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The success of resin restorations depends 
on many factors, including the technical 
difficulty of the procedure, the degree 

of moisture control, the effects of shrinkage 
during polymerization, the type of resin, the 

porosity of the resin and how well the resin is 
cured. Four variables affect the extent to which 
a resin is polymerized (cured) within the tooth: 
operator technique, choice of curing light, loca-
tion of the restoration and type of resin used. A  
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ABSTRACT

Purpose: To determine the effect of operator, curing light and preparation location, as 
well as any correlations among these variables, on the amount of light energy delivered 
to simulated cavity preparations. 
Materials and Methods: Each of 10 dentists and 10 fourth-year dental students light-
cured a Class I preparation in tooth 26 and a Class V preparation in tooth 37 in a 
dental mannequin head. The operators exposed each preparation for 10 seconds with 
each of 3 LED-based curing lights (Bluephase G2 on high power, Demi and VALO on 
standard power). Each operator also used the VALO unit in the plasma mode for  
2 sequential 3-second curing cycles. For each combination of operator, curing light and 
preparation, the irradiance (mW/cm2) received at the base of the preparation was mea-
sured with a laboratory-grade spectroradiometer, and software was used to calculate 
the energy density delivered in real time. The statistical analysis included 3-way analysis 
of variance (ANOVA) and the Fisher protected least significant difference  (PLSD) test for 
post hoc pairwise comparisons.
Results: There was a large qualitative and quantitative variation in the irradiance deliv-
ered to the preparations by each operator. Three-way ANOVA showed no statistically 
significant differences between dentists and dental students in terms of the amount of 
energy delivered (p = 0.90). However, there were statistically significant differences in 
energy delivered by the various curing lights (p < 0.001) and between the 2 prepara-
tion locations (p < 0.001). According to the Fisher PLSD test for post hoc pairwise com-
parison of means, the VALO unit used in the plasma mode for two 3-second curing cycles  
delivered the most energy (16.4 ± 3.1 J/cm2) to the Class I preparation, and the same  
light used for 10 seconds in the standard mode delivered the least amount of energy  
(9.9 ± 2.4 J/cm2) (p < 0.001). For the Class V preparation, the VALO unit used in the  
plasma mode for two 3-second curing cycles delivered the most energy (12.5 ± 4.0 J/cm2), 
and the Demi unit, used for 10 seconds, delivered the least energy (7.4 ± 2.5 J/cm2).
Conclusions: The energy delivered by a curing light to a preparation in a simulated clinical 
environment was affected by the operator’s light-delivery technique, the choice of curing 
light and the location of the preparation.
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recently developed device called Managing Accurate 
Resin Curing (MARC; BlueLight analytics inc., Halifax, 
NS) takes all 4 of these variables into account, measuring 
both the irradiance and the energy received by a simu-
lated preparation in a mannequin head.1 

The irradiance values for commercially available 
curing lights range from 300 to 4000 mW/cm2, but it is 
not the irradiance that determines how well a resin is 
cured. Instead, adequate polymerization of composite 
resins correlates strongly with the irradiant energy de-
livered to the restoration. The energy density (J/cm2) 
received by the resin is the mathematical product of 
irradiance (mW/cm2) and exposure time. Thus, after a 
10-second exposure, a commercial curing light delivering 
1000 mW/cm2 would deliver an energy density of 10 J/cm2. 
Resin manufacturers provide minimum curing times and 
irradiance levels and thus define the minimum energy 
requirements for their resins. Depending on the brand 
and shade, these have been reported to range from 6 to 
24 J/cm2 for a 2-mm increment of dental resin.1-7 Because 
of wide variation in the irradiance of curing lights and 
the differing energy requirements of resins, the required 
exposure times vary widely. In addition, the light inten-
sity of the majority of curing units decreases over clini-
cally relevant distances; therefore, as the distance to the 
resin increases, longer exposure times may be needed 
to deliver the required energy to the restoration.8-11 This  
reduction in irradiance with increasing tip distance varies 
widely among brands of curing units, and the choice of 
light guide confounds the issue.11-17 For example, for one 
light curing unit, researchers reported a 50% reduction 
in light intensity as the distance increased from 0 mm to 
6 mm with use of a standard light guide. However, with 
use of a turbo light guide in the same light curing unit, 
the reduction in irradiance over the same distance (0 to 
6 mm) was 77%.14 This finding is clinically relevant for 
Class II restorations, for which the distance from the end 
of the light guide to the gingival floor of a proximal box 
can easily be 6 mm or more.

