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ABSTRACT
Background: Many recent studies have focused on the potential hazards of blue light exposures to ocular
health. One group with a unique blue light exposure risk is dentists, who use curing lights that emit intense
blue light during restorative procedures. During these procedures, dentists often experience brief ocular
exposure to these lights. The purpose of the present study was to explore whether such exposures may have
an effect on the vision and ocular health of dentists.
Methods: A group of 12 dentists who had experienced curing light exposure over a period of 10 or more
years were compared to a group of eight control subjects with no such exposure. The subjects were tested
for visual acuity and contrast sensitivity. Their retinas were examined using fundus imaging and optical
coherence tomography. Macular pigment optical density was measured. The likelihood that brief blue light
exposure could lead to ocular effects was further explored by subjecting a retinal pigment epithelial cell
(RPE) line to such exposures.
Results: Although no visual defects or ocular pathologies were found in either group, the dentist group
differed from the control group in having increased macular thickness (P < 0.02), a higher incidence of
macular vessel tortuosity (P < 0.05), and greater variance in their macular pigment optical density values
(P < 0.01). RPE cells that received blue light exposure similar to those sustained by dentists demonstrated a
change in physiology.
Conclusions: Retinal changes were found in dentists, which, while not pathological in themselves, are
associated with some retinal pathologies. Further studies are necessary to determine whether these signs
correlate with the degree of curing light exposure and to determine whether they eventually develop into
pathological conditions.
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INTRODUCTION
Resin-based materials are commonly used in dentistry for restorative procedures, such as the repair of cracked
or chipped teeth or dental fillings [1, 2]. Many of these resins are cured by exposure to blue light [1]. Light is
produced by hand-held devices that can emit blue light at intensities exceeding 1 watt per centimeter squared
(W/cm2). A common practice among dentists is to view the area being treated briefly when the curing light
is first activated, to ensure that the light is properly positioned, and then to either look away or view through
blue light filtering lenses during the remainder of the exposure period [1]. This practice can lead to repetitive,
brief exposure to high-intensity blue light.
Numerous laboratory studies have demonstrated that exposure to blue light can damage elements of the
retina, including retinal pigment epithelium (RPE) cells [3-10]. Damage to cultured RPE cells can occur
at blue light intensities in the 0.2‒20-mW/cm2 range [4, 7, 10, 11]. The prospect of damage to RPE cells
resulting from blue light exposure is concerning, because dysfunction of these cells is thought to contribute
to the pathology of several ocular disorders, including age-related macular degeneration (AMD) [12, 13].
The relationship between blue light exposure and AMD is supported by population-based studies, which
found that higher levels of exposure to sunlight can increase the incidence and severity of AMD [14-17]. This
harmful effect of sunlight is almost certainly due to its blue light component, since light in this wavelength
range is the most damaging to cells of the retina [3-7, 11, 18, 19].
Unlike the short exposure that occurs in dental practice, however, the blue light exposures experienced in
laboratory experiments, and even more so in population-based studies, generally lasted for hours and were
sometimes repeated over many years [3-11, 14-19]. This difference in exposure conditions makes it difficult
to generalize the consequences of blue light exposure in these studies [3-11, 14-19] to what might occur after
repeated, brief exposures to curing lights. However, it is possible that the curing light exposure experienced
by dentists during restorative dental procedures, although brief, is sufficient to produce detrimental ocular
effects.
To explore this possibility, the present study compared the vision and ocular health of dentists who have
experienced brief exposure to intense blue light over a period of years to those of individuals with no such
exposures. In addition, it examined whether brief, repeated blue light exposure can affect the functioning of
retinal cells in vitro, using an RPE cell line culture.

