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Abstract
the apparatus emitting polymerizing light has been developed concurrently with the modernisation and the 
improvement of composite materials. Polymerization lamps differ from each other in many respects depending 
on the course of photopolymerization process. this process is influenced by many factors such as: the monomer’s 
structure and functionality, composition and properties of resins, the temperature of the reaction, the presence of 
the oxygen, viscosity etc. the intensity of the light of photopolymerization lamps gradually decreases so it should 
be checked with the special metering equipment: radiometers, testers fixed in polymerization lamps, thermopiles. 
devices evaluating the polymerization process can assess, for example, remains of unreacted form of the monomer 
and real-time physicochemical changes: loss of function groups responsible for polymerization, photocrosslinking, 
polimerization shrinkage, index of light refraction (Dent. Med. Probl. 2012, 49, 4, 487–494).

Key words: photopolymerization, curing lamps, light intensity, measuring instruments, test methods of the pho-
topolymerization process.

Streszczenie 
Wraz z modernizacją i doskonaleniem materiałów złożonych produkuje się coraz lepsze urządzenia emitujące 
światło, czyli lampy polimeryzacyjne. lampy polimeryzacyjne różnią się między sobą wieloma cechami. Cechy te 
decydują o przebiegu procesu fotopolimeryzacji, który zależy od wielu czynników, takich jak: struktura monomeru 
i jego funkcyjność, skład i właściwości żywic, temperatura reakcji, obecność tlenu, lepkość itp. intensywność świat-
ła lamp polimeryzacyjnych stale się zwiększa, należy je sprawdzać za pomocą specjalnych urządzeń pomiarowych, 
takich jak: radiometry, testery wmontowane w lampy polimeryzacyjne, termostosy. do oceny procesu fotopo-
limeryzacyjnego służą urządzenia określające np.: pozostałości nieprzereagowanego monomeru, monitorowanie 
w czasie rzeczywistym zmian fizykochemicznych, np. zaniku grup funkcyjnych odpowiedzialnych za polimeryza-
cję, przebieg procesu fotosieciowania, pomiar skurczu polimeryzacyjnego, pomiar zmian współczynnika załamania 
światła (Dent. Med. Probl. 2012, 49, 4, 487–494).

Słowa kluczowe: fotopolimeryzacja, lampy polimeryzacyjne, intensywność światła, urządzenia pomiarowe, meto-
dy badania procesu fotopolimeryzacji.
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the apparatus emitting polymerizing light has 
been developed concurrently with the moderniza-
tion and improvement of composite materials. Po-
lymerization lamps differ from each other in many 
respects, depending on the course of the photo-
polymerization process. this process depends on 
many factors such as: the monomer’s structure 
and functionality, composition and properties of 

resins, the temperature of the reaction, the pres-
ence of oxygen, viscosity etc.

light intensity of photopolymerization lamps 
gradually decreases, so it should be checked with 
special metering equipment: radiometers, testers 
fixed in polymerization lamps, thermopiles. de-
vices evaluating the polymerization process can 
assess, for example, remains of unreacted form 
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of the monomer and real-time physicochemical 
changes: loss of function groups responsible for 
polymerization, photocrosslinking, polymeriza-
tion shrinkage, index of light refraction.

Polymerization initiated photochemically is 
widely known as photopolymerization. reactive 
molecules are generated in the process of irradi-
ation of a photoinitiator with visible or UV light, 
causing the conversion of the liquid phase (ini-
tial composition) into the solid phase (polymer-
ization product) in a matter of seconds. initiating 
with light allows easy monitoring of the polymer-
ization, as the reaction begins immediately after 
switching on the light and stops when the light is 
switched off.

results of many clinical studies have demon-
strated that composite materials used for the res-
toration of carious lesions in posterior teeth do not 
provide long-term durability comparable to the 
durability of amalgam fillings [1, 2].

Clinical failures are most frequently due to 
a lack of proper bonding between the filling and 
hard tissues of teeth [3].

Photopolymerizing materials are a mixture 
of multi-functional methacrylate monomers, for 
which the most widely used radiation absorbent 
or photoinitiator is camphorquinone (CQ) [4–6].

all curing lamps use halogen bulbs with ra-
diation spectrum of 370–515 nm, and the absorp-
tion spectrum of CQ was about 465 nm; therefore, 
it suited perfectly the spectral emission range of 
halogen light.

