still elusive.

Melanopsin-containing intrinsically photosensitive retinal ganglion
cells (ipRGCs) are atypical retinal photoreceptors separate from classical
rod and cone photoreceptors. Melanopsin is activated with light at 480-
nm and requires light at 590-nm to be restored to its baseline state [6].
Evidence accumulating from animal models shows that ipRGCs are in-
volved in photophobia of rod- and cone deficient mice [7,8]. In humans,
ipRGCs have been implicated in photoallodynia since migraine patients
who are blind from a complete lack of rod and cone function still
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experience photoallodynia compared with patients with enucleated eyes
[9]. Using the photic blink reflex, one study tried to objectively quantify
the ocular sensitivity to red (640 nm) and blue (485 nm) light in patients
with light sensitivity and normal subjects. The data demonstrated an
increased photic blink reflex to blue light as opposed to red light in light-
sensitive patients [10]. These results suggest that the melanopsin sig-
naling system may control light aversion and the ipRGC may be the most
important photoreceptor cell in the pathophysiological mechanism of
photophobia. The pathophysiology of photophobia in isolated blephar-
ospasm is still unclear, but may relate to this observation. A previous
study demonstrated that FL-41 lenses, which block wavelengths around
480 nm, the wavelength at which ipRGCs are maximally sensitive, re-
duced mean blink rate and eyelid contraction force more than standard
sunglasses in blepharospasm patients [11]. Another study showed that
patients with blepharospasm have less photophobia when wearing FL-41
lenses [12]. The reason why FL-41 lenses relieve blepharospasm symp-
toms is still not certain and not every BEB patient experiences benefit
from wearing FL-41 lenses which may be related to the fact that FL-41
lenses block the wavelengths around 480 nm non-selectively and weakly.

We hypothesized that blink rate would be a biomarker for photo-
phobia, and that strongly and selectively blocking the wavelength spe-
cific to the melanopsin system would reduce blink rate in blepharospasm
patients. In this exploratory study, we aimed to investigate melanopsin's
role in the pathophysiology of photophobia in blepharospasm patients
with implications for potential therapeutic interventions.

2. Methods
2.1. Standard protocol approvals and patient consent

This study was approved by the Institution Review Board of
National Institute of Health. Written informed consent was obtained
from all participants prior to the experiment.

2.2. Study participants

Blepharospasm patients having a history of involuntary contraction
of the orbicularis oculi for one year or more were recruited from the
National Institute of Neurological Disorders and Stroke outpatient clinic
with help from the Benign Essential Blepharospasm Research
Foundation. The clinical diagnosis of blepharospasm was based on the
standard criteria by senior movement disorder specialists [13]. Study
participants with segmental dystonia, psychiatric conditions (based on
self-report and the medical records), migraine, parkinsonian disorders,
meningitis, subarachnoid hemorrhage, pituitary tumors or apoplexy,
ophthalmologic disorders (other than blepharospasm and dry eye), po-
sitive history of traumatic brain injury, contact lens use and laser re-
fractive surgeries were excluded. Two of the patients had sensory tricks
according to their self-report. All but one blepharospasm patient were on
a regimen of botulinum toxin injections in the affected muscles every
12-20 weeks. The experiment was performed at least 11 weeks after the
most recent injection. The control study participants, free of neurolo-
gical, psychiatric disorders or ophthalmologic disorders, were recruited
from the National Institutes of Health (NIH) Healthy Volunteer Center.

2.3. Clinical assessments

Demographic data and detailed clinical history were collected in a
face-to-face interview. The severity of the blepharospasm was assessed
using the Jankovic Rating Scale (JRS) [14] and the Blepharospasm Dis-
ability Index (BSDI) [15] in patients. Each participant provided his or her
subjective perception of light sensitivity by using the Photosensitivity
Assessment Questionnaire (PAQ) [16] (Supplementary Material 1), which
can identify study participants’ behaviors that actively avoid light, termed
photophobia (PAQ-Pho) and those that actively search light, described as
photophilia (PAQ-Phi).
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2.4. Lenses