METHODS
This case‒control and in vitro study was approved by the Midwestern University Institutional Review Board.
All subjects gave their informed consent for participation. The subjects were divided into a dentist group (n =
12) and a non-dentist control group (n = 8). A survey was utilized to determine curing light exposure, ocular
health, and patient demographics. The dentist group reported experiencing 0.5‒45 brief blue light exposure
events from curing lights per month (mean ± standard deviation for the number of blue light exposures = 10.9
± 16.4) compared to the control group, who experienced no curing light exposures. Prospective subjects with
less than 10 years of dental practice (for the dentist group only); retinal diseases, such as glaucoma, AMD, or
diabetic retinopathy; cataracts, with the exception of trace nuclear sclerotic cataracts; and use of high ocularrisk drugs, such as Plaquenil™, were excluded from the study.
Best-corrected distance visual acuity (BCDVA) was measured using either a Snellen or Early Treatment
Diabetic Retinopathy Study (ETDRS) chart, and contrast sensitivity (CS) was measured using a Mars Letter
Contrast Sensitivity Chart (Mars Perceptrix Corporation, Chappaqua, NY). ETDRS acuity was converted
to Snellen acuity before analysis [20]. Macular pigment optical density (MPOD) was measured using a
Quantif Eye MPS II™ instrument (Zea Vision, Chesterfield, MO, USA).
Optical coherence tomography (OCT) was performed using a Spectralis HRA + OCT™ (Heidelberg,
Germany). To reduce variability in the results as well as possible investigator bias, all persons performing
OCT scans received the same training in the operation of the instrument, performed scans on both dentists
and controls, and were blinded to any measurements made from their scans until all images were analyzed.
The thickness of the central subfield (SCF) (i.e., a 1-mm-diameter area centered on the fovea) was measured
automatically during OCT. The scans were then examined independently by two optometrists (MRK and ST)
to identify any gross retinal abnormalities or defects.
Retinal images were captured using either the OCT instrument, a Daytona™ ultrawide-field imager
(Optos, Dunfermline, UK) or a TRC-NW400 fundus camera (Topcon, Tokyo, Japan). Optos imagers and
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OCT instruments produce en face macular images at least as good as those produced by fundus cameras
in terms of imaging inner retinal pathology [21, 22] All operators of each instrument received the same
training, and images of both dentist and control retinas were captured on all instruments. The images were
then examined independently by two optometrists (MRK and ST) to identify any gross retinal abnormalities
or defects.
The blood vessel course was assessed in an area within two optic nerve diameters of the fovea, using fundus
photographs and en face displays of OCT scans. The images were rated for increased blood vessel tortuosity
by an optometrist (MRK) skilled in viewing such images, and who was blinded to group allocation. An image
was graded as having increased tortuosity if one or more vessels contained at least four arcs with a sagitta equal
to or greater than the diameter of a retinal vein at the optic nerve head from the same image. For statistical
analysis, each subject was assigned a value of 0, 1, or 2, depending on whether increased tortuosity was seen in
no retina, one retina, or both retinas, respectively.
Effects of blue light exposure on RPE cells were investigated. Cells of a human RPE cell line (ARPE-19;
American Type Culture Collection [ATCC], Manassas, VA) were cultured to confluence in Dulbecco’s modified
Eagle’s medium (ATCC) with 1% fetal bovine serum in T25 flasks for 1 month. These culture conditions
promote the development of an RPE-like morphology [23, 24]. The flasks were then exposed to blue light from
an UltraLume 5 LED® dental curing light (Ultradent Products Inc., South Jordan, UT) from Monday through
Friday, over a period of 4 weeks. Each area of the flask was exposed to blue light at an intensity of 2 mW/cm2
for approximately 0.5 s to simulate the brief exposures experienced by dentist during curing procedures. Two
flasks were given no exposure (control) and one each was given 1, 3, or 10 exposures, spread evenly over a
1-hour period, each day. At the end of the 4-week exposure period, the cells were re-plated in triplicate and were
stained for senescence-associated beta-galactosidase (SABG) activity, using a commercial kit (Fisher Scientific,
Waltham, MA). A Moticam 5 digital camera™ (Fisher Scientific) attached to a Motic™ inverted microscope
(Fisher Scientific) was used to photograph the cultures in the T-25 flasks before they were dissociated and to
capture one image from the same location in each of the triplicate plates of the re-plated cells. These images
contained 29–125 cells. An optical density quantification program (GelAnalyzer®) was used to measure the
optical density of the SABG-staining of each cell in these images.
Analyses were performed using IBMTM SPSSTM Statistics for Windows, version 27.0 (IBM Corp., Armonk,
N.Y., USA). Individual mean values were compared using t-tests. Group data were compared using analysis of
variance (ANOVA), and variances were compared using an F-test. The predetermined significance level for
rejection of the null hypothesis (alpha) was 0.05.

