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Abstract
Objective—The objective of these two studies was to assess the efficacy of FL-41 tinted lenses in
the treatment of benign essential blepharospasm (BEB).

Design—A randomized crossover study and a randomized crossover case-control study.

Participants—The first study included 30 subjects with BEB. The second study included 26
subjects with BEB and 26 controls.

Methods—For the first study, subjects were randomized to wear either FL-41 or gray tinted lenses
for 2 weeks. After a two-week washout period, the other lens was worn for 2 weeks. Questionnaires
were completed at baseline, after the first lens, and after the second lens. In the second study, surface
electromyography (EMG) was used to measure blink frequency, duration, and force while subjects
read and wore FL-41, rose, or gray tinted lenses.

Main Outcome Measures—Questionnaires were used to assess perceptions of light sensitivity
and the effect of light sensitivity on activities of daily living. EMG was used to measure blink
frequency, duration, and force.
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Results—Most participants observed improvement while wearing both FL-41 and gray tinted
lenses. FL-41 tinted lenses provided superior improvement in the areas of reading, fluorescent light
sensitivity, overall light sensitivity, blepharospasm frequency, and blepharospasm severity. FL-41
lenses reduced mean blink rate compared to both rose and gray tinted lenses, and reduced eyelid
contraction force compared to rose tinted lenses.

Conclusions—FL-41 lenses provided both subjective and objective benefit to subjects with BEB.
Physicians should consider recommending this noninvasive and inexpensive lens tint to patients with
BEB.

Benign essential blepharospasm (BEB) is a movement disorder characterized by involuntary
spasmodic contractions of the orbicularis oculi. More than 50,000 people, most over age 50
and female, are estimated to have BEB in the United States, with 1,500-2,000 new diagnoses
annually.(1) This physically and socially debilitating condition interferes significantly with
visual performance, quality of life, and activities of daily living (ADL) such as driving, reading
and shopping. In severe cases patients can be rendered functionally blind.(2-6)

Most BEB patients report photophobia, an aversive response and abnormal intolerance to light.
The pain and discomfort of photophobia cause patients to avoid both ambient and bright light.
(7-9) Previous research has indicated that BEB-associated light sensitivity may be a form of
sympathetically maintained pain, supporting the hypothesis that BEB is a neurologic disease.
(8)

Because of the limited understanding of the pathophysiology of both BEB and photophobia,
treatment options have focused primarily on symptom control. One such option is the wearing
of tinted lenses. BEB patients have reported a preference for FL-41, a rose-colored tint that
blocks visible light at the green-to-blue end of the spectrum, over a variety of other tints.(10)
We conducted two studies of FL-41 tinted lenses to assess the effects of photophobia in patients
with BEB. First, we performed a randomized crossover study to compare the perceived
improvement in light sensitivity and ADL provided by FL-41 lenses in subjects with BEB. We
then used surface electromyography (EMG) to evaluate the effects of FL-41 on blink frequency,
duration, and force in subjects with BEB and in controls.

Methods
Study Population

University of Utah Institutional Review Board (IRB)/Ethics Committee approval was obtained.
All study procedures were performed in compliance with prevailing HIPAA regulations. All
study subjects provided informed consent before participation.

BEB subjects were recruited from previous University of Utah BEB studies, Moran Eye Center
outpatient clinics, and the Annual Meeting of the Benign Essential Blepharospasm Research
Foundation. Some subjects participated in both studies. Because discussing the anticipated
outcomes of the study could bias the results, the authors refrained from discussing the
hypothesis and anticipated outcomes of the study with subjects.

BEB subjects were included if they had a history of involuntary contraction of the orbicularis
oculi muscles for one year or more. One of the authors (MKB, RDL, KBD, GS, JW, BJK)
interviewed and examined all participants to ensure that their symptoms were consistent with
only BEB and not with other similar or related conditions (e.g. hemifacial spasm,
oromandibular dystonia, facial tic, orbicularis myokymia, migraine headaches, iritis).

Subjects with prior use of tinted lenses prescribed for BEB were excluded from the subjective
study because we were concerned that they would be biased toward favoring their chosen
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lenses. Because the objective (EMG) study should not be confounded by personal bias, subjects
with prior lens use were not excluded.