With the modernization and improvement of 
composite materials, emitting devices of curing 
lights are also being developed. Newer light sourc-
es differ in many respects that determine the pho-
topolymerization process. Manufacturers of new 
light sources offer more power and a potentially 
shorter curing time with a wide range of light in-
tensity from 100 to over 2000 mW/cm2. Minimum 
light intensity required by the iSo 4049 standard 
is 300 mW/cm2 [7].

the polymerization process depends on many 
factors such as the structure and the functional-
ity of the monomer [8], the composition and prop-
erties of resins [9], the reaction temperature [10], 
the quality and evaporation of the solvent [11], the 
presence of oxygen, humidity, viscosity, etc.

a clinician has no influence on the use of new 
types of resins in restorative materials, as it is the 
responsibility of their manufacturers. thus, the 
introduction of new resins must correspond to the 
parameters of light produced by curing lamps. re-
search on fillings made of composite materials in-
dicate that the energy initiating the polymeriza-
tion process for the wavelengths of light from 420 
to 500 nm is able to penetrate the material and 

tooth tissue; consequently, we obtain a good fill-
ing (complete chemical reaction). if the curing 
light does not reach everywhere, the polymeriza-
tion reaction is incomplete. Studies showed that 
the most appropriate parameters of light wave-
lengths were demonstrated by plasma light (Plas-
ma arc Curing) but sometimes the spectral range 
may be too narrow for polymerization to proceed 
efficiently [12].

Manufacturers are trying to solve this prob-
lem by offering special filters providing correct 
wavelengths for different composite materials.

Medium and high power lamps (500–730 mW/ 
/cm2) cause a temperature increase in the cavity 
of the tooth by 5.4–6.9°C, while a low-power lamp 
(320 mW/cm2) only by 2.9°C. the power of mod-
ern led curing lamps reaches even 2,600 mW/ 
/cm2. although the spectrum of the light emit-
ted by led has a small infrared component, the 
amount of energy supplied by such a lamp to the 
material is so high that the filling temperature in-
creases more than in the case of a medium-power 
halogen lamp. temperature change of composite 
material during polymerization also depends on 
the type of curing lamp and the type of resin. dur-
ing polymerization the temperature of a compos-
ite material based on cyclic monomers increases by 
at least 24°C, whereas in a conventional composite 
material only by 9°C. Clinical observations, how-
ever, do not confirm such harmful effects of in-
creased temperature of the material on the tooth’s 
pulp (temperature rise tolerated by pulp is only 
5°C) [13].

oxygen has a negative impact on the course 
of radical photopolymerization. Firstly, it may 
suppress excited states of the initiator, greatly re-
ducing the efficiency of initiation, especially with 
photoinitiators forming radicals in bimolecular 
reactions and having a relatively long excited state 
lifetime. Secondly, oxygen reacts violently with 
radicals located on the carbon atom (they may be 
propagating radicals and radicals resulting from 
initiator’s disintegration) to create lowly reactive 
double bond peroxide radicals [14, 15].

as a result of the incidence of these process-
es, polymerization is considerably slower, and can 
even be totally inhibited. the conversion degree of 
double bonds is not equivalent to monomer con-
version, as a monomer can be connected to the 
network after only one double bond has been con-
verted. the speed of photopolymerization and the 
final degree of conversion of double bonds de-
pends on the monomer structure and on polym-
erization conditions. the highest degree of con-
version obtained in the case of a monomer with 
the longest chain between acrylic groups of tripro-
pylene glycol diacrylate (tPGda) [15].
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the escalation of photopolymerization tem-
perature increases the mobility of the system, and 
thus the possibility of diffusion of all reactive par-
ticles is raised which leads to an increase in the 
degree of conversion. increased temperature also 
boosts the polymerization rate. However, the over-
temperature of about 80°C causes a decrease in the 
rate and degree of conversion due to the severity 
of side effects, such as chain-transfer reaction that 
causes termination rate growth, degradation, de-
polymerization, thermal degradation of the pho-
toinitiator, monomer evaporation [15].

oxygen is another inhibitor with free radi-
cals, which neutralizes them as soon as they ap-
pear; therefore, the chain is formed only until all 
the molecules of the inhibitor are exhausted. ox-
ygen inhibition allows the addition of a new layer 
of composite on the previously cured resin surface 
and provides a perfect bond between them. if oxy-
gen is present during the polymerization process, 
it reacts with the formed chain and creates new 
radicals, which are non-reactive, as free radicals 
of primary particles of the monomer. as a result, 
inhibition and, finally, stoppage of the polymer-
ization process is observed in the presence of ox-
ygen. 

