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LIGHT RESIN CURING DEVICES - A HAZARD EVALUATION 

Anders Glansholm 

This report has been worked out in an effort to give answers to 
some of the questions concerning curing devices used in the 
odontology. Recently such questions have frequently been submitted 
to the Institute of Radiation Protection and have mainly dealt with 
hazards from an ergophthalmologic point of view. 

Overexposure to visible radiation may result in thermal damages in 
the retina, which are permanent, or retinal photochemical injuries 
(blue light injuries) which are considered to be reversible. 

A sample of devices in the market has· been investigated and the 
results have been compaired to existing recommended exposure limits. 

The radiation in all subjects is emitted from halogen bulbs i.e. 
filament lamps. In earlier devices high pressure mercury lamps could 
be found the ultraviolet radiation of which was used. This is re
cognized as an out of fashion technique since the composites of 
today a·re cured by visible radiation, mainly in the short wavelength 
range. 

The conclusions that can be drawn after the physical measurements 
and some calculations are the following. 

* The ultraviolet radiation level is very low. The device which pro
duced the highest level of ultraviolet radiation gave an irradiance 
of 0.8 Wfm2 at a distance of 10 cm within the wavelength interval 
315-400 nm (UVA). This irradiance could be compared to 50 W/m2 which 
can be achieved in Sweden by the sun. Shortwave ultraviolet radiation 
was not detectable. Thus the ultraviolet radiation could be omitted 
from the hazard discussions. 

* Reflexes from the teeth are harmless. 

'' Thermal damages in the retina are not likely. If the devices are 
handled with reasonable care thermal damages will not occur. Care
fully handling implies that the output tip should not be directly 
viewed at a shorter distance than 10 cm. 

* Blue light hazards exist if the radiant output is directly viewed. 
In the sutmnary-of-results table the longest safe exposure time inter
vals for the different devices are shown. Exposures that may give 
blue light hazards are principally accumulative in time. The shown 
exposure time intervals therefore represent the summed up total ex
posure in a 24-hours period of time. Thus the hazard is dependent on 
the total time of operation in a working day and, abowe all, the aiming 
of the beam. If curing procedures are frequent while the output tip is 
directed towards the dentist's eyes, adequate eye-protectors should be 
worn. 
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MEASUREMENTS 

Instrumentation Spectroradiometer EG&G 585 
Monochromator 585-24D (UV) and 585-22D (visible), 
Detector 585-62 

The spectroradiometer was equipped with, and calib
rated with, an aperture 2.8 mm diameter. 

Calibration source: General Electric DXW 1000 W, cali
brated by the Swedish Testing Institute, Boras. 

Computer HP 85 ahd Multimeter Fluke 8840 A 

The spectral irradiance within 250-800 nm was recorded in 10 nm steps, 
the aiming of the object adjusted for maximum meter reading. The 
measurement distance (a) was 0.4 m~ The diameter of the radiant tip 
was measured with a caliper. 

The maximum spectral radiance as a mean value over the radiant tip 
is given by the formula 

L = E /w 
V V 

where L 
V 

spectral radiance 

E = spectral irradiance 
V 

w is the visual solid angle occupied by the 
radiant tip as seen from the instrument. 

If the diameter of the radiant tip is denoted by d and the measurement 
distance is a, yields: 

L = 
V 

In addition to the direct radiation measurements some measurements of 
radiation reflected from teeth were also performed. The similar in
struments and evaluation principles were used. 

RECOMMENDED EXPOSURE LIMITS 

The spectral radiance within the visible range was weighted against 
the spectral hazard factors given by the American Conference of 
Governmental Industrial Hygienists (A.C.G.I.H.) according to the 
table below. 
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Wavelength Burn hazard Blue hazard 

"A (nm) R B 
V V 

··--· ·------- ••"•"•·-····· ·---- ---------·---

400 1 .o 0.1 
410 4.0 0.4 
420 '1.0 0,9 
430 9.8 0.98 
440 10.0 1 • 0 

450 9.4 0.94 
460 8.0 0.8 
470 6.2 0.62 
480 4,5 0,45 
490 2,2 0.22 

500-600 1.0 10((450-"A)/50) 

600-700 1.0 0.001 

700-1060 10( (700-"A) /515 0.001 
----- ··-------- "--- ---···· .... ····-·- . ------~ --' .. ·--

The applicable exposure limits are: 

Burn hazard 

E L • R • 11"A < 
V V 

Blue hazard 

E L • B · 11\ < 
V V 

or 

1 
al[f 

100 
t 

E L • B • /1"A < 0,01 
V V 

t = exposure duration(1 ~s < t < 10 s) 

L is given in W/cm2sr 
V 

a is the visual angle (plane angle) 
to the source 

(J/cm2 sr) 

(W/cm2 sr) 
4 

t > 10 s. 