Studies establishing the relationship between energy 
density received and qualities of the resultant resin-
curing have typically utilized ideal laboratory condi-
tions, whereby the light curing unit was fixed at 90° 
directly above the resin, maximizing exposure of the 
restoration to the beam and minimizing the amount of 
light scattering at the surface.3,5-11,13 However, in a clinical 
environment, there are substantial deviations from this 
ideal configuration, and the clinician may have difficulty 
achieving or consistently maintaining the orientation 
of the light guide end at 90° with respect to the restora-
tion. Under these clinical conditions, it is unlikely that 
experimentally determined exposure times will deliver 
the intended total dose of light energy. Furthermore, op-
erator error may cause the curing light to shift in position 
relative to the restoration. This could reduce the actual 

time that the resin is exposed to the light and the energy 
delivered to the restoration. 

Many studies of the effects of different light curing 
units on resin polymerization have used hand-held 
dental curing radiometers to measure irradiance,18-21 but 
other work has shown that these instruments are inac-
curate.22,23 In addition, these meters report only the ir-
radiance at the tip-end of the curing light; they do not 
report the irradiance or energy actually received by the 
resin restoration. Consequently, dentists have no way of 
knowing how much energy they are delivering to restora-
tions. Instead, practitioners must rely on manufacturers’ 
“recommended curing times,” which are further qualified 
according to shade of the resin, thickness of the incre-
ment, distance from light source to the resin and light 
output. The implications of these factors may not always 
be fully understood.

Undercuring the resin adversely affects its physical 
properties,10,21,24-29 reduces bond strength,10,21,27 increases 
marginal wear and breakdown,28,29 decreases biocompat-
ibility,30-35 potentially increases DNA damage resulting 
from leachates32 and increases bacterial colonization of 
the resin.35 Equally undesirable is the delivery of too much 
energy to the tooth, which may cause thermal damage to 
the pulp and exposed oral tissues.36-42 Therefore, it is es-
sential to establish a method for accurately quantifying 
the energy delivered by a curing light to a dental res-
toration under clinically relevant conditions. It would 
then be possible to determine the effects of operator 
technique, choice of curing light and position of the 
restoration on the amount of energy that the resin actu-
ally receives. 

The study reported here provides data to bridge the 
gap between measurements obtained under ideal labora-
tory conditions and the clinical situation. The study was 
undertaken to test 3 research hypotheses. First, given 
that dental training is highly consistent, it was postu-
lated that there would be no difference between dentists 
and fourth-year dental students in the ability to deliver 
a specified amount of energy density. Second, it was 
hypothesized that the energy density delivered by each 
curing light would be the same for all operators. Finally, 
it was assumed that there would be no difference in the 
energy delivered to Class I and Class V preparations 
with exposure to the same curing light for the same 
time.

Materials and Methods
Approval for the study was obtained from the 

Dalhousie University Health Sciences Research Ethics 
Board. The Research Ethics Board required that all the 
participants remain anonymous.

The MARC device for measuring both irradi-
ance and energy received at the preparation site was 
constructed by fixing a 3.9-mm diameter cosine  
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corrected irradiance probe (CC3-UV, Ocean Optics, 
Dunedin, FL) at the bottom of 2 different types of 
cavity preparations (Fig. 1) within a dentoform 
(NIS-SIM simulation head, Kilgore, Coldwater, MI) at-
tached to a dental chair. The teeth were fixed to the 
dentoform with epoxy resin. For the Class I preparation, 
the detector was fixed inside tooth 26, with epoxy resin 
2 mm deep from the occlusal surface and 4 mm from 
the cusp tips. For the Class V preparation, the detector 
was fixed 2 mm from the buccal surface of tooth 37. A 
laboratory-grade spectroradiometer (USB 4000, Ocean 
Optics) was attached to the probes using a bifurcated 
fibre optic cable (Avantes, Broomfield, CO) to determine 
the light irradiance (mW/cm2) delivered from the com-
mercial curing lights during simulated photo-curing of 
the resin at the floor of the preparation. Before use, the 
equipment was calibrated for both frequency and irradi-
ance using a light source (LS-1-CAL, Ocean Optics) with 
a National Institute of Standards and Technology (NIST; 
Gaithersburg, MD) traceable light source. The equipment 
was zeroed to the ambient light before each recording, 
and the absolute error in calibrating the spectroradiom-
eter was ± 5%. The mouth opening was fixed at 43 mm, as 
measured at the incisors.43

