
  | 2011 | 	 • 1 of 9 •

The Canadian Dental Association

ca
ESSENTIAL DENTAL KNOWLEDGE

Published by

jcda

l’Association dentarie canadienne

ca
DES CONNAISSANCES
DENTAIRES INDISPENSABLES

Publié par

jcdaf

  | 2011 | 	

The Canadian Dental Association

ca
ESSENTIAL DENTAL KNOWLEDGE

Published by

jcda

l’Association dentarie canadienne

ca
DES CONNAISSANCES
DENTAIRES INDISPENSABLES

Publié par

jcdaf

Cite this article as: 

J Can Dent Assoc 2010;76:aXXX

The Canadian Dental Association

ca
ESSENTIAL DENTAL KNOWLEDGE

Published by

jcda

l’Association dentaire canadienne

DES CONNAISSANCES
DENTAIRES INDISPENSABLES

Publié par

jadc

Applied
Research

Abstract
Objective: To assess the risk of ocular damage from 4 types of light curing units (LCUs) and to estimate the maximum permissible 
ocular exposure times from each LCU during an 8-hour workday.

Methods: Extracted human maxillary teeth were mounted in a dentoform. Four types of LCUs (plasma arc, low-power and high-
power light-emitting diode, and quartz–tungsten–halogen) were used to cure a simulated restoration in the maxillary central 
incisor from the facial and palatal aspects. To simulate ocular exposure, the spectral irradiance (W/[cm2·nm]) from the LCUs was 
measured 5 times at each of 3 distances (30 cm, 50 cm and 100 cm) from the tooth, using a cosine-corrected probe attached, via a 
fibre optic cable, to a calibrated spectroradiometer. The weighted blue-light and effective ultraviolet (UV) irradiances that would 
be received by the eye from each LCU were calculated.

Results: The maximum permissible daily exposure limits for UV light exceeded 8  hours at all distances and orientations. The 
maximum permissible cumulative daily exposure time to blue light was as low as 6 seconds when curing from the palatal aspect 
with the plasma arc LCU and as high as 1.5 hours when the low-power light-emitting diode LCU was used from the facial aspect. 

Conclusions: The 4 LCUs tested did not pose a risk of UV-mediated ocular damage. The higher-powered lamps showed potential 
to cause blue-light–mediated ocular damage at shorter distances, with damage potentially occurring after cumulative viewing of 
only 6 seconds at the 30-cm distance during an 8-hour workday.
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Evaluation of Ocular Hazards from 
4 Types of Curing Lights

Daniel Labrie, PhD; Justine Moe, DDS; Richard B.T. Price, BDS, DDS, MS, PhD, 
FDS RCS (Edin), FRCD(C); Mitchell E. Young, BSc; Christopher M. Felix, BSc

Dental curing lights have many 
applications in dentistry, 
including photopolymeriza-

tion of resins for pit and fissure seal-
ants, cavity restorations, bonding 
of indirect restorations, orthodon-
tic bonding and tooth bleaching. 
Most of these lights emit intense blue 
light in the 400- to 500-nm wave-
length range, and some also emit in 

the ultraviolet A (UVA) range (315–
400  nm).1-3 Although blue light (and, 
for some resins, UVA light) is essen-
tial for the polymerization reaction 
to occur in light-cured resins,2,4-6 
prolonged exposure to blue and UVA 
light has adverse health effects, espe-
cially ocular damage. The greatest 
ocular hazard related to blue light 
occurs at about 440  nm (close to the 
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peak wavelength of many light-emitting diode 
curing lights), whereas the maximum UV hazard 
peaks at 270 nm.7 Blue light is transmitted through 
the ocular media and absorbed by the retina. At 
chronic low levels of exposure, the blue light ampli-
fies retinal aging and degeneration by causing 
photochemical injury to the pigmented epithelium 
and choroid of the retina.8,9 The clinical manifesta-
tions of retinal damage include acute photoretin-
itis and, in severe cases, premature age-related 

macular degeneration.9 In contrast, UV light is 
primarily absorbed by the conjunctiva, cornea and 
lens before it reaches the retina. Therefore, UVA 
radiation causes corneal injury or photokeratitis, 
as well as cataractogenesis, the transient or perma-
nent opacification of the lens,10 and personnel who 
use curing lights on a daily basis may be at risk 
for ocular damage. It appears that no Canadian 
standards for maximum daily exposure to blue 
light are available, but the American Conference 
of Governmental Industrial Hygienists (ACGIH) 
has published recommendations for maximum 
daily exposure to blue and UV light.7 Based on  
data from animal studies and accidental human 
exposure, the ACGIH guidelines set threshold 
limits for exposure to blue and UV light below 
which human ocular injury is highly unlikely to 
occur.

