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Adequate polymerization of light-cured com-
posite materials is crucial for obtaining satisfac-
tory mechanical properties, and it contributes to 
the overall clinical performance of direct com-
posite restorations. Light-cured resin composites 
primarily rely on the sufficient intensity of light 
to achieve adequate polymerization because the 
light’s intensity and effectiveness decrease as the 
light becomes absorbed or scattered when pass-
ing through the material.1 

The desired clinical performance cannot sim-
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cant decrease in proliferation was recorded on the 4th post-exposure day with S and H irrespective 
of time, on the 3rd day with S for 80 s and H for 40 and 80 s, and with S and H for 80 s on the 2nd day 
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ply be achieved by applying higher intensity light to 
achieve better conversion because high intensity 
light causes more stress released through faster 
polymerization.2-4 Moreover, the high intensity 
light can damage the surrounding tissues via the 
biological effects of blue light and temperature 
rise, irrespective of the light source used.5,6,7-8 

Due to the heat generated by the curing unit 
and the exothermic nature of the polymerization 
process itself, the rise in temperature may cause 
coagulation of protoplasm, expansion and outflow 
of fluid from the dentinal tubules, changes in blood 
vessel structure and tissue necrosis.8,10 To prevent 
tissue-damaging effects due to a rise in tempera-
ture and to achieve better marginal adaptation, 
current light curing devices offer different modes 
of polymerization.2,11-13

Light emitting diodes (LED) are a light source 
that use low-power GaN (gallium nitride) semicon-
ductors for the generation of blue light and have 
certain advantages compared to the most widely 
used quartz-tungsten-halogen (QTH) dental cur-
ing units. Filters are not required in LED curing 
units because the spectrum output is narrow and 
falls within the absorption spectrum of the cam-
phoroquinone photoinitiator (400–500 nm); there-
fore, no unnecessary heat is generated, which is 
not the case with QTH lamps.3 Furthermore, the 
wavelength generated by LED curing units is out-
side the UV wavelength and is not as dangerous 
for the eyes as the light produced by QTH curing 
units, which has a broader spectral distribution .4,5 
LEDs have an expected lifetime of several thou-
sand hours without significant degradation of light 
intensity over time.11 

Bluephase LED curing units offer three modes 
of polymerization (low (L), soft-start (S), and high 
(H) intensity); the intensities are not much higher 
than those in standard QTH sources (600 mW/cm2), 
but they have shorter exposure times.12,14 The ap-
plied polymerization mode and the bandwidth of 
the light output affect the depth of polymerization, 
degree of conversion and polymerization shrink-
age.2 The exposure duration of each polymerizing 
mode (20s, 40s and 80s) also affects the degree of 
conversion and rise in temperature. 

The purpose of this study was to determine 
whether the blue light generated from the Blue-
phase LED curing unit can exhibit cytotoxic effects 
in vitro, alter colony-forming ability or alter cellu-
lar proliferation, as well as to determine the rise in 
temperature at different modes of polymerization 
and exposure times. 

MATERIALS AND METHODS
Cell culture 
A continuous line of V79 cells (lung fibroblasts 

of the Chinese hamster) was routinely grown in an 
RPMI 1640 nutrient medium (SIGMA Chemical CO, 
St. Louis, USA) supplemented with 10% (vol/vol) 
heat-inactivated fetal calf serum (SIGMA Chemi-
cal CO, St. Louis, USA) and antibiotics (110 IU/ml 
of penicillin and 0.1 mg/ml of streptomycin). The 
cells were kept in 25-cm2 flasks (TPP Switzerland) 
in a humidified atmosphere with 5% CO2 at 37˚C. 
Before the experimental procedure, cells were de-
tached using 0.25% trypsin/EDTA (SIGMA Chemi-
cal CO, St. Louis, USA) solution, re-suspended, 
seeded, and pre-incubated for 24 hours.15  