RESULTS
The average age of subjects in the dentist group (mean ± SD, 62 ± 4 years) was not significantly different from
that of subjects in the control group (mean ± SD, 58 ± 5 years; t-test, P > 0.05). The measurement of BCDVA
also revealed no significant difference between the dentist and control groups (mean ± SD, 20/16 ± 4 and
20/16 ± 2, respectively; Snellen notation, t-test, P > 0.05), and contrast sensitivity also did not differ between
the two groups (mean ± SD, 1.75 ± 3 and 1.74 ± 5 cycles per degree, respectively; t-test, P > 0.05). In addition,
OCT scans and fundus photographs revealed no pathologies in the retinas of either group.
However, OCT scans revealed a difference in the average thickness of the central subfield (CSF) of the
retina between the two groups. Although the values for both groups were within a standard deviation of the
reported CSF thickness in healthy eyes (mean ± SD, 271.4 ± 19.6 µm) [25], the CSF thickness of the dentist
group (mean ± SD, 285.3 ± 21.7µm) was significantly greater (t-test, P < 0.02) than that of the of the control
group (254.4 ± 33.3 µm; Figure 1). Within the dentist group, there was no correlation between CSF thickness
and the monthly frequency of exposure to curing light (ANOVA, P > 0.05). Blood vessel tortuosity also
differed significantly between the two groups (t-test, P < 0.05), with nine of the 12 subjects in the dentist
group meeting the criterion for tortuosity in at least one macula, as compared to only two of eight subjects in
the control group (Figure 2).
A further difference between the two groups was noted during the measurement of MPOD. The variance in
the MPOD values was found to be significantly greater in the dentist group than in the control group (F test,
P < 0.01, Figure 3). On the other hand, the mean MPOD values for dentists (mean ± SD, 0.46 ± 0.25 density
units) and controls (mean ± SD, 0.35 ± 0.09 density units) were not significantly different (t-test, P > 0.05),
and there was no significant relationship between MPOD and the reported number of curing light exposures
per month in the dentist group (ANOVA, P > 0.05).
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Figure 1

Figure 1. Macular thickness, measured by optical coherence tomography (OCT) as the central subfield. Boxes enclose the second
and third quartiles. The average macular thickness of the dentist group was significantly greater than that of the control group
(t-test, P-value < 0.02). The horizontal line in each box represents the median value and “X” represents the mean value. Error bars
indicate standard error.

Figure2

Figure 2. Examples of the fundus of a dentist who met the criteria for blood vessel tortuosity (A and B) and that of a control subject
who did not (C and D).
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Figure 3

Figure 3. Comparison of Macular pigment optical density or MPOD (average of both eyes) between subjects in the dentist group
and in the control group. Graph parameters are as shown in Figure 1.
f4

Figure 4. A typical ARPE-19 cell layer not treated with blue light before dissociation and staining for senescence associated betagalactosidase (SABG). Cells show a cobblestone-like arrangement and are beginning to produce pigment.

Effect of brief blue light exposure on RPE cells was studied as follows. ARPE-19 cells cultured in T25
flasks formed continuous monolayers and developed cobblestone-like arrangements and pigmentation, as
previously reported (Figure 4) [26]. When the layers were dissociated and the cells were immediately replated for SABG-staining, the cells displayed a moderate amount of staining, as previously reported (Figure
5A) [27].
The cells dissociated from layers that had been subjected to short, daily exposures to blue light (2 mW/cm2)
for 4 weeks showed no significant change in their levels of SABG staining as compared to unexposed cells when
1 or 3 exposures were given per day. However, when 10 exposures were administered per day, the density of the
SABG staining was reduced by 11% after 4 weeks (1-tailed t-test, P < 0.05) (Figure 5).
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F5

Figure 5. Effect of repeated, short exposures to a curing light on the physiology of retinal pigment epithelium (RPE) cells. (A)
Senescence associated beta-galacosidase (SABG)-staining of cells dissociated from RPE layers that had not been exposed to flashes
of blue light. (B) SABG-staining in cells exposed to 10 curing light flashes per day for 4 weeks. (C) Level of SABG-staining as a
function of the number of blue light exposures per day, over a period of 4 weeks. The asterisk indicates a significant difference from
the level of untreated cells (1-tailed t-test, P < 0.05).

