
Indium Light Source for Curing 
Composite Resins

Indijev svjetlosni izvor za polimerizaciju kompozita

Sumary
There is an existing problem of cummulative hazarduos effect 

of violet and near ultra-violet light which is produced by standard 
polymerisation units. Another restrict is shallow depth o f cure, par
ticularly o f darker composite shades in premolar and molar region. 
Searching for better light source we used indium resonance lines 
from several indium high pressure lamps and tested curing effect 
on three different composite resins. The overall results are better 
with the lamp in which two strong resonance lines o f indium are 
present, rather than with a lamp with just one strong resonance line. 
The improvements in lamp design are necessary to overcome conven
tional polymerisation lamps.
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Introduction
In a recent experiment we investigated spectral 

distributions of several commercial light sources 
for the polymerisation of light cured composite 
materials (1). We were interested in the shape 
and extent of these spectral distributions, espe
cially below 400 nm, where the human retina 
may be affected in clinical use (2, 3). We con
cluded that the development of a monochromatic 
source of incoherent or coherent light with nar
row spectral distribution peaking at the wave
length of about 468 nm, where the polymerisa
tion of the composite materials is most effective, 
would be highly prefered. In another experiment 
we have tested zinc high pressure lamp and com
pared it with sodium lamp filled with mercury 
or cadmium (4).

In this paper we would like to present the 
results of investigations in which we used a in
dium halide high pressure lamp.

Material and methods
The lamp is very similar to comercial In-Th-Na 

iodide high pressure lamps of 400 Watt, but 
without thallium and sodium iodides. Four lamps 
were investigated and the spectra of two are 
reported here. The first lamp had the dominant 
emission within two pronounced resonance spec
tral lines of indium atoms at 410.2 and 451.1 
nm and the other only one strong line at 451.1 
nm. The former lamp has violet-blue color and 
the latter more bluish color, relatively pleasant 
to the human eyes. In the present experiment 
we did not measure temperature effects of the 
investigated laps on the composite sample (5, 6 ,
7).

The lamps had a quartz burner 5 cm long and
2.5 cm in diameter. They were equiped with 
standard inductive ballast and ignition device. 
The light from the discharge laps was spectrally 
resolved by a monochromator (SPM-2, Carl
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Zeiss) and detected at the exit slit by a sensitive 
photomultiplier (EMI 9558 QB). The signal was 
processed either by using a box-car averager or 
iirectly by dc amplifier and recorded on the 
»trip chart recorder.

The composite resins used were: Polofil (Vo- 
:o, Germany), Heliosit and Heliomolar (Viva- 
ient, Liechtenstein). They were filled into the 
;pecial forms made of dark plastic material with
S mm in diameter and then illuminated by two 
lifferent light sources as shown in Figure 1. Our

studies are of comparabile nature, and no other 
quantitative or qualitative measure has been em
ployed yet. We were primarily interesed in the 
depth of the hardening process.

Results

Spectral measurements
In Figures 2 and 3 we present the spectra of 

two selected discharge lamps in the spectral re
gion from about 400 nm up to almost 600 nm.
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Figure 1. Experimental arrangement and the molds for the composite samples 
Slika 1. Eksperimentalna postava i kalupi za uzorke kompozita

Figure 2. Spectrum o f the indium lamp with both resonance lines at 410 and 451 nm 
Slika 2. Spektar indijeve žarulje s obje rezonantne linije na 410 i 451 nm
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In Fig. 2 we may readily observe that both blue 
and violet indium resonance lines are very 
strong, however with self-reversed line centers. 
In Fig. 3 the violet indium resonance line at
410.2 nm was almost totally absorbed, most pro
bably by mercury iodide molecules in their 
ground states, which are located at the burner 
wall. Beside indium resonance lines, mercury 
spectral lines are also present. Sodium resonance 
lines at 589 nm are present as inevitable impu
rity, but barium strontium resonance lines come 
from the oxide layers on the electrodes. In both

Polymerization

In Figure 4 we present the results of our pho
topolymerization studies with indium high pres
sure lamp, which spectrum is shown in Fig. 2. 
Three composite resins of the light shade were 
used, and the results represent mean values of 
three measurements. Actual errors were less 
than 5 percent. The depth of cure was measured 
immediately after the exposition by removing 
the soft material and using the Vernier scale. 
The lamps were run at 220 V and electric current

Figure 3. Spectrum o f the indium lamp with only one resonance line at 451 nm 
Slika 3. Spektar indijeve žarulje s jednom rezonantnom linijom na 451 nm

figures we have plotted absorption curve of the 
camphorquinone. It can be readily seen that in
dium resonance line at 451.1 nm lies within the 
broad maximum of the camphorquinone absor
ption curve. The resonance line at 410.2 nm, 
although lying at the short wavelength end of 
the absorptin curve, may still be involved in the 
curing process. However, its violet color may 
cause some cumulative hazard effects on the hu
man eyes over a long period of time.

of 4 Amps. The best results were obtained with 
Heliosit. It is interesting to note that without 
any special optimization we achieved relatively 
large curing depths already after half a minute 
of expositon time.