Exposure conditions
The light source used in this study was the 

Bluephase C8® Light Unit (Vivadent, Schaan, Li-
chtenstein). The Bluephase C8 ® Light Unit (Viva-
dent, Schaan, Lichtenstein) is a high-performance 
LED polymerization light. The Bluephase unit has 
been designed according to EN 61010-1 and com-
plies with the relevant EU regulations (certified 
by the internationally accredited testing body TüV 
Product Service and UL/CUL). The device operates 
at high power (H), low power (L) and soft start (S) 
modes. The recommended curing times depend 
on the selected dental material: 10, 20, 30, 40 or 
120 seconds.16 

The operating voltage of the Bluephase curing 
unit is 100-240 V, and the operating field frequency 
is 50/60 Hz; the wavelength ranges from 430-490 
nm, and the operating temperature ranges from 
10-40˚C.16

The output intensities for each experimental 
condition were calculated by dividing the radiant 
power values by the effective radiation diameter of 
the light guide.17 Radiant power values were ob-
tained using OptometerP9710 (Gigahertz Optik, 
Germany). The calculated intensity values were 
the following:

• after 20 seconds for H, S and L mode: 753.9 ± 
9.4 mW/cm2, 742.2 ± 2.6 mW/cm2, 421.5 ± 1.6 mW/
cm2, respectively;

• after 40 seconds for H, S and L mode: 751.6 
±5,3 mW/cm2,  719.5 ± 33 mW/cm2, 421.7 ±1.1 mW/
cm2 , respectively;

• after 80 seconds for H, S and L mode: 740.2 ± 
8,2 mW/cm2, 735.9 ± 0.7 mW/cm2, 418.9 ± 2.6 mW/
cm2, respectively.

Previouly prepared cell samples were exposed 
to the Bluephase blue light in triplicates as sug-
gested by ISO at H, S and L illumination modes for 
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20, 40 and 80 seconds.18 The experimental model 
is shown in Figure 1. Control cells were kept in 
the same experimental conditions but were not 
exposed to LED dental curing unit irradiation. The 
counts for each sample were performed twice by 
the same person. 

 
Cell viability, colony-forming ability and cell 

proliferation assay
 Cell viability was determined by the Trypan 

Blue dye exclusion test.15 The assay was used to 
estimate the cytotoxicity of the LED blue light by 
comparing the number of viable cells in the ex-
posed samples to the matched control samples. 

To determine the colony-forming ability, cells 
were plated in a concentration of 40 cells/ml. The 
initial cell suspension volume was 5 ml (200 cells) 
per Petri dish. Cell samples were exposed to LED 
blue light as described. Thereafter, the cells were 
incubated for 7 days without medium change, and 
then the samples were fixed and stained with Gi-
emsa. The cells were air dried, and the colonies 
with more than 50 cells were counted.19 

To determine cell proliferation, V79 cells were 

plated at a concentration of 1x104 cells/ml of nu-
trient medium. After adjusting the initial concen-
tration, cell culture plates were exposed to the 
LED blue light. For each experimental condition, 
cell proliferation was determined by cell count at 
daily intervals for five days as stated in the proto-
col.20  

Temperature measurements 
The temperature during illumination was 

measured using a thermoprobe device (MD 3150, 
Bechmann-Eagle GmbH, Kernen, Germany) with a 
sensitivity of 0.1°C. The thermoprobe was placed 
at the bottom of a well filled with nutrient medium, 
and the temperature was recorded in triplicate for 
each illumination mode and exposure time com-
bination. The initial temperature was 26.5±0.5°C, 
and the peak temperature rise was recorded. 

 Statistical analysis
The data were analyzed using statistics soft-

ware (Statistica 9.0, StatSoft, USA). Statistical 
analysis was conducted using the non-paramet-
ric Mann-Whitney test at the level of significance 
P<.05.

RESULTS
Cell viability, colony-forming ability and cell 

proliferation assay
The cell viability in treated samples was be-

tween 90-95% for each mode and time combina-
tion, which was in the same range as the control 
samples’ values. Regarding exposure duration and 
light intensity, the viability of the cells was not af-
fected by the Bluephase blue light. 