DISCUSSION
The present study found that dentists who use curing lights in their practice demonstrate changes in their
retinal organization. These changes consisted of thickening of the macular CSF region, increased blood vessel
tortuosity, and higher variability in MPOD. These changes may be due to curing light exposure, since, during
a dental procedure, the radiation from curing lights sometimes shine into the dentist’s eye either directly or
by reflection from a bright surface, such as tooth enamel. Curing lights, such as the UltraLume 5 LED® curing
light used in the present study, emit blue wavelength light at high intensities [1, 2, 28]. These intensities exceed
those reported to cause damage to retinal cells in experimental studies [4, 7, 10, 11]. The durations of blue light
exposure experienced by dentists are, however, much shorter than those used in experimental studies, which may
mitigate such damage.
To investigate whether brief exposure to blue light might affect the functioning of retinal cells, ARPE-19 cell
layers were subjected to short periods of blue light exposure at an intensity in the range that has been shown to
affect RPE cell physiology with prolonged exposure [4, 5, 7, 29]. Although there is some question regarding the
validity of ARPE-19 cells as a model for native RPE cells, these cells appear to be a suitable model when cultured
under the appropriate conditions [30]. The length of the ARPE-19 cell exposure in this study was chosen to
mimic that of unintentional curing light exposure during dental procedures. Brief exposure of ARPE-19 cells to
blue light reduced their SABG activity, similar to that observed with prolonged exposure [29]. Reduced SABG
staining may be due to a decrease in lysosomal activity [31]. This result is consistent with the concept that even
brief exposures to curing light radiation, such as experienced by dentists, could be hazardous to the retina.
Further evidence of a potential retinal hazard of curing lights use was found by comparing the vision and
retinal health of dentists who had experienced repeated blue light exposure and those of control subjects. These
comparisons revealed no evidence of an effect of blue light exposure on BCDVA or on contrast sensitivity.
Likewise, the average MPOD values did not differ between the two groups. However, there were increases in
macular CSF thickness, macular blood vessel tortuosity, and MPOD variability in the retinas of the dentists
compared to that of the controls. Increases in macular CSF thickness and blood vessel tortuosity, such as that
observed in the dentist group in this study, are also seen in the development of epiretinal membranes (ERMs)
[32, 33]. However, no other signs of ERMs, such as increased macular reflectance, changes in the topography
of the foveal pit, reduced contrast sensitivity, or reduced MPOD, were observed in the present study [32, 34,
35]. Similarly, although the broader range of MPOD values in the dentist group than in the control group was
consistent with a disturbance of macular pigmentation, other evidence of a disruption of macular pigmentation,
such as the mottling associated with AMD, was not observed [36].
We investigated whether one of the changes seen in the dentist group, i.e., increased CSF thickness, correlated
with the frequency of blue light exposure, but found no relationship. This raises the possibility that the retinal
changes seen in the dentist group were not due to blue light exposure, but rather to some other element in the
practice of dentistry. On the other hand, the reporting of blue light exposure by dentists was only an estimate
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and may, therefore, have been somewhat inaccurate. In addition, the frequency, rather than the number of
exposures, was used to investigate the correlation. Increased CSF thickness may have a better correlation with
total exposures. Future studies are needed to quantitate the amount of blue light exposure from curing light
experienced by dentists more carefully and to determine whether there is a correlation between the level of
exposure and retinal changes, such as those seen in the present study.

CONCLUSIONS
The present study did not find any visual defects or retinal pathologies in the group of dentists, nor did it establish
that the retinal changes that were seen in the dentist group were the result of curing light exposure. Even so, the
fact that retinal changes were found in the dentist group is concerning, particularly since these changes resemble
signs that occur in some types of ocular pathologies. In addition, the finding that brief exposure to blue light can
affect the functioning of retinal cells raises the possibility that these changes seen in dentists may be related to
curing light exposure. Further studies with more thorough accounting of the frequency and number of curing
light exposures will be needed to verify the relationship between such exposures and the occurrence of the retinal
changes seen in this study. In addition, dentists exposed to curing light will need to be followed for a longer
period of time to determine whether the retinal signs seen in this study develop into frank retinal pathologies.
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