Our study utilized two tinted lenses with neutral gray and FL-41, and
two coated lenses designed to block 480-nm and 590-nm wavelengths
(Optical Shop at the University of Utah, Salt Lake City, UT). While the
tints absorb unwanted wavelengths, the thin-film coatings reflect the
unwanted wavelengths of light. The neutral gray lenses are tinted to
equally absorb all wavelengths across the visible spectrum. The FL-41
blocks wavelengths around 480 nm as well as some of the other shorter
wavelengths. All lenses have the same optical density of 30%, which
means that the four lenses block the same amount of the light in total,
but differ in their transmission of various wavelengths within the visible
spectrum. All lenses were examined for spectral characteristics using a
spectrophotometer [Lambda 9; PerkinElmer Optoelectronics, Fremont,
Calif]. The absorption spectra were compared, and the average percent
visible transmission from 400 to 700 nm was calculated for each lens. It
is worth noting that F1-41 blocks some light near 480 nm and the 480 nm
glasses are more precise at the melanopsin peak and block substantially
more light at that frequency. The characteristics of spectral transmission
of different lenses are shown in Fig. 1.

2.5. Photic-stimulator procedure

A photic-stimulator (Grass PS22 photic stimulator) was mounted
20 cm from the subject's eyes. Electromyography (EMG) surface elec-
trodes were attached to the inferior-lateral quadrant of the orbicularis
oculi and the reference electrode was placed on the forehead. All study
participants were tested in a supine position and were instructed to look
down 15-20°to eliminate background EMG activity in orbicularis oculi.
All tests were carried out in a dark room except for the low background
illumination created by the test instrumentation. Study participants
were given 10 min to adapt to the darkness before receiving the light
stimuli. The experiment was performed during 3 different sessions
using 7 different conditions (Fig. 2). To avoid habituation of the light
stimulation, we conducted the first and second sessions in one day and
study participants returned for a third session on a separate day. Session
1 was a baseline condition to measure the blink rate (BR) without any
intervention. Session 2 included two separate conditions wherein the
participants received light stimuli of high or low intensity without
wearing study lenses. In this session, single-pulse light stimuli with a 10
msec duration were delivered 10 times at fixed intervals of 30 * 3s
with high or low light intensity (5.5 or 22 lumen sec/ft [2]). The sti-
mulation protocol was designed to avoid adaption and habituation to
light based on some preliminary observations in pilot studies [17].
Session 3 included four conditions in which the participants wore dif-
ferent study lenses (neutral gray, FL-41, 480-nm, 590-nm blocking
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Fig. 1. Transmittance vs. wavelength for 4 different lenses. 480 nm: 480-nm-

coated lenses; 590 nm: 590-nm-coated lenses; FL-41: FL-41 lenses; Gray: neutral
gray-tinted lenses.
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Fig. 2. Photic-stimulator procedure. The experiment was performed during 3 different sessions using 7 different conditions. BR: blink rate; Low-intensity: single-pulse
light stimuli with a 10 msec duration were delivered 10 times at fixed intervals of 30 * 3s under the light stimuli with lower intensity (5.5 lumen sec/ft [2]); High-
intensity: single-pulse light stimuli with a 10 msec duration were delivered 10 times at fixed intervals of 30 + 3 s under the light stimuli with higher intensity (22
lumen sec/ft [2]); Lenses: Neutral gray-tinted lenses, FL-41, 590-nm-coated lenses, 480-nm-coated lenses.

lenses) in randomized order and received the same light intensity (22
lumen sec/ft [2]). The interval between two different conditions was at
least 5min. The blink rates were counted for the entire 5min of sti-
mulation under each of 7 conditions. During the experiments, the study
participants were not permitted to wear their prescription eyewear.

2.6. EMG data acquisition and analysis

The EMG signal was amplified using D360 amplifiers, with a low-fre-
quency filter of 20 Hz and a high-frequency filter of 2000 Hz and stored in a
computer for offline analysis using Spike2 software (Cambridge Electronic
Design, UK). The raw blink recordings were rectified, and BR was counted
manually. We defined synchronized EMG discharges of the orbicularis oculi
from both sides as one blink. If the interval of two consecutive EMG dis-
charges was less than 100 msec, we defined it as a single blink. Blinks to the
light flashes were not counted. The main outcome measure was the blink
rate (BR) during different experimental conditions.