the course of a photochemical reaction also 
depends on the nature of the solvent. Some dentine 
adhesive solvents contain acetone and/or ethanol 
or water as the hydrophilic carrier: these solvents 
can easily evaporate during their application [16].  
the effect of a solvent on the polymerization be-
havior is different. the presence of ethanol initial-
ly decreases the reaction rate but enhances the de-
gree of conversion at a later stage. this behavior 
is easily explained by the mobility of the system. 
Since ethanol dilutes viscous monomers, the reac-
tion occurs in a less restricted environment. the 
decreased viscosity of the system allows propaga-
tion to continue for a longer time without being 
diffusion-controlled (i.e. autodeceleration is post-
poned). in comparison, water, as the most wide-
ly used solvent in adper Prompt, plays a differ-
ent role. For optimal polymerization, the emission 
spectrum of the curing source has to be closely 
matched to the absorption spectrum of the pho-
toinitiators. experimental data support the impor-
tance of evaluating the photopolymerization pro-
cess with different curing light sources, light irra-
diance, curing time, and solvent evaporation.

the effect of the crosslinking-facilitated gel 
phenomenon on the photocopolymerization be-
havior is less evident with high solvent content. 
light irradiance accelerates the initial polymeriza-
tion of one-Up Bond F and Single Bond samples. 
there was a minimal difference in the polymeriza-
tion degree of conversion after 40 s with one Up 

Bond F and Single Bond irrespective of light units 
and intensities. the degree of conversion of adper 
Prompt samples was enhanced with the increase 
of light irradiance, especially with led light com-
pared to halogen light [16]. 

the light intensity of curing lamps decreases 
continuously; they should be checked regularly for 
the light emission, which should not be lower than 
400 mW/cm2 using measuring devices such as 
demetron research Corp. Model 100, because, as 
Friedman’s research showed, 78% of curing lights 
used in dental practices lost 45–89% of their ini-
tial light intensity [17]. the most common reasons 
for intensity loss depend on light bulbs. Bulbs are 
getting weaker with time, which leads to a loss of 
light intensity, thus it becomes necessary to extend 
the polymerization time. once black color is vis-
ible on the bulb, the intensity of light is decreased 
by about 74%, in the case of the color grey, the in-
tensity is lowered by about 45%, whereas the color 
blue means a decrease of approximately 62%. the 
dulling of the reflector reduces the light intensi-
ty by 65%. Pollution and partially destroyed opti-
cal fiber end can cause a reduction in light inten-
sity to 66% [17]. the loss of light intensity can be 
caused by a dirty filter. the intensity of the emit-
ted light depends on the halogen lamp power, light 
pipe type, as well as type and working time of the 
lamp. lamps with 75 W bulbs have a much higher 
light output than lamps with a 35 W bulb.

the use of optical fiber with a larger diameter 
significantly reduces the emission of light. With 
time, the lamps’ emission of light becomes con-
siderably reduced. Working with a photo-cured 
material, the dentist controls the polymerization 
process when it comes to the light source but he 
cannot control the chemical reaction itself. if we 
assume that light is necessary to initiate the po-
lymerization process of a composite, it seems un-
derstandable that the light should be the strongest. 
if in some case lower intensity of light is required, 
the light source can be changed or simply moved 
away from the tooth. if the light source is not pow-
erful enough, the time required to ensure that the 
process was completed is increased. the closer the 
end of the lamp (optical fiber) is to the filling, the 
more violently the polymerization process occurs. 
light energy is proportional to the square of the 
distance between the source and the material. Po-
lymerization can always be started with the lamp 
away from the tooth and then the distance may be 
reduced or the light source can be moved in and 
out on a pulse basis if these methods are recom-
mended.

in a study evaluating the effective depth of po-
lymerization and light emission intensity of sev-
en curing lamps, the authors concluded that the 
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tested lamps demonstrated slight differences in 
the depth of effective polymerization of compos-
ite materials. emission intensity was measured us-
ing a tester installed in lamps elipar ii, Visilux 
3000Gt and demetron Curing radiometer. the 
testers in lamps showed the correct level of emis-
sion intensity over the period of observation. Cur-
ing demetron radiometer showed that only the 
optilux 401 light did not change the level of light 
intensity throughout the observation period. the 
remaining five lamps (Cromalux, elipar ii, Heli-
lux Gte, euro Max, translux Cl) demonstrat-
ed an intensity decrease of about 100 mW/cm2, 
whereas for the 3000Gt Visilux lamp the decrease 
was 150 mW/cm2 [18, 19]. 

the effectiveness of curing lights is measured 
by radiometers [20, 21]. they are special photom-
eters quantifying the light output at the most crit-
ical point on the end of the fiber. radiometers 
determine the efficiency of the curing device by 
measuring the intensity of light of wavelength  
468 nm from the fiber tip. radiometers are in the 
form of small handheld devices, or are built in the 
curing unit. it is important to test a new curing 
lamp in order to obtain the reference point for the 
future [22].

