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Introduction

Light can induce damage to the neurosensory retina and the retinal pigment epithelium (RPE) through photothermal, photomechanical,
and/or photochemical mechanisms.The particular culprit mechanism depends on the wavelength and exposure duration of the
injurious light and the mechanism can be multifactorial and overlapping [1]. Although the eye has different inherent protective
mechanisms, these mechanisms can be overcome by hazardouslight exposure resulting in temporary or permanent damage to the
retina or the RPE[2]. The use of more powerful modern light sources in both anterior and posterior segment surgery in addition to the
increase in surgical complexity requiring longer operative times especially during ophthalmic training have rendered photic injury a
real danger for all surgeons [3]. Irreversible thermal damage in the retina typically occurs only after the ambient temperature in the
retina is raised by at least 10°C and the ability of light to induce such thermal damage is inversely proportional to its wavelength. The
most common clinical example of photothermal damage is retinal photocoagulation.Photomechanical damage results from rapid
introduction of energy into the melanosomes of RPE resulting in mechanical compressive or tensile forces. These compressive and
tensile forces may result in shock waves that can result in permanent damage to the RPE or photoreceptors. The amount of damage is
related to the rate of delivery and amount of energy absorbed. Photochemical damage is thought to result from the exposure of retinal
tissue to excessively generated free radicals. Photochemical damage is associated with both long-duration exposure times as well as
lower-wavelength (higher-energy) light exposure and is the most common mechanism by which light exposure causes retinal
damage[1], [2]. With the recent advances in smartphone cameras, smartphone indirect clinical retinal photographyis becoming a
popular medical practice and opens new horizons in telemedicine[4], [5],[6], however there are growing concerns about the safety of
smartphone’s flash light on the neurosensory retina and RPE[7],[8]. Flash light ofiPhones 4[7], iPhone 6 and iPhone 6S[8]
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smartphones were found to be within the safe limitsof exposure when used in indirect smartphone fundus photography in two separate
studies. While iPhone may be leading the smartphone markets in North America and Western Europe [9], [10], [11], [12]; Android
phones particularly Samsung type phones are more popular in Egypt and represented the vast majority of the smartphone market share
in Egypt for at least the last 3years[13]. Here in we study the safety of four widely used Samsung smartphones on the retina when used
for indirect smartphone retinal photography.

Methods

The aim of this study was to assess the spectral profile, weighted retinal irradiance, and thermal exposure rates produced by Samsung
Galaxy S4, Samsung Galaxy S5, Samsung Galaxy Grand and Samsung Galaxy note 7 phones during indirect retinal photography. It
involved measuring the focused light emittedby theLED flashlightsource of the aforementioned four types of Samsung smartphones
(Seocho, Seoul, South Korea) when collimated bythree different condensing lenses one at a time. Forty diopter, 30-diopter, and 20-
diopter indirect fundoscopy lenses (Volk, Mentor, OH, USA) were used. The set-up of the experiment involved securing the LED
light source of the smartphonel5 cm Infront and centered on the examiner’s side of the condensing lens being tested. A
spectroradiometer(RPS900-R, International LightTechnologies, MA) and Digital lux meter GM1010, (Benetech, Shenzhen, China)
were used to measure the spectral profile and the radiant power at a focal length behind the condensing lenses, respectively. The study
was conducted in a light-controlled ophthalmology office with care was taken to make sure that the LED flashlight source of the
smartphone, the center of the condensing lens and the sensor of the spectroradiometer/the digital lux meter are along the same axis
(Figure-1). In order to minimize background light noise, the light of the ophthalmology office was turned off, the blackout shades
were turned down and the smartphone’s screen background light was turned to minimum. The phones being tested were maximally
charged and the LED flashlight was set at maximumbrightness. Three measurements were taken for each parameter and the average of
them was used as a final measurement.

Fig-1: Set up simulating smartphone indirect retinal photography showing A- The LED light source of the smartphone, B- Indirect
ophthalmoscopy lens & mount, C- Digital lux meter; all aligned together.

Results

The light spectra of the LEDflashlights are between 400nm and 750 nm (represented in Figure -2) with no significant ultraviolet
irradiance or infra-red component. The majority of spectrum fell in the short wavelength blue-green spectrum. The weighted retinal
irradiance at the focus of each lens ranged from 0.619 to 1.302 mW/cm?®. More details in table-1. There was no measurable thermal
effect after 3 minutes of continuous flashlight exposure from either of the tested smartphones with either of the used lenses.
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Fig-2: The spectral profile of A- Samsung note-7 (Black), B- Samsung S-4 (Blue), C-Samsung Grand (red) & Samsung S-5 (orange)
LED flashlight.
Weighted retinal irradiance

Tablel: Weighted retinal irradiance of the four Samsung smartphones using +20, +30 & +40 Volk indirect ophthalmoscopy lenses.

Phone 20 Volk 30 Volk 40 Volk

Note 7 1.192 mW/cm* 0.723 mW/cm” 0.824 mW/cm”

S4 1.281 mW/cm? 0.8325 mW/cm? 0.916 mW/cm?

Grand 1.302 mW/cm? 0.729 mW/cm? 1.045 mW/cm?