2.7. Statistical analysis

Since this is an exploratory study, descriptive statistics were used, such
as mean and standard deviation to characterize the demographic and
clinical profile of the participants. To evaluate the difference in BR between
blepharospasm and control groups, two-sample t-test and Fisher's exact test
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were used for quantitative and binary variables, respectively. Pearson's
correlation analysis was performed to examine the relationship between
the PAQ-phi and the BR. A two-way repeated-measures analysis of variance
(ANOVA) was performed to evaluate the interaction between group and
light conditions on the BR. The group with two levels (blepharospasm vs.
control) was a between-subject factor and light with seven levels (Baseline,
White-Low, White-High, Neutral gray-High, FL-41-High, 590-nm-High,
480-nm-High) was a within-subject factor. Compound symmetry (CS) was
used as a covariance structure with different parameters for blepharospasm
and control group considering that the variation within blepharospasm was
greater than that within the control group. Age and sex were considered as
covariates and dropped (p > 0.15). To evaluate the effect of light condi-
tion within group, one-way repeated ANOVA with CS covariance structure
was performed for blepharospasm and control group separately. Dennett's
method was used for testing the difference between baseline (or White-
High) and each of the other light conditions. P = 0.05 was used as sig-
nificance level. Statistical analyses were performed using SAS version 9.2.

3. Results
3.1. Demographics and clinical data

Our sample consisted of 11 blepharospasm patients (9 female, 2
male, mean age + SD 68 *+ 6 years, blepharospasm mean onset = SD
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Table 1
Demographic and clinical characteristics of participants.
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Blpepharospasm patients (n = 11)

Healthy controls(n = 10) Significance level, p < 0.05

Mean age (years) (SD) 68.27(6.23)
Female/male (%) 9/2(81%)
Family history of BEB*, n (%) 0(0%)
Blepharospasm - onset (years) (SD) 56.09(6.36)
Blepharospasm - duration (years)(SD) 12.36(5.59)
Photophobia** - onset (years) (SD) 57.18(4.12)
Photophobia** - duration (years)(SD) 11.27(6.34)
Latest botulinum toxin injection (weeks)“(SD) 16.40(5.73)
Wearing FL-41, occasionally or usually N(%) 5/11(45.45%)
Mean PAQ-Pho score(SD) 0.65(0.24)
Mean PAQ-Phi score(SD) 0.30(0.17)
Mean JRS scores(SD)

JRS sum score 5(1.61)
JRS severity subscore 2.45(0.93)
JRS frequent subscore 2.36(0.67)
Mean BSDI(SD) 1.65(0.81)

64.50(5.12) p=0.15"
6/4(60%) p=0.36"
0(0%) -
0.03(0.08) p < 0.001°
0.53(0.27) p = 0.03"

Blepharospasm: Idiopathic isolated blepharospasm; JRS: Jankovic Rating Scale; PAQ: photosensitivity assessment questionnaire; Pho: photophobia; Phi: photophilia;
BSDI: Blepharospasm disability index; * 2 patients reported a family history of essential tremor in a first-degree relative; ** according to the patients' self-report; a
two-sample t-test; b Fisher's exact test; c one patient who had never received botulinum toxin injection was not included in the analysis.

age 56 * 6 years) and 10 controls (6 female, 4 male, mean + SD age
64 = 5) (Table 1). None of the patients had a family history of focal
dystonia; however, 2 patients (18%) had first-degree relatives diag-
nosed with essential tremor (ET). All patients complained that “the light
bothers my eyes” or “the light triggers my eyelid spasm”. By history, the
onset of eyelid spasm preceded the photophobia in all the patients.
None of the controls complained of photophobia. Not surprisingly, total
scores on the PAQ-Pho were significantly higher in patients with ble-
pharospasm compared to healthy controls (P < 0.001); the total scores
on PAQ-Phi were significantly higher in healthy controls (P = 0.03). All
patients except one had been on a regimen of botulinum toxin injec-
tions. None of the patients believed that photophobia was ameliorated
by botulinum toxin injection. About half the patients (45%) wore pre-
scribed FL-41 lenses outdoors and/or indoors for symptomatic man-
agement, and 27% of them subjectively reported that they benefited
from wearing them. Most of the patients told us that they did not wear
the glasses all the time, but we have no quantitative data.

3.2. The correlation between BR and the severity of blepharospasm

Blepharospasm severity scores (Jankovic Rating Scale and
Blepharospasm Disability Index) showed no relationship with either
baseline BR or BR under light stimulation (Supplementary Material 2-A
2-B). Additionally, blepharospasm severity scores were not correlated
with photophobia severity scores(Supplementary Material 2-C).

Effect of light stimuli with different intensity on blink rate (BR).