In the 1980s, studies assessing the ocular 
hazard of quartz–tungsten–halogen (QTH) light 
curing units (LCUs) found that these relatively 
low-power units had little potential to cause ocular 
injury.11-13 The QTH units studied in the 1980s 
delivered irradiances of about 300 mW/cm2, but the 
high-power plasma arc (PAC) and light-emitting 
diode (LED) curing lights used today deliver much 
higher irradiances, up to 3000 mW/cm2 or more, 
and have very different spectral emissions.11-16 To 
date, no data have been published regarding the 
safety of these newer-generation, high-power PAC 
and LED units. The purpose of this study was 
to evaluate the potential for blue and UV light  

Figure 1: Photograph of extracted human maxillary teeth 
in a dentoform, showing position of the light guides as 
applied from the palatal (top) and facial (bottom) aspects.

Table 1  Dental light curing units evaluated

Type and 
model name Serial no. Manufacturer

Mean total 
radiant power 

± SD (mW)

Mean diameter 
of light guide tip 

± SD (mm)

PAC: Sapphire 8759 Den-Mat 
Santa Maria, CA

826 ± 2 8.2 ± 0.1

LED:

SmartLite IQ2 
(low power)

100-13849 Caulk Dentsply 
Woodbridge, ON

325 ± 1 8.6 ± 0.1

Elipar S10 
(high power)

12007892 3M ESPE 
London, ON

740 ± 2 8.8 ± 0.1

QTH: Optilux 501 58140480 Kerr Corporation 
Orange, CA

630 ± 5 9.8 ± 0.1

LED = light-emitting diode, PAC = plasma arc, QTH = quartz–tungsten–halogen, SD = standard deviation. 
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from currently available models of PAC, LED and 
QTH dental curing lights to damage the eye.

Methods

A total of 4 LCUs (PAC, low-power LED,  high-
power LED and QTH) were evaluated (Table 1). 
Each LCU was positioned to simulate curing of 
a restoration in an extracted human maxillary 
central incisor, presented in a dentoform set-up, 
from either the palatal or the facial direction 
(Fig. 1). To simulate usual clinical practice, a rubber 
dam was used, and the teeth were kept slightly 
moist. The spectral irradiance (W/[cm2·nm]) that 
the eye would receive during curing of the res-
toration was measured with a laboratory-grade 
light detector (3.9-mm diameter CC3-UV probe, 
Ocean Optics, Dunedin, FL) attached by a 1-mm 
fibre optic cable to a fibre optic spectroradiometer 
(USB 4000, Ocean Optics), which had a spectral 
range of 300 to 890 nm, fully covering the spectral 
emission from the LCUs. This detector was chosen 
because its diameter (3.9 mm) is similar to that 
of the human pupil. The irradiance received by 
the detector  was measured at 30, 50 and 100 cm 
from the maxillary central incisor to simulate 
clinically relevant distances between a light source 
and the eyes of the operator (30 cm), a dental 
assistant (50 cm) and an onlooker in the operatory  
(100 cm). The equipment was calibrated to a 
National Institute of Standards and Technology 
(NIST,  Gaithersburg, MD) referenced light source 
and zeroed to ambient light. 

When the lights were used from the palatal 
aspect, with the surface of the light guide ori-
ented parallel to the inner surface of the tooth 
at a distance of 1  mm, about half of the light 
guide extended past the incisal edge of the tooth. 
When the lights were used from the facial aspect, 
the surface of the light guide was positioned such 
that light would be incident on the tooth at an 
angle of about 45° at a distance of 3  mm. Thus, 
for curing from the palatal aspect, the light was 
directed at the detector, and for curing from the 
facial aspect, light reflected from the illuminated 
tooth was the major source of radiation. At each 
distance, the position of the detector was adjusted 
to achieve maximum irradiance. Measurements 
were repeated 5 times over a 3-week period and 
averaged to account for variability among clin-

ical personnel in positioning of light guides and 
detectors. As well, the spectral emission and total 
radiant power of each curing light was measured  
at 0  cm from the light guide using the spectro
radiometer attached to an NIST-calibrated inte-
grating sphere.