The V79 cells’ ability to form colonies after 
20, 40 and 80 seconds of exposure to three illu-

Figure 1. Experimental model
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Colony forming ability

Mode Time Mean StDev p

Low

20 44,33 5,03 0,71

40 44 2,11 0,22

80 41,33 3,73 0,26

Control 45 1,76  

Soft

20 44,17 2,52 0,12

40 45,33 4,84 1

80 42 2,88 0,09

Control 44,17 2,27  

High

20 41,67 6,22 0,1

40 42,33 3,33 0,38

80 43 3,83 0,16

Control 44,67 2,18  

Table 1. Descriptive statistics of V79 colonyforming ability after exposure to low, soft and high illumination mode of Bluephase LED CU for 20, 40 and 80 seconds.
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mination modes (L, S and H) of Bluephase® Light 
Source is shown in Table 1. The colony count was 
not significantly different when compared to con-
trols under all experimental conditions (P<.05). 

V79 cell growth after exposure to Bluephase 
blue light at different modes and exposure times 
is shown in Table 2. Normal growth of cells oc-
curred in the samples exposed to the L illumina-
tion mode, irrespective of exposure duration. In 
those samples exposed to the S and H modes, a 
significant decrease in proliferation rate was not-
ed on the fourth post-exposure day, irrespective of 
exposure duration (P<.05). The growth inhibition 
on the third post-exposure day was noted in the 
samples that had been illuminated for 40 and 80 
seconds with the H mode and for 80 s with the S 
mode (P<.05). On the second post-exposure day, a 
significant proliferation decrease was recorded for 
the S and H modes when applied for 80 s (P<.05).

Temperature measurements
Irrespective of exposure duration, the temper-

ature rise in the nutrient medium exposed to the S 
and H illumination modes was significant (P<.05). 
The rise in temperature in the nutrient medium 
exposed to the L illumination mode was not sig-
nificant for any exposure duration. The results of 
the temperature changes are presented in Table 3. 
The highest temperature rise was recorded in the 
exposure to H illumination mode for 80 seconds: 
8.3°C.    

DISCUSSION
In our investigation, the viability of exposed cell 

samples was in the same range as the controls for 
each mode and time combination. A viability as-

say was used to measure the proportion of viable 
cells following a potentially traumatic procedure. 
Our results suggest that LED blue light does not 
exhibit highly cytotoxic effects on cells. Similarly, 
using the same method, it was determined that 
cell viability is not affected by blue light emitted 
from a halogen lamp for any polymerization mode 
and exposure duration.9 Nevertheless, it should 
be taken into consideration that the cell viabil-
ity test is based on the fact that cells with dam-
aged plasma membranes intake trypan blue dye. 
Membrane integrity is affected only during the late 
stages of cell death; therefore, some cells in the 
earlier stages of apoptosis or necrosis may not be 
recognized as unviable using this method. There-
fore, the combined results of the viability test and 
other tests should be more informative regarding 
the possibility of the altered biology of cells upon 
irradiation. 

Colony-forming ability demonstrates the pro-
liferative capacity of several cell generations, and 
newly formed colonies may be considered rep-
resentative for the entire cell population. In our 
investigation, the colony count was lower in com-
parison to the controls when higher energy density 
was applied (high mode x the longest exposure), 
but not significantly. Similarly, the study with the 
halogen lamp showed that colony-forming abili-
ties were slightly depressed, although not signifi-
cantly, after exposure, regardless of the exposure 
duration or illumination mode.9 

The effect of an agent on cell proliferation can 
be estimated by counting treated cells after a few 
days of culture. To avoid any ambiguities that can 
arise from cell counts at a single point in time, a 
complete growth curve of cells was done. The pro-