The blepharospasm group blinked more frequently than controls in
dim room conditions (29 vs 14 blink/min, p = 0.028). The effect of
light intensity differed between groups (two way repeated measures
ANOVA Fg, g2 = 4.3, p = 0.008 for the interaction), such that there was
no effect of light intensity in the control group (p = 1.0 white-low,
p = 0.93 white-high), but a significant increase in blink rate in the
blepharospasm group (p = 0.02 white-low, p < 0.001 white-high).
Table 2 lists the least squares mean values of BR in patients and controls
in different experimental conditions and Dunnett's adjusted p-values.

3.3. Reduction of the blink rate with tinted lenses

Dunnett's test using white-high baseline as a control showed that the
BR decreased when both patients and controls wore 480-nm and 590-nm
blocking lenses. In the control group, the BR reduced from 15 to 11 with
(p = 0.04 and p = 0.03, respectively). There was also a reduction in the
blepharospasm group, from 48 to 37 and 38 (p = 0.03 and p = 0.05) with
590 and 480 nm blocking lenses. There was a trend towards improvements
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with FL-41 in both the patient group and controls reducing the mean BR 6
blink/min and 4 blink/min respectively. However, there was no sig-
nificant difference in BR when neutral gray lenses were worn (Table 2).

4. Discussion

Our study demonstrated three important aspects of photophobia in
blepharospasm. First, blepharospasm patients reported greater photo-
sensitivity compared to healthy controls based on the questionnaire and
had higher BR using intermittent light stimuli. BR significantly in-
creased with intermittent light stimuli in blepharospasm patients while
this was not observed in healthy controls. Second, blepharospasm se-
verity scores showed no relationship with either baseline BR or BR
under light stimulation. The likely reason for this is that blepharospasm
severity scores include not only the frequency of eyelid spasms, but also
the intensity of eyelid spasms and other related factors. Moreover,
blepharospasm severity scores are not correlated with photophobia
severity scores. The results imply that the severity of blepharospasm
does not affect independently the light sensitivity (photophobia). Third
and most importantly, BR in the blepharospasm patients decreased
when wearing the 480- and 590-nm blocking lenses while neutral gray
and FL-41 did not have significant effect.

We used intermittent light stimuli rather than constant flux for several
reasons. First, intermittent pulsed light may be more effective in resetting
the blink generator in the brainstem. A previous study showed that
spontaneous eyeblink activity is changed by a sudden increase in light
levels more than background light conditions [18] Second, the ipRGCs
have a high threshold for activation, long response latency, and prolonged
duration of firing before returning to baseline; therefore, using inter-
mittent stimuli is more suitable for differentiating the melanopsin specific
system [3,19]. We did not count the photic blink reflex itself for the same
reason because the immediate response to photic stimulation is likely due
to rods and cones activation rather than direct ipRGCs stimulation.

Our study demonstrated that BR can be modulated more by specific
wavelength than by the net light flux (at least within the range of our
light stimuli). A previous study showed that FL-41 tint, moderately
blocking short wavelength, reduced the number of blinks in blephar-
ospasm patients [12]. Additionally, studies using fMRI suggest that
there may be different physiological responses to spectrally-specific
tints compared to neutral density filtering (which attenuates all wave-
lengths equally) [20]. However, our study showed that wearing the FL-
41 was not effective in reducing the BR compared to 480-nm and 590-
nm blocking lenses. This is inconsistent with a previous study done by
Blackburn et al. that showed FL-41 to be effective in the treatment of
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Table 2
Effect of spontaneous blink rate in blepharospasm and control subjects under different conditions of
light.
Least squares means Adjusted Dunnett's p-value
Conditions Control=Baseline Control=White-High
Blepharospasm | Control
Blepharospasm | Control | Blepharospasm | Control
Baseline 29.27 13.88 - - <.001 0.93
White-Low 39.91 13.98 0.02 1.00 0.19 0.95
White-High | 47.28 15.12 <.001 0.93
Neurtral 45.57 13.26 0.99 0.70
gray-High
FL-41-High | 41.54 11.58 0.41 0.12
590-nm-high | 36.94 10.78 0.03 0.04
480-nm-high | 37.71 10.68 0.05 0.03