The longest safe exposure durations (t) are thus given by: 

Burn hazard t ( 
1 _\

2 
Blue hazard 

a•EL R 11"A "} 
100 

t = EL B b."A 
V V 

V V 
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RESULTS 

Direct exposure 

The longest safe exposure durations for each device are shown in the 
table below. 

The expression for the burn hazard exposure limit includes the visual 
angle of the source. The longest safe time is therefore dependent on 
the viewing distance. Calculations have been done for two distances; 
5 cm which is probably unrealistically short but is choosen to re
present a worst case, and 20 cm which is more likely. The burn damage 
process is known to be very fast. Doubtless the longer exposure times 
calculated are not biological realities but rather pure mathematical 
consequences. If a burn damage has· not occurred within 10 seconds (the 
limit within t is defined) it is the author's belief that it will not 
occur at all. 

The blue light hazards are, on the contrary, accumulative and long 
total exposure times may be relevant. Mathematically the exposure 
limit is also independent of distance. As shown in the table shorter 
safe exposure durations than 4 minutes have been found. 

__________ , ______ -------------------------·- -·-----------·-·-·--·-·--·--·- -·------------------------------. 

Burn hazard 5 cm 20 cm Blue hazard· 

Type q, ZL R t,'A Cl t Cl t ZL B t,'A t': 
V V V V 

(mm) (W/cm 2sr) (s) (s) (W/cm2 sr) (s) 
........ ________ ,_ ----------·- - . --------------· ., -------- -------------·---

Command II 5.5 2.215 0. 11 1 7 0.028 269 0.2195 455 

Focus 8.0 1.842 0' 16 1 2 0,04 184 0.1611 620 

Heliomat H2 
Polymer. 4.8 2,052 0,096 26 0,024 413 0,2001 500 

PI 0. 747 193 3086 0,0561 1785 
c 1 . 221 73 1166 0, 0728 1370 
D2 4. 150 6 101 0.2103 476 
D1 0.813 165 2646 0,0385 2564 
OL 2.325 20 322 0,0070 >10 4 

Lux or 6,7 4.418 0 .134 3 0.034 45 0,4391 227 

Prismalite 5.2 2. 127 0.104 20 0.026 327 0.2122 4 71 

Solid State 
Curing 1 5.2 2. 149 0.104 20 0.026 320 0.2135 468 
Curing 2 2.007 23 367 0 -1992 502 

Clear 4.460 5 74 0.2060 485 
Green 0.406 561 9000 0,0061 >10' 

Translux 
Clear 5.6 2.898 0 .112 10 0.028 151 0.2772 360 
Blue 2.219 16 259 0.2101 475 

Translux CL 7.2 4.434 0.144 2 0.036 39 0,4372 228 

Visilux 2 7.0 2. 124 0. 140 11 0,035 181 0.2109 473 

---------------- - -------- ····--- ----- -------·-------------·---· ------------ .. ------
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Reflected radiation 

Some experiments were done where reflected radiation from teeth 
was measured. Of thesemeasu~ementsthe results of the most insulting 
situation found are described here. The spectral curve below (solid 
line) shows the radiance of a front tooth which is irradiated with 
the Solid State 200, filter curing 1. The positioning was adjusted 
for maximum meter reading. The distance between the radiant tip and 
the tooth was about 1 cm and the measurement distance was 30 cm. The 
dashed line in the same diagram shows the original radiance at direct 
viewing of the unit used. 

Log radiance (W/m 2 nm sr) 
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Evaluated according to A.C.G.I.H. the longest safe exposure durations 
are 18000 seconds (at 5 cm) to avoid burn hazards and 22000 seconds 
for blue light hazards. The conclusion is that the reflexes are harm
less. Reflexes from curved metal surfaces of tools commonly used by 
dentists show figures of the same order of magnitude. Reflexes from 
plane, good mirrors should, however, be regarded as equal to the 
radiant tip itself. 
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EYE-PROTECTORS 

The important requirement for an eye-protector lens is that the 
blue light (400-500 nm) should be damped. Technically such a 
damping is easily achieved in yellow or orange filters made of 
glass or plastic. As an example very typical spectral transmittance 
curves for some filters (Schott) are shown. Among these filters 
OG 515 or OG 530 might work excellently as radiation hazard re
ducing filters. There is no need of particular considerations con
cerning damping or resistance against ultraviolet radiation. 