Cell count (Mean ± StDev) after Bluephase light (B) exposure

Mode Time Day 1 Day 2 Day 3 Day 4 Day 5

Low

20 1,46 ± 0,72 5,71 ± 1,46 22,17 ± 3,82 60,13 ± 4,58 50,04 ± 7,06

40 1,38 ± 0,58 4,58 ± 1,02 21,21 ± 3,71 58,96 ± 4,15 49,21 ± 6,30

80 1,29 ± 0,75 4,79 ± 1,41 22,00 ± 4,48 58,42 ± 6,36 47,29 ± 8,72

Control 1,58 ± 0,78 5,00 ± 1,93 23,96 ± 4,06 60,83 ± 3,71 49,96 ± 6,16

Soft

20 1,50 ± 0,93 4,38 ± 1,21 23,04 ± 3,18 53,04 ± 11,3* 46,38 ± 6,88

40 1,42 ± 0,78 4,38 ± 1,47 22,54 ± 3,60 56,96 ± 4,31* 49,75 ± 6,67

80 1,33 ± 1,05 4,04 ± 1,60* 20,63 ± 4,27* 52,67 ± 4,73* 46,88 ± 9,65

Control 1,50 ± 0,72 4,92 ± 1,38 24,63 ± 3,79 61,33 ± 4,93 48,96 ± 7,07

High

20 1,42 ± 0,83 4,67 ± 1,46 26,38 ± 3,16 57,21 ± 6,73* 43,96 ± 6,64

40 1,29 ± 0,86 4,58 ± 1,41 23,54 ± 4,08* 56,08 ± 4,72* 43,25 ± 7,04

80 1,21 ± 1,02 3,71 ± 1,68* 18,83 ± 2,75* 53,92 ± 3,23* 45,33 ± 9,47

Control 1,42 ± 0,58 5,21 ± 1,47 27,71 ± 2,99 62,13 ± 5,43 46,58 ± 7,73

Table 2. Descriptive statistics of V79 cell growth exposed to low, soft and high illumination mode of Bluephase LED CU for 20, 40 and 80 seconds.

(*P<.05).
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liferation decrease was proportional to the inten-
sity and exposure duration. A significant decrease 
in proliferation was observed sooner in the cases 
where sufficient radiant energy was applied, such 
as with H and S for 80 s, even on post-exposure 
day 2. The significant differences in cell counts 
from the controls did not continue on the 5th day; 
this was possibly a consequence of accomplishing 
cell culture confluence and depletion of nutrient 
medium ingredients. In the previous study with a 
halogen lamp, a significant proliferation decrease 
was recorded earlier with the exponential and 
standard modes than with the medium mode.9 
This decrease in proliferation may be explained by 
the inhibition of mitochondrial succinate dehydro-
genase activity and, consequently, the inhibition 
of the energy-releasing processes.7 Furthermore, 
mitochondria contain many cytochromes and fla-
vins (coenzymes of succinic dehydrogenase) that 
absorb blue light.6 Cell division consumes consid-
erable amounts of energy; therefore, it is logical 
that a decrease in proliferation is observed in the 
case where less energy is released due to the in-
hibitory blue light effect. Furthermore, it has been 
reported that blue light exhibits its biological ef-
fects by generating intracellular reactive oxygen 
species.5 Also, the production of reactive oxygen 
species has recently been reported as an early 
expression of cellular stress in the cytotoxicity of 
dental resin monomers.21 Reactive oxygen species 
cause peroxidation and oxidation of proteins, lipids 
and nucleic acids and might ultimately induce cell 
death.21 In future research, it would be interest-
ing to estimate the generation of reactive oxygen 
species in cells simultaneously exposed to dental 
restorative materials and polymerizing light and 
to possibly relate the degree of conversion, the in-
tensity of blue light and the intracellular reactive 
oxygen species production. 

Knežević et al22 tested the cyto- and genotoxic 
effects of blue light at different polymerization 
modes of Bluephase C8 on lymphocyte cultures 
and found that longer exposure to low intensity 
light caused more damage to DNA and significant-
ly increased the number of nonviable lymphocytes. 
This means that exposure duration is crucial in 
triggering non-favorable cellular events leading to 
apoptosis and necrosis. However, our results show 
that cell viability and dividing potential were least 
affected when the low mode was applied. Never-
theless, it is difficult to compare the results of dif-
ferent in vitro (cell culture) experiments because 
of different experimental conditions and different 
parameters being recorded. Therefore, changes 
on the level of the genome should not necessar-
ily affect mitosis and the rate of proliferation. On 
the contrary, the rate of proliferation may even be 
increased due to genotoxic changes affecting the 
genes regulating cell growth and division. 