Most radiometers measure the light in the fre-
quency range between 400 and 500 nm. this is 
a wider bandwidth than is required for most pho-
toinitiators and makes the device less reliable in 
assessing the curing units with narrower ranges of 
the emitted light (i.e. led lamps and lasers) [23].

the standard device contains a detection part 
on which the light from the emitting end is direct-
ly deposited [14]. Specialized radiometer to mea-
sure higher bandwidth of about 468 nm would 
perform a more precise measurement of the band-
width of any unit [24].

a radiometer allows an evaluation of the cur-
rent state of a lamp’s functionality. radiometer 
control refers not only to the condition of the bulb 
but can indicate the reduction in light output due 
to incorrect alignment of the optical elements, 
faulty connection to the network, improper power 
supply, a crack or accumulation of sediment par-
ticles on the surface of the fiber and damage to 
the coating of the light filter. in addition, devic-
es of this type provide information on output ra-
diation, which is not an indication of light effica-
cy, since the tip is held at a certain distance from 
the tooth.

a radiometer provides invaluable service with 
regular checking of the light output. it may indi-
cate which parts of the lamp should be replaced or 
detect faults in new lamps. in most cases, the prob-
lems relate to lamp malfunction. all curing lamps 
demonstrate a significant decrease in efficiency 

prior to bulb burnout. the light output reduction 
is caused by redness or “frosting” of bulbs. Fur-
thermore, it is not possible to distinguish the light 
emission spectra because the device responds to 
the total radiation transmitted to the photodiode 
irrespective of what bandwidth filter is installed. 
this means that not only the distribution of pow-
er in the reference to the frequency is not known, 
but the unit may also not respond to wavelengths 
outside the pass band.

the output reading for some curing lights is 
lower for larger diameter fibers due to the distri-
bution of the light beam on a larger surface area. 
in some lamps variations in light intensity occur, 
from the most intense in the center of the fiber to 
the least intense on its border. the most common 
light meters are:

1. the demetron Curing radiometer (Model 
100), measuring light intensity from 0 to 1000 mW/ 
/cm2, with an optical fiber 6 to 13 mm in diame-
ter. the functionality of the lamp is confirmed by 
a reading above 400 mW/cm2, values   from 200 to  
400 mW/cm2 require doubling of the exposure ti-
me, and values   below 200 mW/cm2 indicate mal-
function of the lamp. a comparative study of ef-
fective polymerization depth and intensity of 
the emitted light of seven curing lamps (in mW/ 
/cm2) by testers found in elipar ii, Visilux 3000Gt 
lamps and by demetron Curing radiometer, con-
firmed that the lamps demonstrated slight diffe-
rences in the depth of the effective polymerization 
of the studied materials. the tested lamps demon-
strated sufficient and even excessive power to cu-
re clinically required 2–2.5 mm layer of compo-
site material. the intensity of their emitted light 
was correct. the authors also observed that effec-
tive action and intensity of the light emission also 
affects the lamp’s lifecycle, the emission of light is 
reduced with time [12, 14].

2. the dentek light Polymerization analyzer 
(Pla-1) is characterized by a large diameter of li-
ght detector aperture. the results of light intensi-
ty measurements referred to as very strong, strong, 
border and weak are indicated by four leds. Pro-
per operation of the lamp is demonstrated by the 
very strong emission indicator. Strong emission 
requires two-fold extension of the exposure time, 
whereas the border and weak intensity indicate 
a malfunction of the lamp.

3. the CdB Cl tester requires battery power 
supply. the intensity of light is indicated by colo-
red leds (three red, four yellow and three green). 
the correct functionality of the lamp is indicated 
by no green led lit, and if 2–4 yellow leds are lit 
the exposure time should be doubled. a damaged 
lamp is indicated by no red led light and by a sin-
gle yellow led light.
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4. the efos Cure rite (8000) is powered by  
a 9 V battery. it allows the assessment of optic fi-
bers more than 4 mm in diameter. the device has 
a digital display for measured light intensity in the 
wavelength range 400 to 525 nm. Normal opera-
tion of the lamp is indicated by a measurement va-
lue above 300, values from 170 to 300 mean that 
double exposure time is required, the reading be-
low 170 indicates a damaged lamp.