In accordance with the guidelines set by the 
ACGIH, the spectral emission of each curing  
light was weighted according to the potential  
of its blue-light and UV irradiances to produce 
ocular damage. The spectrally weighted blue-
light and UV irradiances were calculated with  
the functions published by the ACGIH (p. 146–
155),7 as presented below.

Weighted blue-light irradiance (EB):

where 	 EB = effective irradiance as weighted by 
the blue-light hazard function (W/cm2)

 	 Eλ = spectral irradiance (W/[cm2·nm])
	 Bλ = blue-light hazard function (unitless)
	 Δλ = wavelength band width (nm)

Effective UV irradiance (Eeff):

where 	 Eeff = effective irradiance relative to a 
monochromatic source at 270 nm (W/cm2)

	 E λ = spectral irradiance (W/[cm2·nm]) 
	 Sλ = relative spectral effectiveness (unitless)
	 Δλ = band width (nm)

The cumulative maximum permissible daily ocular 
exposure times (tMAX) to blue and UV light from 
each LCU were then calculated by dividing the 
ACGIH-determined threshold limit values (TLVs) 
for blue and UV light by their respective spectrally 
weighted irradiances.7

Maximum permissible daily ocular exposure time 
(tMAX) (s):

where	 Ex = either EB (for blue light) or Eeff (for UV 
light)

E     = ΣE S ∆λλ λef
400

180
f

t         = TLV/E
x

MAX x

E  = ΣE B ∆λλ λB
700

305
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In an 8-hour workday, the TLV is  
10 mJ/cm2 for exposure to blue light and 
3 mJ/cm2 for exposure to UV radiation.7

Results

At a distance of 0 cm, all of the LCUs 
delivered peak irradiance values within 
the blue-light region (400–500  nm),  
and 2 of the units (the Sapphire PAC  
and Optilux 501 QTH units) also deliv-
ered below 400 nm (Fig. 2). The spec-
tral irradiance was negligibly small 
for wavelengths shorter than 380  nm 
because of optical filters within these 
LCUs that filter out the shorter wave-
length UV light. Figures  3 and 4 
show the spectral emission measured 
at 30  cm from each curing light when 
applied from the palatal and facial 
aspects, respectively. Figures  5 and 6 
show the dependence of the weighted 
blue-light and ef fective UV irradi-
ances, respectively, with increasing dis-
tance (d) from the tooth. For an ideal source  
radiating isotropically across all directions, 

the irradiance would decrease with increasing 
distance as 1/d2 (i.e., with an exponent of –2). 
The results obtained show behaviour that 
is very similar to that of an ideal source at dis-
tances from 30 to 100 cm. 

Figure 4: Spectral irradiance received at 30 cm from the tooth when 
the light curing units were applied to the maxillary central incisor 
from the facial direction. PAC = plasma arc, LP LED = low-power 
light-emitting diode, HP LED = high-power light-emitting diode,  
QTH = quartz–tungsten–halogen.

Figure 2: Spectral emission at a distance of 0 cm for the 4 light 
curing units used in this study. Total radiant power (mean ± standard 
deviation) was 826 ± 2 mW for the plasma arc (PAC) unit,  
325 ± 1 mW for the low-power light-emitting diode unit (LP LED), 
740 ± 2 mW for the high-power light-emitting diode unit (HP LED) 
and 630 ± 5 mW for the quartz–tungsten–halogen (QTH) unit. 

Figure 3: Spectral irradiance received at 30 cm from the tooth when 
the light curing units were applied to the maxillary central incisor 
from the palatal direction. PAC = plasma arc, LP LED = low-power 
light-emitting diode, HP LED = high-power light-emitting diode,  
QTH = quartz–tungsten–halogen.
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Table  2 displays measured irradiance values 
for each light at 30, 50 and 100  cm from the 
tooth for both aspects (palatal and facial). At all 
3 distances from the tooth, the blue-light irradi-
ance was greatest for the Sapphire PAC light 
and least for the Optilux 501 QTH light for the  
palatal aspect (Table 3). For the facial aspect, 
irradiance was greatest for the Elipar S10 HP LED 

light and least for the SmartLite IQ2 LP LED light  
(Table 3). For all LCUs, the blue-light irradi-
ance decreased with increasing distance from the 
light source, and was greater for curing from the  
palatal aspect than for curing from the facial 
aspect at all distances. The effective UV irradiance 
was minimal for all curing lights at all 3 distances 
(Table 4).