Lenses
The lenses used in these two studies utilized three tints: FL-41, a standard gray tint, and a rose
tint specifically designed to mimic FL-41. The gray tint was chosen to match that used in our
previous investigations of BEB and to be representative of the standard tint used in sunglasses
that one might purchase over-the-counter. The rose lenses were tinted in such a way as to be
indistinguishable from FL-41 to both the investigators and the subjects. All lenses were custom
tinted and manufactured to have equal optical densities of 55%. 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 400-700 nm was calculated for each lens. The visible light transmission
(VLT) was also calculated, as this is a common value used to characterize overall lens
“darkness”. VLT is the mean of the visible transmission curve, in percent visible light,
multiplied (weighted) by the photopic response function. The three lens tints differ in their
spectral characteristics in that they all transmit the same amount of light overall, but differ in
their transmission of various colors within the visible spectrum (Figure 1).

Subjects who already wore prescription lenses received clip-on frames with plano tinted lenses
to place over their current spectacle correction. Participants who did not have prescription
lenses wore plano tinted lenses in a standard spectacle frame.

Procedures
Patient Perceptions of FL-41 and Gray Lenses—Thirty patients with BEB completed
a baseline questionnaire, and then were randomly assigned by coin toss to wear either gray or
FL-41 tinted lenses. Patients wore the lenses at all times for two weeks, after which they
completed a second questionnaire. Following the initial trial, the participants went through a
two-week washout period, during which they did not wear any study-related lenses. They then
switched to lenses with the opposite tint, which they wore at all times for a second two-week
period. Finally, they completed a third and final questionnaire.

The baseline and second questionnaires used a six-level Likert scale to rank the improvement
subjects perceived from 0 (no help) to 5 (very significant improvement). The areas assessed
included photophobia specifically associated with being under fluorescent lights, overall light
sensitivity, BEB frequency and severity, and performance of ADLs. The final questionnaire
assessed improvement participants experienced while wearing the second pair of tinted lenses,
and asked participants to directly compare the two tints and to choose the tint that most
improved their BEB-associated symptoms.

EMG Measurement of Blink Frequency, Duration and Force—Thirteen participants
with BEB and thirteen controls compared FL-41 with rose tinted lenses. Thirteen different
BEB participants and thirteen different controls compared FL-41 with gray tinted lenses. Each
participant with BEB first read under calibrated, ambient light (78 foot-candles, approximately
840 lux) for five minutes, wearing the tinted lenses to which he or she had been randomized.
Next, each subject read for five minutes without spectacles, or wearing his or her usual, untinted
reading spectacles. Finally, the subject read for five minutes using the other tint. Total testing
time for each subject was approximately fifteen minutes. In order to standardize recording
conditions, including ambient light, EMG was performed with the patient reading under
calibrated ambient light. We did not have patients perform other tasks during recording such
as watching television or viewing distant objects, as lighting conditions are difficult to control
and could produce artifactual changes in blink parameters.
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EMG was recorded from the left orbicularis oculi using 2 mm disc electrodes. A ground
electrode was placed on the left earlobe. The EMG signal was collected with a Synergy EMG
machine, using a low frequency filter of 20 Hz and a high frequency filter of 20 kHz (Viasys
Health Care, Madison, WI). A five minute recording was obtained under each condition. Blink
frequency was calculated over the entire five minute epoch. A customized, Windows-based
software program measured the duration and root mean square (RMS) voltage of twenty
randomly selected individual blinks.

EMG study subjects also filled out a baseline questionnaire to evaluate symptoms and their
impact on quality of life and ability to perform ADLs. The questionnaire contained items
similar to those assessed in previous studies conducted at this institution.(4,11) Some questions
were derived from a Mayo Clinic Survey on eyelid spasms.(12)

Statistical Methods
In a crossover study, each subject serves as his or her own control. Therefore, the Wilcoxon
signed rank sum test, the non-parametric form of the paired t-test, was used to compare the
improvement reported for the FL-41 versus the improvement reported for the gray lenses. The
McNemar exact test was used to compare subjects who reported moderate or significant
improvement (3, 4, or 5 on the Likert scale) to participants who reported no or minimal
improvement (0, 1, or 2 on the Likert scale). A power analysis showed a sample size of 30
would achieve 80% power to find a difference in means of 0.5. Statistical analyses were
performed by a biostatistician (WL) using STATA® version 8.2 for Windows (StataCorp LP,
College Station, TX).

In the EMG study, the Wilcoxon signed-rank test was performed to compare the differences
in blink frequency (blinks/minute), blink duration (milliseconds), and blink amplitude
(microvolts) when subjects wore different lens tints. Results were considered statistically
significant at a P value of < 0.05. Data analyses were performed by a biostatistician (RH).