5. Ho dental Sure does not require batteries; 
it is sensitive to temperature in the range from 71 
to 93°C. it has a digital display. the correct light 
emission is indicated by measurement value above 
25, a reading from 15 to 25 requires double expo-
sure time, and a reading below the value of 15 in-
dicates lamp malfunction.

another previously mentioned solution is in-
stallation of a metering system inside the lamp 
housing by the manufacturer. lamps such as eli-
par ii, Visilux 3000Gt have a light detector ada-
pted to a standard optical fiber. Measurement re-
sults are indicated by a pointer needle or by a co-
lored led.

radiometers do not guarantee the correct re-
ading of the emission characteristics of curing li-
ghts devices because they were developed to deter-
mine periodical efficiency of such lamps over time 
to detect changes in output [18, 24].

Well-equipped light metering devices should 
determine the total power of the lamp measured 
with the use of a well-calibrated thermopile. the-
se instruments are made of absorbing tiles that are 
black bodies covered with thermocouples that re-
spond to the absorption of radiation energy in a li-
near way over a wide frequency range. in order 
to perform correct measurement, the whole radia-
tion from an existing port must fall onto a surfa-
ce which is larger than the beam. Curing lights 
demonstrate considerable differences in beam de-
flection in relation to the increasing distance of 
the fiber tip. this means that the tip of the fiber 
has to be as close as possible to the detector but 
without touching it [25]. depending on the distan-
ce between the peak surface of the thermopile and 
the depth where the black plate is located, the end 
will be at the same distance, and so the device will 
deliver inaccurate results of light emission. there-
fore, a thermopile with a large diameter black pla-
te would be the best solution. at the same time, in 
addition, the surgery should be equipped with at 
least two independent, calibrated thermopile sys-
tems in order to check the calibration of measu-
rement tolerance. a thermopile provides a precise 
indication of the emitted power but does not inclu-
de the spectral distribution and the measurement 
of the radiant flux (mW). Given these values  , the 
area of   the emitting end at which the light is cast, 

measured using a microscope and divided by to-
tal power to obtain radiation power referred to as 
“power density” mW/cm2.

Spectral Radiation
a thermopile does not distinguish power in 

relation to the frequency; it measures only the to-
tal power. in order to assess dental radiometers 
and to measure the power generated by the visi-
ble spectrum, spectroradiometers were introdu-
ced. the first devices required huge and expensi-
ve instrumentation. However, the progress made 
in the field of science allowed to create newer, mo-
re accurate devices, e.g. USB 2000 + rad spec-
troradiometer (ocean optics, dunedin Fl, USa). 
the device is an integrated sphere about 6 inches 
in diameter, which consists of the input port con-
taining a curing light emitting end inside, whose 
light is repeatedly reflected off a dispersing film 
with a high reflectivity index. the output port of 
the sphere holds an optical fiber cable that is con-
nected to a small spectroradiometer. the device 
divides input light into spectral components using 
grilles and the beam is projected on a stationary 
multi-element diode matrix. the more leds in 
the matrix, the smaller size of the entering aper-
ture and the more accurate spectrum can be split. 
the matrix power is analyzed using the softwa-
re. each pixel captured in a given interval is de-
termined and displayed on a screen in the form of 
a graph of emitted power (photon) in relation to 
the wavelength. the system is calibrated as a sin-
gle unit (light source, which is usually located in-
side the sphere, a sphere, connecting cables and 
spectral radiometer).

a disadvantage of the device, apart from large 
overall dimensions, is that it cannot determine va-
rying values or fluctuations of power values or wa-
velengths across the emitting end, because calcu-
lating the mean value of internal reflections yields 
too large differences, taking into account only a sin-
gle value. Using this system, we obtain the measure-
ment of the spectral radiation output in mW/nm.