Figure 5: Weighted irradiance values for blue light for the 4 light 
curing units, displayed on a logarithmic scale. The data show a  
trend for decreasing values with increasing distance. The solid lines 
are least-square fitted to the data points with a slope of –1.8.  
PAC = plasma arc, LP LED = low-power light-emitting diode, HP LED 
= high-power light-emitting diode, QTH = quartz–tungsten–halogen. 

Table 2  Measured irradiance for palatal and facial curing at various distances from the curing light

Aspect and  
light curing unit

Distance; mean irradiance ± SD (mW/cm2)

30 cm 50 cm 100 cm

Palatal

PAC 2.6 ± 0.1 (9.6 ± 0.7) × 10–1 (2.6 ± 0.2) × 10–1

Low-power LED (2.8 ± 0.3) × 10–1 (1.1 ± 0.1) × 10–1 (3.2 ± 0.5) × 10–2

High-power LED (4.5 ± 0.4) × 10–1 (1.8 ± 0.2) × 10–1 (5.0 ± 0.2) × 10–2

QTH (2.6 ± 0.2) × 10–1 (9.7 ± 0.9) × 10–2 (2.8 ± 0.3) × 10–2

Facial 

PAC (8.3 ± 1.1) × 10–2 (3.3 ± 0.2) × 10–2 (9.3 ± 0.7) × 10–3

Low-power LED (2.9 ± 0.3) × 10–2 (1.0 ± 0.1) × 10–2 (2.6 ± 0.1) × 10–3

High-power LED (7.6 ± 0.6) × 10–2 (2.48 ± 0.04) × 10–2 (7.2 ± 0.4) × 10–3

QTH (4.1 ± 0.3) × 10–2 (1.4 ± 0.1) × 10–2 (4.2 ± 1.1) × 10–3

LED = light-emitting diode, PAC = plasma arc, QTH = quartz–tungsten–halogen, SD = standard deviation. 

Figure 6: Effective irradiance values for ultraviolet light for the 
plasma arc (PAC) and quartz–tungsten–halogen (QTH) light curing 
units, displayed on a logarithmic scale. The data show a trend for 
decreasing values with increasing distance. The solid lines are least-
square fitted to the data points with a slope of –1.8. 
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Discussion

The International Organization for 
Standardization (ISO) 10650-1 standard for 
halogen curing lights17 limits the irradiance in 
the region from 190  to 385  nm to no more than 
200  mW/cm2. None of the LCUs tested exceeded 
this limit and no radiation was detected below 

The maximum daily permissible exposure 
times to blue light were lower with curing from the  
palatal aspect than when curing from the  facial 
aspect, and these exposure times increased  as the 
distance from the light source increased  (Table 5). 
For UV light, the maximum permissible duration 
of cumulative exposure exceeded  8 hours a day 
under all curing conditions.  

Table 4  Effective ultraviolet irradiance (Eeff) for palatal and facial curing at various distances from the light 
curing unit, calculated according to the guidelines of the American Conference of Governmental 
Industrial Hygienists7

Aspect and  
light curing unit

Distance; mean effective irradiance ± SD (mW/cm2)

30 cm 50 cm 100 cm

Palatal

PAC (1.1 ± 0.1) × 10–6 (4.0 ± 0.3) × 10–7 (1.1 ± 0.1) × 10–7

Low-power LED None detected None detected None detected

High-power LED None detected None detected None detected

QTH (4.2 ± 0.6) × 10–7 (1.5 ± 0.2) × 10–7 (4.8 ± 0.4) × 10–8

Facial 

PAC (3.6 ± 0.2) × 10–8 (1.5 ± 0.1) × 10–8 (4.2 ± 0.3) × 10–9

Low-power LED None detected None detected None detected

High-power LED None detected None detected None detected

QTH (5.4 ± 0.7) × 10–8 (1.9 ± 0.2) × 10–8 (5.9 ± 2.0) × 10–9

LED = light-emitting diode, PAC = plasma arc, QTH = quartz–tungsten–halogen, SD = standard deviation.