In Figure 5 we present the curing depth for 
three composites illuminated by the lamp with 
the spectrum shown in Fig. 3. This lamp was 
almost blue in color, since the indium resonance 
line at 410.2 nm was entirely absent from the
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'igure 4. Curing depth via exposition time for three com
posite materials illuminated by In-Hg 1 lamp

lika 4. Dubina stvrdnjavanja u odnosu na ekspoziciju za 
tri kompozita osvijetljena s In-Hg 1 žaruljom

Figure 5. Curing depth via exposition time for three com
posite materials illuminated by In-Hg 2 lamp

Slika 5. Dubina stvrdnjavanja u odnosu na ekspoziciju za 
tri kompozita osvijetljena s In-Hg 2 žaruljom

pectrum, due to the absorption of the indium 
3 dide molecules. Heliosit and Heliomolar exhi
bited almost the same behavior. However, at 
lie early exposition times the curing depth was 
)wer than in the previous case with the violet- 
lue lamp. Polofil exhibits much smaller depth 
f cure with saturation effect at exposition times 
>nger than 2  minutes.

discussion
We believe that the differencies in the curing 

epth curves arise from the different degree of 
lade in composite resins tested. On the other 
and, the percentage of filler particles and its 
ature may cause differencies among examined 
Laterials (8 , 9, 10). The lamp denoted as In-Hg 
gives larger curing depth and shows no satura- 
on behaviour. The indium resonance line at 
51.1 nm of this lamp is 2.6 times stronger than 
le same line in the In-Hg 2 lamp. We believe 
tat the absence of the 410.2 nm indium reso

nance line in In-Hg 2 lamp may cause the satu
ration of the curing depth curve. The indium 
resonance line 451.1 nm certainly lies within the 
broad maximum of the camphorquinone absor
ption curve and should be well suited for the 
photopolimerisation.

The large absorption coefficient means that 
this spectral line will not travel very far into the 
composite resin. On the other hand, the spectral 
line at 410.2 nm with a much smaller absorption 
coefficient could penetrate much further, causing 
polymerization in the deeper regions. It means 
that the lamp with two strong spectral lines of 
different absorption coefficient in camphorqui
none should give a much better result in the 
curing process. As shown in Figure 5 all three 
curves exhibit a kind of saturation effect, most 
probably caused by the small penetration depth 
of just one strong resonance line.

In the present studies we have seen that 
the depth of cure is not especially large, but we
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hope that the further progress in lamp construc
tion and the appropriate optical system, should 
lead to the essential improvement, which may 
be used in the dental applications.

These findings give us a good hope that 
indium high pressure lamp could be developed 
into a practical dental appliance. However, if
410.2 nm resonance lie presents by any mean a 
potential hazard for the human eyes due to the 
long term cumulative effect, we must turn to a 
different lamp. As the results of the present 
experiment show, it should be a lamp with at 
least one strong line within the maximum of the 
camphorquinone absorption curve, and at least 
one strong line in the blue-green spectral region,

where the relevant absorption coefficient beco
mes much smaller, but asures deeper penetration 
effect.

Conclusion
Our results clearly show that the search for 

the new light sources is justified in view of higher 
efficacy and lower vital tissue hazard considera
tions. Although the presently attained curing 
depth are not satisfactorily large, we hope that 
the further improvement of the indium lamp will 
soon bring about the device of coparable or 
better features than the presently used halogen 
lamp based units (1 1 ).

INDIJEV SVJETLOSNI IZVOR ZA POLIMERIZACIJU  
KOMPOZITA

Addres for correspondence: 
Adresa autora:

Sažetak
Kod postojećih uređaja za polimerizaciju kompozita postoji 

problem komulativnog djelovanja svjetla bliskog ultraljubičastom, 
koje je opasno za oči. Drugo ograničenje je plitoća stvrdnjavanja, 
posebice izražena kod tamnijih boja kompozita u području predkut- 
njaka i kutnjaka. Tražeći optimalniji izvor svjetla, koristeći se indi- 
jevim visokotlačnim žaruljama, ispitali smo stvrdnjavanje tri različita 
kompozita. Ukupni rezultati su bolji s žaruljom koja ima dvije jake 
rezonantne linije, nego kod žarulje s jednom linijom. Potrebno je 
poboljšanje konstrukcije žarulje, da bi se rezultati mogli usporediti 
s postojećim polimerizacijskim uređajima.

Ključne riječi: kompoziti, fotopolimerizacija
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