S5 1.272 mW/cm? 0.619 mW/cm? 0.836 mW/cm?
Discussion

Studies showed that 98%-100% of physicians in different specialties own smartphoneswith the iPhone representing the leading device
in use by physicians in the United States and in the UK. A survey conducted in the United Kingdom showed that 75% of junior
doctors own an iPhone. [12],[14], [15], [16]. Smartphone use in clinical practice is gaining growing popularity in different clinical
practices including ophthalmology. Indirect retinal photography using the smartphone’s camera and LED flashlight allows good
quality photography and videography of the retina and the optic disc when used in conjunction with indirect ophthalmoscopy
condensing lens. This opens new horizons in terms of clinical training and teleconsultations. Prior studies showed that flashlight of
iPhones 4, iPhone 6 and iPhone 6S smartphones to be within safe limits when used in indirect smartphone fundus photography. In
Egypt, Android smartphones are more prevalent and Samsung phones lead the market share[13]. Therefore, we conducted this study
to evaluate thephotobiological hazard of a sample of Samsung smartphones’ flashlight when used for indirect retinal photography.
Although the spectral profile of the 4 tested smartphones in this study fell in the safe spectral wavelength between 400-720 nm with no
significant infrared or ultraviolet components (Figure 2), the majority (60-70%) fell in the short wavelength blue light spectrum.A
similar finding was observed in prior studies of iPhone 4, 6, and 6S where the blue spectrum consisted the majority of iPhone 6 and
6S[8] and about 70% of iPhone 4.[7]

There is much biological evidence that short wavelength light has serious phototoxicity for the retina and for the retinal pigment
epithelial cells.This biological effect of short wavelength blue light has long been a concern for the risk of the development of retinal
disorders including age related macular degeneration (AMD) [17],[18]. Several studies demonstrated that cataract surgery in elderly
patients, with consequent aphakia or pseudophakia, is associated with an increased risk for AMD This observation was based on the
hypothesis of absence of the short wave length blockade by the yellow ageing crystalline lens after cataract extraction.[19], [20],
(21], [22].

To protect the retina and retinal pigment epithelial cells from the hazards of exposure to short wavelength light after cataract surgery,
several types of blue light blocking yellow tinted intraocular lenses have been developed, which absorb a great deal of the short
wavelength light[17]. Likewise, yellow tinted indirect ophthalmoscopy lenses were introduced to decrease the load of short wave
length blue light focused on the retina during the exam and decrease patient discomfort[23]. Unfortunately, we do not own a yellow
tinted indirect ophthalmoscopy lens to study its use in conjunction with smartphone indirect fundus photography at our office. The
weighted retinal irradiance at the focus of each lens ranged from 0.619 to 1.302 mW/cm?2. More details in table-1.Smartphones are not
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considered as a standard ophthalmic instruments, and they fall in Group 2continuous-wave instruments according to the International
Organization for Standardization (ISO15004-2.2) classification of ophthalmic instruments. The ISO have set 706 mW/cm2as the limit
for Group 2 instruments which they should be at least 1 order of magnitudebelow it to avoid retinal damage [24]Weighted retinal
irradiance of the LED flashlight of the four tested smartphones are within safe limits. Weighted retinal irradiance appeared to be
slightly higher in 20-diopter more than 40 diopter more than 30 diopter Volk lenses used in this study. This slight difference is likely
attributed to a corresponding difference in the diameter of the corresponding lens, rather than an effect of the power of the lens.

In our study, we evaluated the safety of the LED flashlight of 4 different popular Samsung smartphones when used with 3 different
indirect ophthalmoscopy collimating lens powers in a set up simulating indirect smartphone retinal photography (Figure-1). Samsung
smartphones are the leading brand in the Egyptian smartphone market share for at least the last 3 years[13]. This study shows that the
use of LED flashlight of the 4 tested Samsung phones are within safe limits when used in conjunction with an indirect
ophthalmoscopy lens for indirect retinal photography. Similar to prior studies of iPhone 4, iPhone 6 and iPhone 6S, the majority of the
spectral outcome of the LED flashlight source of the four tested smartphones in this study fell in the short wavelength spectrum
(figure-2). This probably results in patient discomfort and is concerning for retinal phototoxicity in case of repeated prolonged exams.
We wonder if the use of yellow tinted indirect ophthalmoscopy lens may provide reduction of the blue short wave length light load
and probably may increase the patient’s comfort and protect the retina and retinal pigment epithelium. Unfortunately, we do not own a
yellow tinted indirect ophthalmoscopy lens at our office. Limitations of this study includes that other types of popular smartphones
like Huawei, HTC and LG smartphones were not tested. Future prospects include testing the safety of other brands of smartphones and
studying the potential protective effect of yellow tinted indirect ophthalmoscopy lenses.

Conclusion

The use of the Samsung smartphones assessed in this study appears to be safe for indirect fundus photography, however the high
composition of the blue light component is concerning for photochemical toxicity with prolonged and repeated recordings. A follow
up study for the safety of different unstudied smartphones (e.g. Huawei, HTC and LG smartphones) and the potential benefits of the
use of yellow tinted indirect ophthalmoscopy lensis recommended.
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