Twenty operators (10 dentists and 10 fourth-year 
dental students) were instructed to position the head of 
the mannequin as they would position a patient’s head 
and then to perform simulated light-curing for 10 sec-
onds on each of the 2 preparations with a variety of 
commercially available blue LED-type curing lights: the 
VALO unit (Ultradent Products, South Jordan, UT) used 
in the standard mode, the Bluephase G2 unit (Ivoclar 
Vivadent, Amherst, NY) used at high power and the 
Demi unit (Kerr Corp., Orange, CA). Participants also 
used the VALO unit in the plasma mode for two 3-second 
curing cycles. 

For each simulated curing exposure, custom software 
(24/7, Halifax, NS) recorded the irradiance delivered to 
the preparation site in real time. The software calculated 
the resulting real-time energy density delivered to the 
3.9-mm diameter detector as the product of irradiance 
and time. Three-way analysis of variance (ANOVA) was 
used to evaluate the effect of operator, choice of curing 
light and location of the preparation on the amount of 
energy received at each preparation site. The Fisher pro-
tected least significant difference (PLSD) test for post hoc 
comparisons was used to examine pairwise differences in 
the energy density delivered by the curing units. All sta-
tistical testing was performed at a preset alpha of 0.05.

Results
The maximum possible irradiance delivered by the 

curing lights over 4 curing cycles under ideal laboratory 
conditions, with the light guide fixed directly above and 
at an angle of 90° with respect to the light detector, at 
distances of 4 mm (representing a Class I restoration) 
and 2 mm (representing a Class V restoration), varied 
by a factor of more than 2 (Table 1). In the clinical 
situation, the distance and angle are less easily controlled, 
and they change with any movements of the operator 
and the patient. Figs. 2 and 3 illustrate real-time de-
livery of irradiance to the simulated Class I and Class V 
preparations by 2 operators using the same curing  

Figure 1: Schematics of the location of the light detectors 
placed in simulated Class I and Class V preparation sites. The 
teeth were placed inside a mannequin simulation head.

Table 1  Maximum possible irradiance delivered from the 
curing lights under simulated ideal laboratory 
conditionsa

Curing light and distance

Maximum 
irradiance (mW/

cm2)b

2 mm distance to detector (simulating 
Class V restoration)

VALO (plasma power) 4130

VALO (standard power) 1590

Bluephase G2 (high power) 1482

Demi 1477

4 mm distance to detector (simulating 
Class I restoration)

VALO (plasma power) 2460

VALO (standard power) 1039

Bluephase G2 (high power) 1547

Demi 1101

aLight guide fixed at 90° directly above the light detector at distances of 2 mm and 
4 mm.
bMeasured over 4 curing cycles.
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lights: one operator delivering consistent, high levels of 
energy (part a in each figure) and the other delivering 
consistently less energy (part b in each figure). Because 
of differences in the operators’ clinical technique, there 
were clear differences in the irradiance delivered during 
the exposures. A comparison of Table 1 with Figs. 2 and 
3 indicates that the operators did not achieve the max-
imum possible irradiance. Furthermore, Figs. 2 and 3 
show the great real-time variation in irradiance delivered 
by the best operator (part a in each figure) and the worst 
operator (part b in each figure). 

