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A lthough the FL–41 lens was originally designed to reduce flicker, it rarely does so now because of changes in lamp and driver  
technology. If it continues to be effective in reducing photophobia it may be for reasons that are complex and relate to  
cortical excitability.
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I was interested to read the review, “Optical Lens Tinting—A Review of its Functional Mechanism, 

Efficacy, and Applications” by Jared Raabe, Ashwini Kini, and Andrew Lee, which appeared in US 

Ophthalmic Review.1

I am the inventor of the FL–41 lens that features in the article. As the authors point out, the original 

design of the lens was an attempt to reduce the flicker from fluorescent lamps in the days when most 

were operated from magnetic circuitry. The lamps then had a halophosphate coating, a phosphor 

that converted the ultraviolet radiation from the gas discharge to long-wavelength light. The coating  

continued to emit light after excitation by the discharge and, as a result, the light from the lamps  

flickered less at the long-wavelength end of the visible spectrum than at the short.2 The gas discharge 

occurred twice with each cycle of the alternating current electricity supply. This (100 Hz) flicker was too 

fast to be seen, but was shown to be responsible for headaches in office workers in a double-masked 

study that compared magnetic circuitry with electronic circuitry, which reduced the 100-Hz flicker.3

The FL–41 tint had a low transmission of short-wavelength light and thereby also reduced the flicker. 

Good and Mortimer used the tint with school children and compared it with a blue tint, which was 

less effective in reducing headaches.4 The reason for the reduction in headaches from the FL–41 

was most probably the school lighting, which used halophosphate fluorescent lamps operated from 

magnetic circuitry.5

 

Later, the phosphors in fluorescent lamps were changed for more efficient television phosphors 

and it was no longer possible to reduce the flicker much by using spectral filters. Later still,  

high-frequency electronic ballasts became widespread and the problem of flicker from fluorescent 

lighting was solved.  Unfortunately, it is now re-emerging with light-emitting diode (LED) lighting, but 

that is another story.

When I had a laboratory in which the fluorescent lamp could be switched between electronic circuitry 

(flicker-free) and magnetic circuitry (100-Hz flicker), I was asked to see a patient with blepharospasm. 

She was free of spasm until the lighting was switched to magnetic circuitry, and the spasm then 

continued when the lighting was switched back to electronic. The FL–41 tint has been shown to 

reduce blepharospasm, and I therefore wonder whether invisible flicker from fluorescent lighting is 

partly responsible.6

I have no commercial interest in the FL–41 tint, but it continues to be sold in various guises by several 

companies on the internet. As Raabe et al. point out, one possible reason is that the tint reduces 

the stimulation of the intrinsically photosensitive retinal ganglion cells, which have been linked to 

photophobia and are most sensitive at the short-wavelength end of the visible spectrum where the 

FL–41 transmission is lowest.
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However, I would argue that the evidence for a selective role of  

melanopsin in photophobia is not strong, at least as regards the 

photophobia that accompanies migraine. Following the original reports 

by Noseda, Burstein et al., other papers by these authors have shown 

less exacerbation of pain during headache from green light not red, and 

subsequently the same authors have implicated the rods.7–9 In a recent 

review in Cephalalgia, Noseda et al. postulate “abnormal processing 

of light by both cone/rod-mediated image-forming and melanopsin  

non-image-forming visual pathways.”10

So I wonder why the FL–41 continues to be effective in reducing 

photophobia.  Of course, there remains a large number of fluorescent  

lamps controlled by magnetic ballasts, with television phosphors that 

fluctuate in brightness and chromaticity at twice the frequency of the 

electricity supply.2 Even 120-Hz flicker is well within the frequency 

sensitivity range of the retinal cells (electroretinogram signals attenuate 

above 200 Hz), so a colored lens might reduce some of the chromaticity 

fluctuation, and this might reduce fatigue.11

 

However, I think there may be another explanation relating to cortical 

hyper-excitability, as in the paper by Huang et al.12 Photophobia in migraine 

is often conceived as a sensitivity to bright light, but it is so much more. 

Patients with photophobic migraine have an aversion to flicker, and to 

patterns, particularly patterns of stripes (those that are epileptogenic in 

patients with photosensitive epilepsy).13,14 If the photophobia is a symptom 

of a cortical hyper-excitability, which is common in migraine, then the  

hyper-excitability is unlikely to be uniform throughout the cortex (even 

in patients with photosensitive epilepsy, the excitability can involve only 

neurons with particular orientation selectivity).14–16 The limited knowledge 

we have of cortical processing of color suggests that in V2 the cells 

are arranged as per a map of color rather similar to the International  

Commission on Illumination Uniform Chromaticity Scale (CIE UCS) diagram.17

In recent work, we find that when asked to choose lighting comfortable 

for reading, most individuals choose a color of light similar to that which 

they would experience from everyday light sources, both natural (sky 

blue) and artificial (white or yellow). Patients who experience migraine 

with aura, on the other hand, choose a light far more saturated in color 

than is typical of conventional sources of light.18 We hypothesize that the 

color redistributes excitation in the cortex so as to avoid local patches of  

hyper-excitability. There are large individual differences in the color 

chosen, and the choice of color provides little empirical support for 

melanopsin as a source of photophobia.18

In conclusion, the causes of photophobia in migraine involve not only 

bright light, but flickering light and stressful patterns. Flickering light and 

stressful patterns are unnatural, uncomfortable, and a common feature of 

the modern urban environment.19–22  

1. Raabe J, Kini A, Lee A. Optical lens tinting—a review of its 
functional mechanism, efficacy, and applications. US Ophthalmic 
Rev. 2019;12:85–7.