Blepharospasm: Idiopathic isolated blepharospasm; Baseline: not under light stimuli and without wearing
lenses; White-Low: under light stimuli with lower intensity and without wearing lenses; White-High: under
the light stimuli with higher intensity and without wearing lenses; Neutral gray-High, FL-41-High, 590-
nm-High, 480-nm-High: under the light stimuli with higher intensity and with wearing 4 different lenses
[Neutral gray-tinted lenses, FL-41, 590-nm-coated lenses, 480-nm-coated lenses].One-way repeated
measures ANOVA was performed to evaluate the effect of light condition on BR for Blepharospasm and
control group separately, followed by Dunnett's test with baseline or white-high as a control. The standard
deviation is 8.03 for the Blepharospasm group and 1.59 for the control group.

blepharospasm [12]. The main reason of the inconsistent results may be
due to the differences of the research methods. We monitored the
subjects while they were supine and provoked increased blinking with a
photic stimulator; in the previous study, patients were monitored in
constant light while reading. It is possible, however, that our study did
not have enough power to detect an effect. FL-41 did show a trend to
reduce BR for both blepharospasm (from 47 to 41) and controls (from
15 to 11), but did not reach statistical significance in our sample.

The 480-nm and 590-nm blocking lenses utilized in our study are
formulated based on the discovery of ipRGCs and the molecular me-
chanism of melanopsin. The ipRGCs contain the photopigment mela-
nopsin that are “intrinsically photosensitive”, meaning they can be
stimulated by light in the absence of input from the traditional photo-
receptors, rods and cones [21]. The action spectrum of ipRGCs peaks at
480 nm, midway between the action spectrum of green and blue cones
[22]. Once activated, rhodopsin and cone opsins must be recycled back
to their active, 11-cis state by the retinal pigment epithelium. Unlike
these opsins, melanopsin is a biphasic molecule, meaning that different
wavelengths of light move melanopsin between its all-trans and 11-cis
isomers[1]. In fact, melanopsin is recycled from its inactive, all-trans
isomer back to its active, 11-cis isomer by 590 nm light, a wavelength
closer to the orange end of the visible spectrum [23]. Our results
showed 590 nm blocking lenses have the same effect in reducing the
blink rate as does the 480 nm blocking lenses likely based on the bis-
table property of melanopsin. Blocking 480 nm wavelength leads to a
smaller amount of melanopsin transiting to the high state, and ulti-
mately reduces the blink rate. One the other hand, blocking the 590 nm
wavelength results in less melanopsin reverting to the low state and,
thus, less melanopsin will be available to be activated.

Our study has limitations. This is an exploratory study with a small
number of study participants. Also, we did not include blepharospasm
patients without photosensitivity. We intended to recruit blepharospasm
patients regardless of presence of photosensitivity, but all patients com-
plained of light sensitivity. This is consistent with a previous report that
94% of blepharospasm patients have photosensitivity. Inclusion of ble-
pharospasm without photosensitivity would have better clarified whether
increase in BR to light stimulation is related to blepharospasm mechanism
or merely depends on the presence of photosensitivity. However, the lack
of this information does not affect our study conclusion.

In summary, our findings show that BR in blepharospasm patients is
more sensitive to light than in normal study participants and both 480-nm-
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and 590-nm- wavelength appears to play an important role. Our study
suggests that 480-nm- and 590-nm- coated lenses might have therapeutic
potential in treating spasm and photophobia in blepharospasm patients and
could be better than FL-41. Unfortunately, there is no good evidence for a
correlation between photic-blink reflex and photophobia either in previous
literature or our own study. Better objective measures are needed for the
evaluation of photophobia in the future. Additionally, further studies will be
required to evaluate whether such lenses can reduce photophobia in ble-
pharospasm patients in daily living activities, such as reading and driving.

Funding agencies

The work was conducted at, and supported by, the NINDS
Intramural Program ; Dr. Y. Wu was supported by the National Natural
Science Foundation of China (N0.81870887) and the National Key R&D
Program of China (2017YFC0909100).

Author contributions

Yiwen Wu: funding, study design, data acquisition, analysis and
interpretation of data, drafting the manuscript, manuscript revision.

Hyun Cho: study design, data acquisition, drafting the manuscript.

Pattamon Panyakaew: data acquisition, analysis of data.

Charulata Sankhla Savant: data acquisition.

Nguyet Dang: data acquisition and technical support.

Tianxia Wu: analysis of data.

Mark Hallett: funding, study design and conceptualization, analysis
and interpretation of data, manuscript revision.

Financial disclosure

Yiwen Wu is supported by the National Natural Science Foundation
of China (No.81870887) and the National Key R&D Program of China
(2017YFC0909100).