Transmittance 

0,50 

---t-- -

Wavelength 

A drawback with selective filters, like those discussed, is that they 
certainly will disturb the colour perception when worn. Furthermore 
some disturbance will remain for some minutes in a reversed way after 
that the eye-protector has been taken off, due to colour adaptation. 

The only way to aviod colour vision disturbances is to use neutral 
density filters. However, these will offer strongly reduced visibili
ty. They could be used only if moderate performance from a protective 
point of view is required. The blue light hazards are linearly dose
dependent. Thus a neutral density filter transmitting say 20 % will 
allow a total exposure time which is 5 times as long as the time with
out an .. eye-protector. 



MANUFACTURER: 

Kerr 

TYPE: 

Connnand II 

Lamphousing with fiber 
optics to output handle. 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Teledyne Getz 
USA 

TYPE: 

Focus Activator 

Handheld lamphousing 
with short fiber op
tics output 

LOG RADIANCE (W/m 2 nm sr) 
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MANUFACTURER: 

Vivadent 
Liechtenstein 

TYPE: 

Heliomat H2 

Lamphousing with fiber 
optics to output handle. 

The lamphousing is pro
vided with several diffe
rent filters in a turrent. 

FILTER: 

Polymerisation (blue) 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Vivadent 
Liechtenstein 

TYPE: 
Heliornat H2 

FILTER: 
PI 

LOG RADIANCE (W/rn2 nrn sr) 
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MANUFACTURER: 

Vivadent 
Liechtenstein 

TYPE: 

Heliomat H2 

FILTER: 

c 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Vivadent 
Liechtenstein 

TYPE: 

Heliomat H2 

FILTER: 

D2 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Vivadent 
Liechtenstein 

TYPE: 

Heliomat H2 

FILTER: 

D1 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Vivadent 
Liechtenstein 

TYPE: 

Heliomat H2 

FILTER: 

OL 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

ICI 
England 

TYPE: 

Lux or 

Lamphousing with fiber 
optics to output handle. 

LOG RADIANCE (W/m 2 nm sr) 
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MANUFACTURER: 

Dentsply lnt. Inc 
Canada 

TYPE: 

Caulk Prismalite 

Lamphousing with fiber 
optics to output handle, 

FILTER: 

Clear plastic protector 

LOG RADIANCE (W/m 2 nm sr) 
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MANUFACTURER: 
Solid State Systems 
Corp. USA 

TYPE: 
Solid State 200 

Lamphousing with fiber 
optics to output handle. 

Different filters mount
able to output thread. 

FILTER: 
Curing 1 

LOG RADIANCE (W/m 2 nm sr) 
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MANUFACTURER: 

Solid State Systems Corp. USA 

TYPE: 
Solid State 200 

FILTER: 

Curing 2 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Solid State Systems Corp. USA 

TYPE: 

Solid State 200 

FILTER: 

Clear 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Solid State Systems Corp. USA 

TYPE: 

Solid State 200 

FILTER: 

Green 

LOG RADIANCE (W/m2 nm sr) 

3 

2 

0 

-I 

-2 

-3 

WAVELENGTH (nm) 



MANUFACTURER: 

Kulzer GmbH 
Germany 

TYPE: 

Translux 

Lamphousing with fiber 
optics to output handle. 
The handle could be pro
vided with clear or blue 
output tip. 

FILTER: 

Clear tip 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

Kulzer GmbH 

TYPE: 

Translux 

FILTER: 

Blue tip 

LOG RADIANCE (W/m 2 nm sr) 
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MANUFACTURER: 

Kulzer GmbH 
Germany 

TYPE: 

Translux CL 

Handheld lamphousing 
with short fiber op
tics output 

LOG RADIANCE (W/m2 nm sr) 
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MANUFACTURER: 

3M/Dental Products 
USA 

TYPE: 

Visilux 2 

Handheld lamphousing 
with short fiber op
tics output 

LOG RADIANCE (W/m 2 nm sr) 
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