2. Wilkins AJ, Clark C. Modulation of light from fluorescent lamps. 
Light Res Technol. 1990;22:103–9.

3. Wilkins AJ, Nimmo-Smith I, Slater AI, Bedocs L. Fluorescent 
lighting, headaches and eyestrain. Light Res Technol. 
1989;21:11–8.

4. Good PA, Taylor RH, Mortimer MJ. The use of tinted glasses in 
childhood migraine. Headache. 1991;31:533–6.

5. Winterbottom M, Wilkins A. Lighting and discomfort in the 
classroom. J Environ Psychol. 2009;29:63–75.

6. Blackburn MK, Lamb RD, Digre KB, et al. FL-41 tint improves 
blink frequency, light sensitivity, and functional limitations in 
patients with benign essential blepharospasm. Ophthalmology. 
2009;116:997–1001.

7. Noseda R, Kainz V, Jakubowski M, et al. A neural mechanism for 
exacerbation of headache by light. Nat Neurosci. 2010;13: 
239–45.

8. Noseda R, Bernstein CA, Nir R-R, et al. Migraine photophobia 
originating in cone-driven retinal pathways. Brain. 2016; 

139:1971–86.
9. Bernstein CA, Nir R-R, Noseda R, et al. The migraine eye: distinct 

rod-driven retinal pathways’ response to dim light challenges the 
visual cortex hyperexcitability theory. Pain. 2018;160:569–78.

10. Noseda R, Copenhagen D, Burstein R. Current understanding 
of photophobia, visual networks and headaches. Cephalalgia. 
2019;39:1623–34.

11. Berman SM, Greenhouse DS, Bailey IL, et al. Human 
electroretinogram responses to video displays, fluorescent 
lighting, and other high frequency sources. Optom Vis Sci. 
1991;68:645–62.

12. Huang J, Zong X, Wilkins A, et al. FMRI evidence that precision 
ophthalmic tints reduce cortical hyperactivation in migraine. 
Cephalalgia. 2011;31:925–36.

13. Wilkins A, Nimmo-Smith I, Tait A, et al. A neurological basis for 
visual discomfort. Brain. 1984;107:989–1017.

14. Wilkins AJ, Darby CE, Binnie CD. Neurophysiological aspects of 
pattern-sensitive epilepsy. Brain. 1979;102:1–25.

15. Wilkins AJ, Hibbard PB. Discomfort and hypermetabolism. 
Conference paper presented at: 50th Annual Convention of the 
Society for Artificial Intelligence and Simullation of Behaviour 

(AISB), April 1–4, 2014, Goldsmiths, University of London, UK. 
Available at: www.researchgate.net/publication/261724201_
Discomfort_and_hypermetabolism/ (accessed June 4, 2020).

16. Welch KM, D’Andrea G, Tepley N, et al. The concept of migraine 
as a state of central neuronal hyperexcitability. Neurol Clin. 
1990;8:817–28.

17. Xiao Y, Wang Y, Felleman DJ. A spatially organized representation 
of colour in macaque cotical area V2. Nature. 2003;421:535–9.

18. Vieira A, van der Linde I, Bright P, Wilkins A. Preference for lighting 
chromaticity in migraine with aura. Headache. 2020;60:1124–31.

19. Brown E, Foulsham T, Lee C, Wilkins AJ. Visibility of temporal light 
artefact from flicker at 11 kHz. Light Res Technol. 2020;52: 371–6. 

20. Le ATD, Payne J, Clarke C. et al. Discomfort from urban scenes: 
metabolic consequences. Landsc Urban Plan. 2017;160:61–8. 

21. Wilkins AJ, Penacchio O, Leonards U. The built environment and its 
patterns: a view from the vision sciences. J Sustain Des Appl Res. 
2018;6. Available at: https://arrow.tudublin.ie/sdar/vol6/iss1/5/ 
(accessed June 8, 2020).

22. Wilkins A, Smith K, Penacchio O. The influence of typography on 
algorithms that predict the speed and comfort of reading. Vision 
(Basel). 2020;4:18.

http://www.researchgate.net/publication/261724201_Discomfort_and_hypermetabolism/link/0046353557a9b4bbdd000000/download
http://www.researchgate.net/publication/261724201_Discomfort_and_hypermetabolism/link/0046353557a9b4bbdd000000/download