Hyun Cho is supported by a research grant from the Dystonia
Medical Research Foundation.

Pattamon Panyakaew is supported by Anadamahidol Scholarship
Foundation.

Mark Hallett may accrue revenue on US Patent: Immunotoxin
(MAB-Ricin) for the treatment of focal movement disorders, and US
Patent: Coil for Magnetic Stimulation and methods for using the same



Y. Wu, et al.

(H-coil); in relation to the latter, he has received license fee payments
from the NIH (from Brainsway). Research funds have been granted by
Medtronic, Inc., for studies of deep brain stimulation, Merz for treat-
ment studies of focal hand dystonia, Allergan for studies of methods to
inject botulinum toxins, and CALA Health to study a device for the
treatment of essential tremor.

Acknowledgments

We are very grateful to Drs. B. Katz and K. Digre and Axon Optics,
LLC (Salt Lake City, UT) and Tecport Optics, Inc. (Orlando, FL), for
supplying the study frames and lenses, to Dr. Katz for helpful com-
ments, and to Devera G. Schoenberg for manuscript editing.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.parkreldis.2019.09.010.

References

[1] M. Hallett, C. Evinger, J. Jankovic, M. Stacy, B.I. Workshop, Update on blephar-
ospasm: report from the BEBRF international workshop, Neurology 71 (16) (2008)
1275-1282.

A. Albanese, K. Bhatia, S.B. Bressman, M.R. Delong, S. Fahn, V.S. Fung, M. Hallett,
J. Jankovic, H.A. Jinnah, C. Klein, A.E. Lang, J.W. Mink, J.K. Teller,
Phenomenology and classification of dystonia: a consensus update, Mov. Disord. 28
(7) (2013) 863-873.

D.M. Dacey, H.W. Liao, B.B. Peterson, F.R. Robinson, V.C. Smith, J. Pokorny,
K.W. Yau, P.D. Gamlin, Melanopsin-expressing ganglion cells in primate retina
signal colour and irradiance and project to the LGN, Nature 433 (7027) (2005)
749-754.

E.L. Peckham, G. Lopez, E.A. Shamim, S.P. Richardson, S. Sanku, R. Malkani,

M. Stacy, P. Mahant, A. Crawley, A. Singleton, M. Hallett, Clinical features of pa-
tients with blepharospasm: a report of 240 patients, Eur. J. Neurol. : Off. J. Europ.
Feder Neurol. Soc. 18 (3) (2011) 382-386.

O. Tucha, M. Naumann, D. Berg, G.L. Alders, K.W. Lange, Quality of life in patients
with blepharospasm, Acta Neurol. Scand. 103 (1) (2001) 49-52.

L.S. Mure, P.L. Cornut, C. Rieux, et al., Melanopsin bistability: a fly's eye technology
in the human retina, PLoS One 4 (6) (2009) €5991.

A. Matynia, S. Parikh, B. Chen, P. Kim, D.S. McNeill, S. Nusinowitz, C. Evans,

[2]

[3]

[4]

[5]

[6]
[71

71

[8]

[9

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

Parkinsonism and Related Disorders 67 (2019) 66-71

M.B. Gorin, Intrinsically photosensitive retinal ganglion cells are the primary but
not exclusive circuit for light aversion, Exp. Eye Res. 105 (2012) 60-69.

J. Johnson, V. Wu, M. Donovan, S. Majumdar, R.C. Renteria, T. Porco, R.N. Van
Gelder, D.R. Copenhagen, Melanopsin-dependent light avoidance in neonatal mice,
Proc. Natl. Acad. Sci. U. S. A 107 (40) (2010) 17374-17378.

R. Noseda, V. Kainz, M. Jakubowski, J.J. Gooley, C.B. Saper, K. Digre, R. Burstein, A
neural mechanism for exacerbation of headache by light, Nat. Neurosci. 13 (2)
(2010) 239-245.

K. Randy, Melanopsin and its role in photophobia, Acta Ophthalmol. 90 (06) (2012)
5249,

N.L. Herz, M.T. Yen, Modulation of sensory photophobia in essential blepharospasm
with chromatic lenses, Ophthalmology 112 (12) (2005) 2208-2211.