Results
Patient Perceptions of FL-41 and Gray Lenses

Twenty subjects were female and 10 were male; mean age was 66 years. Average time since
BEB diagnosis was 12 years. One-third of participants had undergone a myectomy, and two-
thirds were currently receiving botulinum toxin injections. Because nearly all patients with
BEB have dry eye syndrome, artificial tears had been recommended by the patients’ physicians
as part of their treatment. The median overall photophobia score at the time of initial evaluation
was 3.8 on a six-level Likert scale (0=none, 5=maximum severity). Utilizing the same Likert
scale, baseline ADL impairment assessments ranged from 2.2 (shopping) to 3.3 (driving).

Patients perceived greater improvement while wearing FL-41 tinted lenses as compared to gray
tinted lenses for all activities of daily living, light sensitivity, and blepharospasm frequency
and severity (Table 1). This difference was statistically significant for all categories except
driving and watching television.

In each category, the proportion of participants who perceived improvement only with the
FL-41 lens ranged from 17% to 31%, whereas the proportion reporting improvement only with
the gray lens was less than 5%. The proportion of subjects who perceived improvement with
both FL-41 and gray lenses ranged from 13 to 46%. The proportion of subjects who perceived
no improvement or minimal improvement with either lens ranged from 33 to 57% (Table 2).
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EMG Measurement of Blink Frequency, Duration and Force
Results from the baseline questionnaire revealed that nearly all of the 22 female and 4 male
BEB subjects (mean age 62, mean time since diagnosis 10 years) considered themselves to be
at least moderately light sensitive and reported greater light sensitivity during spasms than at
other times. Furthermore, light sensitivity and eyelid spasms affected many ADL. Almost all
subjects reported that they wore tinted spectacles or sunglasses outdoors to decrease eyelid
spasms; many subjects also reported wearing them indoors.

Table 3 summarizes blink frequency, duration, and amplitude data for the comparison of FL-41
and rose tinted lenses. In control subjects, no significant differences were observed in these
three parameters when we compared the FL-41 to the rose-tinted lenses. However, in BEB
subjects, FL-41 lenses reduced the mean blink rate by 7.0 blinks/min compared to rose tint
(P = 0.004). There was also a significant, 6.7 μV reduction in blink force (P = 0.016). There
was no significant effect on blink duration.

Table 4 summarizes results for the comparison of FL-41 and gray tinted lenses. In controls,
we observed no significant differences in the three blink parameters when we compared the
two tints. In BEB subjects, the FL-41 lenses reduced the mean blink rate by 6.4 blinks/min
compared to the gray tint (P = 0.006). There was no significant effect on blink force or duration.

Discussion
All BEB subjects in these studies have characteristics that are similar to those observed in our
and others’ previous studies of light sensitivity and BEB. Specifically, our study participants
report photophobia severe enough to require use of sunglasses and to cause detrimental effects
on ADLs.(4,11,15-19)

Both studies demonstrate that our BEB participants derived a significant benefit from wearing
FL-41 rather than lenses with another tint. The study of subjective perceptions documented
participant-reported decreases in limitations experienced while performing ADL, as well as
decreases in photophobia and spasms, while wearing FL-41 tinted lenses. In the study that
utilized EMG recordings, we found that FL-41 lenses reduced blink frequency compared to
both rose and gray tinted lenses. The reduction in RMS force of individual blink responses
when comparing FL-41 to rose tinted lenses suggests a reduction in the amplitude of the
abnormal contractions, given that RMS voltage is proportional to contraction force.

The reason for the effectiveness of FL-41 lenses in reducing BEB symptoms remains
speculative. Patients with BEB appear to have a particular sensitivity to that part of the visible
spectrum attenuated by FL-41. Thus, it appears that a physiologic difference exists between
BEB and control subjects, who did not display this sensitivity in our investigation. This
physiologic difference might involve one or more ocular mechanisms that transduce certain
wavelengths of light into photophobia in patients with BEB. Our findings suggest that FL-41
lenses are better than other tints at blocking frequencies of light that aggravate BEB symptoms.