In addition to interfering with normal cellular 
energy-releasing pathways, the curing light may 
exhibit its cytotoxic effect via a rise in tempera-
ture. Irrespective of the exposure duration, a rise 
in temperature in the nutrient medium exposed to 
the S and H illumination modes was significant, 
while the temperature rise in the nutrient medium 
exposed to the L illumination mode was not sig-
nificant for any exposure duration. These results 
agree with the previous finding that the rise in tem-
perature is proportional to the intensity of light.8 
The temperature rise with high energy output LED 
curing units has been reported to be smaller than 
with halogen lamps because the irradiation spec-
trum of QTH devices includes wavelengths that 
induce heating.2,8,23 However, Atai and Motevasse-
lian24 reported that LEDs exhibit higher tempera-
ture increases than QTH lamps without improve-
ments in the degree of conversion. Moreover, it 

Mode
Time Initial Temperature Temperature after illumination

Sec. mean ± StDev °C mean ± StDev °C

Low

20 26,5 ± 0,4 27,1 ± 0,2

40 26,5 ± 0,7 26,7 ± 0,4

80 26,3 ± 0,3 27,1 ± 0,5

Soft

20 26,6 ± 0,06 30,8 ± 0,4*

40 26,1 ± 0,2 32,3 ± 1,2*

80 26,1 ± 0,06 34,4 ± 0,8*

High

20 26,8 ± 0,1 30,4 ± 0,4*

40 26,7 ± 0,5 33,1 ± 0,8*

80 26,8 ± 0,6 35,1 ± 0,9*

Table 3. Descriptive statistics of data on temperature changes in the nutrient medium exposed 20, 40 and 80 seconds to the Low, Soft and High illumination mode.

(*P<.05).  
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has also been reported that a slightly greater de-
gree of conversion is achieved with QTC lamps.2 It 
is possible that the chemical kinetics and thermo-
dynamics in photopolymerization induced by LED 
light are such that the process is more exothermic, 
but this would only partly explain these results be-
cause the most significant source of heat during 
polymerization is the curing unit irradiation and 
not the setting material.25 

There is no simple algorithm to determine the 
overall toxicity of the curing light and composite 
material. A number of studies have shown that the 
type of curing unit and mode of polymerization af-
fect the material’s cytotoxicity.25-29 This is probably 
because different modes of curing create different 
polymer network structures with different me-
chanical properties and cytotoxicity. Furthermore, 
Wataha et al6 found that the biological effects of 
light are dependent on the outputs of commonly 
used light curing devices and not only on the total 
energy irradiated. Absorbed radiation may cause 
toxic reactions in the patient’s mucosa, and due to 
back-reflection, in the operator’s eyes and skin.5 

The use of blue light sources at clinically rel-
evant exposure energies poses at least some risk 
to gingival and pulpal cells in the light’s path. Ex-
cept in the case of direct pulp capping with adhe-
sive, pulpal tissue is rarely directly exposed to blue 
light; however, photopolymerization of cervical le-
sions may alter gingival cell function, especially 
in patients taking photosensitizing drugs or those 
who have a photosensitizing disease, such as por-
phyria. Due to back-reflection, blue light may pro-
mote unfavorable cellular events in the operator’s 
retina because the intensity of light emitted from 
the dental curing units is relatively high, and on 
excessive exposure, the physiologic repair mecha-
nisms may be decompensated, leading to degen-
erative macular degeneration.5 Furthermore, it 
was reported that high-power LED units of the lat-
est generation, including Bluephase, have a curing 
time that can be reduced to 20 seconds to obtain 
durable results for 2-mm thick increments of resin 
composite.30 In the context of our findings, where 
intensities from 421-754 mW/cm2 applied for 20s 
exhibited minimal effects on cells at a 1.5-mm dis-
tance, it can be concluded that the exposure time 
of 20s for a 2-mm thick composite increment re-
sults in an adequate degree of conversion and has 
a minimal blue light biological effect on irradiated 
cells. 

CONCLUSIONS
The current study demonstrates the following:
• blue light generated by the Bluephase LED 

dental curing unit does not exhibit highly cytotoxic 
effects in vitro;

• depending on the total energy density, LED 
blue light can somewhat affect cellular division; 

• illumination at low power mode (intensity of 
421.7 ±1.1 mW/cm2) does not affect the mitotic ac-
tivity of cells in the blue light’s path; 

• a rise in temperature at the highest intensity 
and exposure duration was 8.3 ˚C 
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