M.K. Blackburn, R.D. Lamb, K.B. Digre, A.G. Smith, J.E. Warner, R.W. McClane,
S.D. Nandedkar, W.J. Langeberg, R. Holubkov, B.J. Katz, FL-41 tint improves blink
frequency, light sensitivity, and functional limitations in patients with benign es-
sential blepharospasm, Ophthalmology 116 (5) (2009) 997-1001.

G. Defazio, M. Hallett, H.A. Jinnah, A. Berardelli, Development and validation of a
clinical guideline for diagnosing blepharospasm, Neurology 81 (3) (2013) 236-240.
J. Jankovic, K. Schwartz, D.T. Donovan, Botulinum toxin treatment of cranial-cer-
vical dystonia, spasmodic dysphonia, other focal dystonias and hemifacial spasm, J.
Neurol. Neurosurg. Psychiatry 53 (8) (1990) 633-639.

J. Jankovic, C. Kenney, S. Grafe, R. Goertelmeyer, G. Comes, Relationship between
various clinical outcome assessments in patients with blepharospasm, Mov. Disord.
24 (3) (2009) 407-413.

L. Bossini, E. Frank, G. Campinoti, M. Valdagno, C. Caterini, P. Castrogiovanni,
A. Fagiolini, Photosensitivity and panic-agoraphobic spectrum: a pilot study, Riv.
Psichiatr. 48 (2) (2013) 108-112.

S.K. Yates, W.F. Brown, Light-stimulus-evoked blink reflex: methods, normal values,
relation to other blink reflexes, and observations in multiple sclerosis, Neurology 31
(3) (1981) 272-281.

M.J. Doughty, Effects of background lighting and retinal illuminance on sponta-
neous eyeblink activity of human study participants in primary eye gaze, Eye
Contact Lens 39 (2) (2013) 138-146.

A. Kawasaki, R.H. Kardon, Intrinsically photosensitive retinal ganglion cells, J.
Neuro Ophthalmol. : Off. J. the North Am. Neuro-Ophthalmol. Soc. 27 (3) (2007)
195-204.

J. Huang, X. Zong, A. Wilkins, B. Jenkins, A. Bozoki, Y. Cao, fMRI evidence that
precision ophthalmic tints reduce cortical hyperactivation in migraine, Cephalalgia
: Int J headache 31 (8) (2011) 925-936.

D.M. Berson, F.A. Dunn, M. Takao, Phototransduction by retinal ganglion cells that
set the circadian clock, Science 295 (5557) (2002) 1070-1073.

D. Kojima, S. Mori, M. Torii, A. Wada, R. Morishita, Y. Fukada, UV-sensitive pho-
toreceptor protein OPN5 in humans and mice, PLoS One 6 (10) (2011) e26388.
L.S. Mure, P.L. Cornut, C. Rieux, E. Drouyer, P. Denis, C. Gronfier, H.M. Cooper,
Melanopsin bistability: a fly's eye technology in the human retina, PLoS One 4 (6)
(2009) e5991.


https://doi.org/10.1016/j.parkreldis.2019.09.010
https://doi.org/10.1016/j.parkreldis.2019.09.010
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref1
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref1
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref1
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref2
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref2
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref2
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref2
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref3
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref3
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref3
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref3
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref4
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref4
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref4
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref4
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref5
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref5
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref6
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref6
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref7
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref7
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref7
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref8
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref8
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref8
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref9
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref9
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref9
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref10
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref10
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref11
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref11
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref12
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref12
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref12
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref12
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref13
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref13
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref14
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref14
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref14
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref15
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref15
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref15
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref16
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref16
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref16
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref17
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref17
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref17
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref18
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref18
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref18
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref19
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref19
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref19
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref20
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref20
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref20
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref21
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref21
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref22
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref22
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref23
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref23
http://refhub.elsevier.com/S1353-8020(19)30387-6/sref23

	Effect of light on blinking in patients with idiopathic isolated blepharospasm
	Introduction
	Methods
	Standard protocol approvals and patient consent
	Study participants
	Clinical assessments
	Lenses
	Photic-stimulator procedure
	EMG data acquisition and analysis
	Statistical analysis

	Results
	Demographics and clinical data
	The correlation between BR and the severity of blepharospasm
	Reduction of the blink rate with tinted lenses

	Discussion
	Funding agencies
	Author contributions
	Financial disclosure
	Acknowledgments
	Supplementary data
	References