Table 3  Weighted blue-light irradiance (EB) for palatal and facial curing at various distances from the light 
curing unit, calculated according to the guidelines of the American Conference of Governmental 
Industrial Hygienists7

Aspect and  
light curing unit

Distance; mean weighted irradiance ± SD (mW/cm2) 

30 cm 50 cm 100 cm

Palatal

PAC 1.7 ± 0.1 (5.9 ± 0.5) × 10–1 (1.5 ± 0.1) × 10–1 

Low-power LED (1.6 ± 0.2) × 10–1 (6.4 ± 0.6) × 10–2 (1.9 ± 0.2) × 10–2 

High-power LED (3.6 ± 0.4) × 10–1 (1.4 ± 0.1) × 10–1 (4.1 ± 0.2) × 10–2 

QTH (1.4 ± 0.1) × 10–1 (5.9 ± 0.5) × 10–2 (1.6 ± 0.2) × 10–2 

Facial 

PAC (5.0 ± 0.7) × 10–2 (2.0 ± 0.1) × 10–2 (5.8 ± 0.3) × 10–3 

Low-power LED (1.8 ± 0.1) × 10–2 (6.8 ± 1.0) × 10–3 (1.9 ± 0.5) × 10–3 

High-power LED (5.7 ± 0.1) × 10–2 (2.1 ± 0.4) × 10–2 (6.1 ± 0.4) × 10–3 

QTH (2.5 ± 0.2) × 10–2 (8.7 ± 0.4) × 10–3 (2.4 ± 0.4) × 10–3 

LED = light-emitting diode, PAC = plasma arc, QTH = quartz–tungsten–halogen, SD = standard deviation.
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360 nm from any unit. In an 8-hour workday, 
the TLV is 10  mJ/cm2 for exposure to blue light 
and 3 mJ/cm2 for exposure to UV radiation.7 Two 
of the LCUs tested (Sapphire PAC, Optilux 501 
QTH) had spectral emissions extending into the 
UVA range. The 2 LED units had no spectral 
emissions below 400 nm. The effective UV irradi-
ance was negligible for all lights under all curing 
conditions (Table  4). Correspondingly, the max-
imum permissible cumulative exposure times to 
UV radiation would not be reached in an 8-hour 
workday. Dental personnel are therefore not at 
risk for UV-mediated ocular damage from the  
4 LCUs tested, if used under the conditions evalu-
ated in this study. 

In the present study, the PAC unit delivered 
both the greatest total radiant power and the 
greatest weighted blue-light irradiance, because 
most of its spectral emission lies within the 
blue-light range. The peak irradiance values of 
the low-power and high-power LED units were 
close to the wavelength at which maximum blue-
light hazard occurs (440  nm). As such, the LED  
units displayed a greater blue-light–weighted 
irradiance than would be expected from their 
narrow spectral emissions. When the LCUs were 
used from the palatal aspect, about half of the light 
guide extended past the incisal edge of the tooth, 
because of the size of the light guide, the size of 

Table 5  Maximum permissible exposure time to blue light in an 8-hour workday (tMAX) at various distances 
from the light curing unit 

Aspect and  
light curing unit

Distance; mean maximum time ± SD (s)

30 cm 50 cm 100 cm

Palatal 

PAC   5.96 ± 0.40 16.9 ± 1.4 65.2 ± 4.1

Low-power LED 61.7 ± 6.1 158 ± 14 537 ± 50

High-power LED 27.7 ± 3.0 70.5 ± 5.9 243 ± 13

QTH 70.3 ± 6.3 171 ± 14 612 ± 57

Facial 

PAC 201 ± 24 495 ± 31 1740 ± 100

Low-power LED 561 ± 29 1480 ± 180 5430 ± 990

High-power LED 175 ± 39 479 ± 80 1650 ± 93

QTH 396 ± 31 1160 ± 60 4170 ± 570

LED = light-emitting diode, PAC = plasma arc, QTH = quartz–tungsten–halogen, SD = standard deviation.

the tooth and the presence of the rubber dam. 
This simulation reflected clinical reality, and the 
situation could be even worse if more of the light 
guide tip were to extend past the incisal edge of 
the tooth.