The energy delivered by the operators to the Class I 
preparation site (Table 2) and the Class V preparation 
site (Table 3) varied by individual operator and with 

curing light. To determine the practical implications of 
this variation, it is useful to compare the energy density 
delivered with the minimum energy density required to 
ensure that the bottom 2 mm of Filtek Supreme com-
posite, shade A2B (3M ESPE, St. Paul, MN), reaches the 
clinically acceptable level of 80% of surface hardness 
(10 J/cm2).1 For the Class I preparation, the percentage of 
operators who delivered the minimum energy density of 
10 J/cm2 was 95% with the VALO unit in plasma mode 
and 90% with the Bluephase G2 unit (Table 2). However, 
using the Demi unit and the VALO unit in standard 
mode, only 70% and 65% of the operators, respectively, 
delivered 10 J/cm2. For the Class V preparation, the per-
centage of operators who delivered the minimum of  

Figure 2: Plot of irradiance vs. time for the individual operators delivering the highest irradiance (a) and the lowest irradiance (b) during 
simulated curing of the Class I preparation. There was substantial real-time variation in the irradiance delivered by these 2 operators. Both 
the Bluephase G2 unit and the VALO unit in standard mode deliver continuous output. The VALO unit in plasma mode, designated in the 
figure as “VALO (P),” delivers light for 3 seconds and then shuts off. For this mode, each operator was instructed to leave the unit off for 
about 3 seconds before initiating another 3-second curing cycle. For display purposes only, the pause time on the VALO unit in plasma 
mode was adjusted to fit with the 10-second overall curing time on these charts. The Demi curing light delivers light pulses every second. 

Figure 3: Plot of irradiance vs. time for the individual operators delivering the highest irradiance (a) and the lowest irradiance (b) during 
simulated curing of the Class V preparation. Again, there was substantial real-time variation in the irradiance delivered by these 2 oper-
ators. Both the Bluephase G2 unit and the VALO unit in standard mode deliver continuous output. The VALO unit in plasma mode, 
designated in the figure as “VALO (P),” delivers light for 3 seconds and then shuts off. For display purposes only, the pause time on the 
VALO unit in plasma mode was adjusted to fit with the 10-second overall curing time on these charts. For this mode, each operator was 
instructed to leave the unit off for about 3 seconds before initiating another 3-second curing cycle. The Demi curing light delivers light 
pulses every second.
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10 J/cm2 was lower for each curing light: 70% for the 
VALO unit in plasma mode, 50% for the VALO unit in 
standard mode, 20% for the Bluephase G2 unit and 15% 
for the Demi unit (Table 3). 

Summary statistics for the total light energy delivered 
by all operators (n = 20) are reported in Table 4. In gen-
eral, the coefficient of variation for a given curing light 
was greater for the Class V preparation, except for the 
VALO unit operated in standard mode for 10 seconds. 
(Table 4). The correlations determined by 3-way ANOVA 
(Table 5) indicated no significant difference between 
dentist and student operators (p = 0.90). However, as a 
group, the 20 operators delivered significantly less energy 
to the Class V preparation than to the Class I prepara-
tion (p < 0.001). There was also a significant difference in 
the amount of energy delivered by each curing light  
(p < 0.001). At the Class I location, the VALO unit oper-
ated in plasma mode for two 3-second cycles delivered 
the most energy (16.4 ± 3.1 J/cm2) and the same unit 

operated in standard mode for 10 seconds delivered the 
least (9.9 ± 2.4 J/cm2) (p < 0.05; Fisher PLSD test for post 
hoc pairwise comparisons). At the Class V location, the 
VALO unit operated in plasma mode for two 3-second 
cycles delivered the most energy (12.5 ± 4.0 J/cm2), and 
the Demi unit, operated for 10 seconds, delivered the 
least energy (7.4 ± 2.5 J/cm2) (p < 0.05; Fisher PLSD test 
for post hoc pairwise comparisons). 

Discussion
As shown in Tables 4 and 5, the light energy deliv-

ered to the Class I (Table 2) and Class V (Table 3) prep-
arations varied significantly among the 20 operators (the 
range was from 2.6 J/cm2 to 20.4 J/cm2). Furthermore, the 
energy density delivered to the Class V preparation in 
the buccal region of tooth 37 was markedly less than that 
delivered to the occlusal Class I preparation in tooth 26 
for 3 of the 4 experimental conditions (VALO unit used 
for two 3-second cycles in plasma mode, Bluephase G2 

Table 2 Energy density delivered to simulated Class I preparation by individual operatorsa 

Curing light; energy density (J/cm2)