In another study we showed that although both FL-41 and gray lenses reduced photophobia,
there was no significant difference between the two tints in the amount of light sensitivity
reduction. This previous study took place in a somewhat artificial situation, in which subjects
were seated in front of a bright, full-spectrum halogen lamp.(11) In the present studies, the
participants wore the tinted lenses while performing “real life” tasks. Furthermore, rather than
making a simple measurement of overall light sensitivity, we have measured blink frequency,
duration, and force.
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Both of these studies had limitations in design and implementation. The subjective perceptions
investigation was not masked, as rose tinted lenses were not a component of the study. One
criticism of the subjective study, which was conducted prior to the objective (EMG) study, was
that subjects with knowledge of FL-41 could be biased toward favoring this lens. Therefore,
when we subsequently conducted the objective study, we added a comparison with a non-FL-41
rose-colored lens. The subjective perceptions investigation did not include objective measures
of blink frequency or force. Since we only used EMG to record blinking parameters during a
single task, reading, it is not possible for us to generalize this result to other ADL.

It might be argued that the wide variation in blink parameters observed in all groups, including
controls, constitutes a limitation of the EMG study. Previous studies of spontaneous blinking
have observed that although normal adults blink at widely variable rates, the blink rate is
constant for an individual under similar conditions.(13,14,20) The differences and range of
blink frequencies found in our subjects are similar to these previous reports.

Not every BEB subject experienced subjective or objective improvement when wearing FL-41
tinted lenses. Therefore, FL-41 tinted lenses should not be used as the sole treatment for BEB,
but rather as an adjuvant to commonly accepted medical and surgical therapies such as
cholinergic medications, botulinum toxin injections and myectomy. It is also reasonable to
surmise that other tinted lenses could be as effective as or more effective than FL-41 lenses.
Future studies could be directed at experimenting with other tints that more sharply attenuate
the frequencies of light blocked by FL-41.

Prescribing tinted spectacles is a safe, non-invasive, and inexpensive means of improving BEB
symptoms. Because a sufficient number of participants derived benefit from the FL-41 tint, we
recommend that physicians offer their patients this option for BEB symptom control. These
tints are commercially available through Brain Power, Inc. (www.callbpi.com; accessed
September 8, 2008), Phantom Research Laboratories, Inc. (www.phantomresearch.com;
accessed September 8, 2008), and the John A. Moran Eye Center Optical Shop
(http://uuhsc.utah.edu/MoranEyeCenter/patientcare/optical_shop.html; accessed September
8, 2008).
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Figure 1.
Lens transmission spectra for lenses used in the study. Average percent visible transmission
from 400-700 nm: FL-41=63.8%, rose=58.8%; gray=51.2%. Visible light transmission (mean
of the visible transmission curve weighted by the photopic response function): FL-41=22.3%,
rose=20.4%. gray=18.9%.
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Table 1
Patient perceived improvement during activities of daily living (ADL) and in blepharospasm symptoms while wearing
FL-41 and gray lenses

ADL and Blepharospasm Symptoms FL-41* Gray* P Value

Driving 2.92 2.20 0.071

Reading 2.19 1.32 0.032

Watching television 2.11 1.54 0.118

Shopping 2.64 1.61 0.046

Fluorescent light sensitivity 2.83 1.87 0.006

Overall light sensitivity 3.00 2.40 0.017

Blepharospasm frequency 2.10 1.10 0.002

Blepharospasm severity 2.13 0.97 0.002

Table values are mean scores reported from a six-level Likert scale (0 = no help at all, 5 = marked improvement).

P values were determined using Wilcoxon sign rank sum test.
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Table 2
Proportion of patients who perceived moderate or very significant improvement with FL-41 lenses only, gray lenses
only, or with both lens types for activities of daily living (ADL) and blepharospasm symptoms

ADL and Blepharospasm Symptoms FL-41 only Gray only Both P-Value

Driving 17% 4% 46% 0.375

Reading 31% 4% 27% 0.039

Watching television 26% 4% 26% 0.070

Shopping 29% 4% 33% 0.070

Fluorescent light sensitivity 28% 3% 41% 0.039

Overall light sensitivity 27% 3% 43% 0.039

Blepharospasm frequency 27% 3% 20% 0.039

Blepharospasm severity 27% 3% 13% 0.039

Table values are the proportion of patients reporting moderate to very significant improvement (3-5 on a six-level Likert scale where 0 =no improvement
and 5 = very significant improvement).

P values were determined using McNemar’s exact test, which tests the difference between the proportion of patients who only perceived improvement
with the FL-41 lens versus the proportion who only perceived improvement with the gray lens.
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