The eye has a natural aversion response to 
bright light, which usually limits single expos-
ures to less than 0.25  seconds; however, it has 
been reported that because LED units emit a  
relatively narrow band of radiation, they do not 
always evoke this aversion response.8 For the  
blue-light hazard, the ACGIH-determined max-
imum permissible cumulative exposure times 
were clinically relevant when the detector (the 
simulated eye) was at distances of 30 and 50  cm 
from the light source (Table  5). The shortest  
permissible cumulative daily exposure times and 
the greatest potential for retinal damage occur 
when the light guide is positioned on the pal-
atal aspect of the tooth, with partial exposure 
past the incisal edge of the tooth (Fig.  1). The 
shortest permissible cumulative daily exposure 
(5.96  seconds) occurred with the PAC light for  
curing from the palatal position. For an operator 
whose eyes are 30 cm from a palatally positioned 
light guide, the maximum daily exposure limit 
would be exceeded after two 5-second curing cycles 
with this PAC unit, after two 20-second cycles 
with the HP LED unit, and after four 20-second 
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cycles with the LP LED light or the QTH units. 
In practice, dental personnel may work with their 
eyes even closer than 30 cm from the light source; 
in such cases, the maximum permissible daily 
exposure would be even shorter than those cal-
culated here. Similarly, for dental personnel pos-
itioned 50  cm from a palatally positioned light 
guide, the maximum daily exposure limit would 
be exceeded after four 5-second curing cycles with 
the PAC unit, after four 20-second cycles with the 
HP LED unit, after eight 20-second cycles with 
the LP LED unit and after nine 20-second cycles 
with the QTH unit. These limits represent the 
cumulative permissible exposure within an 8-hour 
period, so they might easily be reached during  
the normal workday of dental personnel. If the 
operator does not wear protective glasses and 
looks at the light for only the first second of the 
curing cycle, before averting the eyes, he or she is 
still at risk: with 1-second exposures to the PAC 
unit, it would take as few as 7 curing cycles to 
exceed the maximum daily cumulative exposure. 
With LCUs becoming ever more powerful over 
time, this maximum daily cumulative exposure 
time will decline.

The exposure times calculated in this study 
follow the ACGIH guidelines for individuals 
with normal photosensitivity. Clinicians must 
remember that patients and dental personnel who 
have had cataract surgery and those who are taking 
photosensitizing medications (such as antimal-
arial drugs, chlorpromazine, St. John’s wort, dim-
ethylchlorotetracycline and 8-methoxypsoralen)18 
will have a greater susceptibility to retinal damage, 
and ocular injury would occur with even shorter 
exposure times.7,8

The ACGIH provides guidelines for exposure 
to blue and UV light, but there are currently no 
restrictions on the maximum irradiance of dental 
curing units that emit light in the 400- to 515-nm 
range,17 nor are there regulations or standards  
governing  how long they can be used on   
patients. Ordinary prescription glasses do not 
prevent penetration of blue or UV light.18 Most  
manufacturers of dental LCUs supply protective 
eyewear, but this protection is not universally 
used. Anyone who uses a curing light should be 
cognizant of the ocular risk to both the user and 
the patient. Both parties should wear protective 

eyeglasses that have been designed to filter out the 
harmful wavelengths from the particular LCU.18,19,20 
Some glasses that filter blue and UV light have 
been shown to reduce the transmission of light 
below 500  nm to less than 1%.11,18,20 In the worst-
case scenario, an operator using appropriate eye  
protection could safely look at the PAC unit at 
a distance of 30  cm for a total of 10  minutes a 
day; this cumulative duration would be reached 
after one hundred and twenty 5-second curing 
cycles with the PAC light. Although this duration 
of exposure is not recommended, it does indicate 
the degree of safety that can be achieved by using 
the correct protective glasses.

Conclusions

The eyes of dental personnel may easily be 
exposed to unsafe cumulative levels of radiation 
from dental LCUs. Higher-powered LCUs showed 
the potential to cause ocular damage mediated 
by blue light at shorter distances, with the poten-
tial damage occurring after cumulative viewing  
of about 6 seconds at a distance of 30 cm (over an 
8-hour workday). Appropriate protective eyewear 
should be used to eliminate this hazard. a
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