Operator
VALO 2 × 3 s  

(plasma power)
VALO 10 s 

 (standard power)
Bluephase G2 

10 s (high power)
Demi 
10 s

1 17.2 12.3 11.7 11.2
2 20.4 12.3 13.7 13.4
3 19.3 12.1 11.5 10.0
4 13.9 7.5 12.4 8.3
5 12.5 7.2 6.8 6.4
6 14.9 8.1 13.7 9.9
7 17.4 10.9 13.0 11.3
8 19.6 11.5 11.1 12.7
9 17.7 10.8 14.5 12.7
10 18.0 3.5 14.3 10.8
11 19.8 5.2 13.3 6.5
12 13.9 10.3 10.9 10.3
13 12.2 9.6 13.5 8.9
14 17.8 11.4 13.4 10.1
15 14.4 10.9 13.0 11.6
16 17.6 11.9 12.6 13.0
17 18.8 11.2 12.0 13.7
18 19.2 10.9 12.6 10.6
19 8.8 10.5 9.9 6.5
20 15.2 9.6 11.1 10.1
% of operators delivering  
at least 10 J/cm2

95 65 90 70

aIn accordance with requirements of the Dalhousie University Health Sciences Research Ethics Board, the operator numbers used in this table do not correspond to those in 
Table 3.
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Table 4 Summary data for energy density (J/cm2) delivered to Class I and Class V preparation sites by 20 operatorsa

Class I Class V

Curing light and curing time Mean ± SD Range CV Mean ± SD Range CV

VALO (plasma mode, 2 × 3 s) 16.4 ± 3.1 8.8–20.4 0.19 12.5 ± 4.0 4.4–17.4 0.32

VALO (standard mode, 10 s) 9.9 ± 2.4a 6.8–14.5 0.24 10.5 ± 2.4 6.1–14.2 0.23

Bluephase G2 (high power, 10 s) 12.2 ± 1.8 3.5–12.3 0.15 8.4 ± 2.2b 3.9–10.8 0.26

Demi (10 s) 10.4 ± 2.2a 6.4–13.7 0.21 7.4 ± 2.5b 2.6–11.7 0.34

SD = standard deviation, CV = coefficient of variation.
aEnergy density values that did not differ significantly (Fisher protected least significant difference test, p < 0.05) at the Class I location. 
bEnergy density values that did not differ significantly (Fisher protected least significant difference test, p < 0.05) at the Class V location. 

unit used for 10 seconds in high power mode and Demi 
unit used for 10 seconds). This difference indicates that 
accessibility to a restoration site has a significant effect 
on the clinician’s ability to deliver adequate energy from 
the curing light to the restoration. Figs. 2 and 3 provide 
qualitative examples of the ability of the MARC system to 
track the irradiance delivered over time by each clinician. 

Using the same curing lights, one operator (Figs. 2a and 
3a) delivered much higher and more consistent irradi-
ance and energy than another operator (Figs. 2b and 3b) 
for the same types of restorative scenarios. This differ-
ence in performance illustrates the critical role of oper-
ator technique in delivering adequate energy density to 
a restoration. The VALO unit, used in the plasma mode 

Table 3 Energy density delivered to simulated Class V preparations by individual operatorsa

Curing light; energy density (J/cm2)

Operator
VALO 2 × 3 s  

(plasma power)
VALO 10 s  

(standard power)
Bluephase G2  

10 s (high power)
Demi 
10 s

1 13.4 9.7 4.3 2.8
2 13.9 12.0 6.1 6.8
3 14.7 10.5 5.4 4.1
4 13.8 13.5 9.9 11.7
5 17.4 12.2 7.9 6.3
6 6.7 7.7 5.7 5.1
7 16.9 8.3 9.2 8.7
8 16.7 12.6 9.7 10.8
9 8.0 9.5 8.4 5.8
10 15.5 12.9 8.5 7.5
11 17.4 12.7 9.5 7.7
12 4.4 12.6 10.8 11.1
13 13.0 8.3 9.5 8.2
14 8.4 9.1 8.1 7.4
15 8.8 7.3 10.7 7.8
16 11.7 14.2 9.1 7.8
17 6.1 6.1 3.9 2.6
18 14.8 13.0 10.4 9.1
19 15.2 9.9 10.8 9.5
20 13.3 8.9 9.3 6.8
% of operators 
delivering at least 10 J/cm2

70 50 20 15

aIn accordance with requirements of the Dalhousie University Health Sciences Research Ethics Board, the operator numbers used in this table do not correspond to those in 
Table 2.
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Figure 4: Simulated curing of Class I and Class V preparations 
with the VALO curing light. This unit was relatively easy to pos-
ition between the cusps of the molar tooth, but the curved  
lens made it difficult to keep this light stationary over the  
Class V preparation.