another simpler system, still in the experi-
mental testing phase, involves a cosine corrector 
(CC-3, ocean optics) connected to the optical fi-
ber cable and attached to a spectroradiometer. the 
cosine corrector is a diffusing filter (usually fro-
sted glass or teflon), which captures light from all 
incidental angles up to 180° from the plane on the 
irradiated side. the corrector’s optical input’s dia-
meter is about 4 mm, so in the case of larger size 
fiber tip, it does not capture all the emitted power 
and assumes a uniform distribution of radiation 
and wavelength across the curing lamp’s end.
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However, knowing the capture surface, the 
spectral distribution can be determined using the 
radiation units and not just the power. the who-
le system, including a cosine corrector and a spec-
troradiometer must be calibrated using a detec-
table source that is capable of providing uniform 
light in a spectrum amount across the cosine cor-
rector. once calibrated, the device becomes por-
table, since it consists of a small cosine correc-
tor, a fiber optic cable and a spectral radiometer, 
which can be easily controlled using a laptop. the 
obtained data is the spectral radiance of a curing 
light expressed in mW/nm/cm2.

recently the methods for observation of uni-
formity of light across the end of contemporary 
curing lamps have been developed.

the literature emphasizes the importance of 
evaluation of photopolymerization processes with 
different light sources, light intensity, curing times 
and solvent evaporation. analytical evaluation 
methods of the photopolymerization process can 
be divided into two groups:

1. discrete methods based on periodic me-
asurements of chemical changes in the material 
occurring under the influence of short periodic 
exposure to radiation registered by means of in-
frared spectroscopy, photoacoustic spectrosco-
py, gravimetry, dynamic mechanical analysis and 
sensitometry. these methods are particularly use-
ful for determining the residual unreacted mono-
mer; however, they are time consuming, cumber-
some and also less accurate.

2. Methods based on real-time monitoring of 
chemical or physical changes resulting from ir-
radiation of photosensitive composite materials. 
these include real time infrared spectroscopy 
(rtir) and Fournier transform infrared spectro-
scopy (Ftir) monitoring the disappearance of 
functional groups, photocalorimetry and radio-
metry to measure the thermal effect of reaction, 
dilatometry (polymerization shrinkage measure-
ments), interferometry (measurement of refractive 
index) and fluorescence spectrophotometry (using 
spectroscopic probes).

a radiometer was often used as an indicator 
of polymerization lamps’ photocuring ability with 
composite materials. Studies indicate that the-
se devices are inaccurate in measuring the clini-
cal effect of polymerization of the material, as they 
are used to measure the relative light output ratio 
in time.

infrared spectroscopy allows us to measu-
re the degree of conversion of bonds based on the 
loss of functional groups responsible for polymeri-
zation. Photoacoustic spectroscopy is based on ge-
nerating an entry photoacoustic signal with mo-
dulating intensity into a light-absorbing sample.

Gravimetry determines gel fraction; it is one 
of the simplest methods to estimate conversion 
on the basis of measuring the amount of insoluble 
polymer formed under the influence of UV light. 
a polymerized sample is extracted with a solvent 
removing unreacted monomer, which allows us to 
determine the efficacy of polymer formation, but 
not the degree of conversion of functional groups. 
Using different exposure times, it is possible to ob-
tain a dependence of polymer formation efficiency 
on polymerization time.

dynamic mechanical analysis (dMa) allows 
the tracking of the liquid layer’s conversion into so-
lid material, the relative rate of curing is determi-
ned by measuring the dynamic changes of mecha-
nical properties as a function of exposure time.

Sensitometry involves placing a mixture of 
monomer with photoinitiator with a color pig-
ment in a transparent microampoule. after irra-
diation the ampoule is crushed on a special deve-
loping paper. the color intensity of the resulting 
patch is directly related to the amount of unbo-
und monomer.

infrared radiometry allows us to track the pro-
cess of photocrosslinking in conditions similar to 
those used in practice. it is based on using an in-
frared radiometer for the measurement of tempe-
rature of cross-linked coating sliding under a co-
nventional radiation source, where a significant 
thermal peak is observed. its position and inten-
sity provides information about the induction pe-
riod, the resin reactivity and the material’s tempe-
rature increase during the reaction. the method 
yields qualitative results.

dilatometry allows continuous monitoring of 
the shrinkage of the material during light-induced 
polymerization from the beginning until its com-
pletion.

laser interferometry allows us to monitor 
changes in the refractive index during polymeri-
zation. in this method, two intersecting laser be-
ams produce an interference pattern on the photo-
curable surface. irradiated areas are polymerized, 
while in dark areas the liquid resin remains un-
changed. as a result of such exposure, polymeri-
zed and not polymerized areas form a lattice pat-
tern. the method provides qualitative data.

Photocalorimetry, photo differential scanning 
calorimetry (photo dSC) is a very sensitive me-
thod of measurement used to study the kinetics of 
crosslinking photopolymerization. Measurements 
are carried out with a differential scanning calori-
meter (dSC) under isothermal conditions. the use 
of dSC allows monitoring the rate of heat release, 
which is directly proportional to the rate of poly-
merization, as well as monitoring the amount of 
released heat, which is proportional to the degree 
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of conversion of functional groups. the measure-
ment is taken, depending on the capabilities of the 
device, every 0.1–0.5 seconds. the amount of rele-
ased heat in a unit of time, i.e. in mJ/s (mW).

real-time infrared spectroscopy (rtir), along 
with photocalorimetry, is one of the most com-
monly used methods. it yields curves depicting 
the degree of conversion depending on the photo-
polymerization reaction time.

Fournier transform infrared spectroscopy 
(Ftir) is increasingly used. High time resolution 
of the unit (a few dozen conversions per second) 
and the fact that with each sweep the spectrum of 
the entire wavelength range is obtained, allows the 
simultaneous observation of the disappearance of 
different types of functional groups.

Fluorescence spectroscopy, fluorescent pro-
bes are compounds whose fluorescence is sensiti-
ve to the viscosity or degree of rigidity of the envi-
ronment. a typical representative is pyrene, which 
has two fluorescent bands: a short-wave band re-
sponsible for emission of radiation from a single 
excited particle, and a long-term band responsi-
ble for emission of radiation from excimer (exci-
ted dimer). Because the possibility of creating an 
excimer depends on pyrene particle’s diffusion, 
the intensity of the emission band decreases with 
increasing viscosity of the environment, and con-
sequently, for example, during polymerization the 
excimer’s ratio of fluorescence intensity varies qu-
antitatively with the degree of conversion (e.g. me-
thyl methacrylate), which enables tracking the 
photopolymerization process.

Spectroscopic probes are used in the study of 
the kinetics of free radical polymerization. Chan-
ges in fluorescence quantum yield, the position of 
maximum fluorescence polarization, efficiency 
levels of intramolecular and intermolecular exci-
mer formation are usually associated with changes 
in viscosity occurring during the polymerization 

process or with changes caused by the presence of 
solvent for polymer solutions. Basically, due to the 
use of the following properties, the probes can be 
divided into four main groups:

1. excimer or exciplex type probes; this group 
is represented by pyrene;

2. dual fluorescence that results from the exi-
stence of two emitting singlet states of the particles 
(tiCt probes); this group of probes includes, for 
example 4-dimethyl-aminobenzonitrile or 4-di-
methylamino benzoic acid ethyl ester;

3. the existence of intramolecular electron 
transfer process (iCt – charge-transfer probes). 
this group of probes includes: dansyl amide, Flu-
oroprobe amide and dansyl (1-phenyl-4-cyano-1- 
-naphthyl methylene piperidine);

4. Fluorescence of salts of selected organic 
compounds, e.g. stilbazolium salts.

Conclusions
light intensity of photopolymerization lamps 

gradually decreases, so it should be checked with 
special metering equipment: radiometers, testers 
fixed in polymerization lamps, thermopiles. 

in order to understand the mechanisms con-
trolling the polymerization process, to discover 
the basics of polymer structure and become acqu-
ainted with the technical considerations of wor-
king with curing lamps and assess photopoly-
merization process, which has an impact on the 
durability of fillings made   of composite mate-
rials – special methods and devices are used. For 
example, they determine the susceptibility of the 
unreacted monomer to polymerization, the kine-
tics rate of photoinitiator̀ s photodissociation, the 
rate of polymerization process, as well as physical 
and chemical changes occurring in the composi-
te material.

References
Collins C.J., Bryant r.W., Hodge K[1] .l.V.: a clinical evaluation of posterior composite resin restorations 8-year 
findings. J. dent. 1998, 26, 311–317.
Nordbo H., leirskar J., von der Fehr F.r[2] .: Saucer-shaped cavity preparation for posterior approximal resin 
composite restorations: observations up to 10 years. Quintessence int. 1998, 29, 5–11.
van Meerbeeck B., van landuyt K., de Munck J., Hashimoto M., Peumans M., lambrechts P., Yoshida Y., [3] 
inoue S., Suzuki K.: technique-sensitivity of contemporary adhesives. dent. Mater. J. 2005, 24, 1–13.
Hadis M.a., Shortall a.C., Palin W.[4] M.: Competitive light absorbers in photoactive dental resin-based mate-
rials. dent. Mater. 2012, 28, 891–841.
alvim H.H., alecio a.C., Vasconcellos W.a., Furlan M., de oliveira J.e., Saad J.r.C.:[5]  analysis of campho-
roquinone in composite resins as a function of shade. dent. Mater. 2007, 23, 1245–1249.
Kilian r.[6] J.: Visible light cured composite. dependence of cure on light intensity. J. dent. res. 1979, 58, 243–250.
iSo 4049:2000(3) dentistry-polymer-based filling restorative and luting materials. 7.10 depth of cure, Class 2 [7] 
materials international organization for Standarization, 2000.
anseth K.S., Kline l.M., Walker t., anderson K.J., Bowman C.N.:[8]  reaction kinetics and volume relaxation 
during polymerization of multiethylene glycol dimethacrylates. Macromolecules 1995, 28, 2491–2499.



e. Jodkowska494

Shobha H.K., Sankarapandian M., Sun Y., Kalachandra S., Mc Grath J.e.:[9]  effect of dilution on the kinet-
ics of cross-linking thermal polymerization of dental composite matrix resin. J. Mater. Sci. Mater. Med. 1997, 8, 
583–586.
trujillo M., Newman M., Stansbury J.W.:[10]  Use of near-Jr to monitor the influence of external heating on dental 
composite photopolymerization. dent. Mater. 2004, 20, 766–777.
elliott J.e., Bowman C.N.:[11]  effects of solvent quality during polymerization on network structure of cross-linked 
methacrylate copolymers. J. Phys. Chem. B 2002, 106, 2843–2847.
Belvedere P.C.:[12]  Contemporary posterior direct composites using state-of-the-art techniques. dent. Clin. N. am. 
2001, 45, 1, 49–70.
Hanning M., Bott B.:[13]  In vitro pulp chamber temperature rise during composite resin polymerization with various 
light-curing sources. dent. Mater. 1999, 15, 4, 275–281.
andrzejewska e.[14] : Photopolymerization kinetics of multifunctional monomers. Prog. Polym. Sci. 2001, 26, 605–665.
ravve a[15] .: Principles of Polymer Chemistry. ed. 2, Kluwer academic/Plenum Publishers, New York 2000.
Ye Q., Wang Y., Williams K., Spencer P.:[16]  Characterization of photopolymerization of dentin adhesives as 
a function of light source and irradiance. J. Biomed. Mater. res. B appl. Biomater. 2007, 80, 2, 440–446.
Friedman J[17] .: Variability of lamp characteristic in dental curing lights. J. esthet. dent. 1989, 1, 189–190.
Wagner l., trykowski J., Joniak K., Miazek-Wagner M.:[18]  an experimental evaluation of the effectiveness of 
polymerization of dental materials using visible light-curing lamps. Part i. Preliminary report. Magazyn Stomat. 
1992, 10, 16, 20–23.
Wagner l., trykowski J., Joniak K., Miazek-Wagner M.:[19]  an experimental evaluation of the effectiveness of 
polymerization of dental materials using visible light-curing lamps. Part ii. Preliminary report. Magazyn Stomat. 
1994, 3, 33, 14–16.
Singh t.K., ataide i., Fernandes M., lambor r.t.:[20]  light curing devices. J. orofac. res. 2011, 1, 1, 15–19.
de lima F.a., Bachmann l.[21] : Spectroradiometry applied to dental composite light curing. appl. Spetroscopy rev. 
2012, 47, 256–271. 
rueggeberg F.a[22] .: Precision of hand-held dental radiometers. Quintessence int. 1993, 24, 391–396.
rueggeberg F.a[23] .: an expert`s buying guide for curing lights. ada professional product review. 2009, 4 pp 
13–16.
Hansen e.K., asmussen e.:[24]  reliability of three dental radiometers. Scand. J. dent. res. 1993, 101, 115–119. 
Felix C.a., Price r.B.: [25] the effect of distance from light source on light intensity from curing lights. J. adhes. 
dent. 2003, 5, 283–291.

Address for correspondence:
elżbieta Jodkowska
department of Conservative dentistry
Medical University of Warsaw
Miodowa 18
00-246 Warszawa
Poland
e-mail: e.jodkowska@gmail.com

received: 21.08.2012
accepted: 26.11.2012

Praca wpłynęła do redakcji: 21.08.2012 r. 
Zaakceptowano do druku: 26.11.2012 r.