Figure 5: Simulated curing of Class I and Class V preparations by 
means of a curing light with a light guide. The Class V preparation 
site in tooth 37 was difficult to access because of the curing unit’s 
light guide and the limited space between the mannequin’s rubber 
cheek and the tooth. The end of the light guide is not perpendicular 
to the detector (arrow). 

Table 5 Three-way analysis of variance table showing the effects of operator group, location of preparation (Class I or Class V) 
and the curing light on energy density received by simulated preparations

Source of variation DF Sum of squares Mean square F value p value λ Power

Operator (dentist v. student) 1 0.111 0.111 0.015 0.90 0.015 0.052

Curing unit 3 700.335 233.445 31.901 < 0.001 95.703 1.000

Location 1 259.604 259.604 35.476 < 0.001 35.476 1.000

Operator * curing unit 3 6.449 2.150 0.294 0.83 0.881 0.105

Operator * location 1 3.117 3.117 0.426 0.52 0.426 0.097

Curing unit * location 3 142.448 47.483 6.489 < 0.001 19.466 0.976

Operator * curing unit * location 3 3.935 1.312 0.179 0.91 0.538 0.082

Residual 144 1053.767 7.318

DF = degrees of freedom.

for two 3-second cycles, had a low coefficient of variation 
(0.19) in the amount of energy delivered at the Class I 
location. Fig. 4 illustrates how the curved lens at the end 
of this curing light rested between the cusp tips, which 
would help the operator to stabilize the light over the 
detector at the Class I location. Conversely, Fig. 5 shows 
that the Class V preparation in tooth 37 was difficult 
to access for lights with a light guide, such as the Demi 
and Bluephase G2 curing lights. It was difficult for the 
operators to position these units directly over the Class V 
preparation because of limited space between the rubber 
cheeks of the mannequin and the tooth, and the energy 
density delivered was reduced accordingly (Table 4). A 
similar result would be expected in the clinical setting, 
with the patient’s cheek interfering with positioning of 
the tip of the light guide directly over a Class V prepara-
tion. Although it was easier to reach the Class V prepara-
tion with the VALO unit, this light, when operated in the 

plasma mode, had a higher coefficient of variation (0.32) 
at the Class V location than the Class I location, possibly 
because the light had to be turned on twice to perform 
the two 3-second curing cycles. This manoeuvre required 
some repositioning of the light by the operators.

On the basis of a previous study,1 the target for en-
ergy delivery was set at 10 J/cm2, with the knowledge 
that more or less energy might be required to adequately 
polymerize some resins.1-7 The fact that many operators 
could not deliver the clinically relevant energy density of  
10 J/cm2 suggests that some resin restorations placed in 
clinical practice may not be sufficiently polymerized. 
Failure to deliver the necessary energy for polymeriza-
tion of a restoration may contribute to secondary caries, 
fracture of the restoration and marginal defects, which 
are the major reasons for failure of resin composite 
restorations.44-46
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Clinical Implications
This study transfers curing light research from the 

laboratory environment to a clinical setting and has real-
life implications. The results reported here illustrate the 
significant effects of operator technique, curing light and 
preparation location on the amount of energy delivered 
to a restoration.

The MARC device uses a laboratory-grade, NIST-
referenced spectroradiometer to measure the irradiance 
delivered to simulated preparations. As such, the mea-
surements obtained in this study are more accurate than 
those generated by dental radiometers.22,23 The observa-
tion that insufficient light energy may be delivered to 
preparations has both research and clinical implications. 
During laboratory research with a curing light, the unit 
is typically clamped rigidly directly over the specimen, 
which minimizes variability in the amount of energy 
delivered and helps to ensure that the specimens undergo 
adequate curing, as long as the required energy level is 
achieved. However, in this study there was much vari-
ability among clinical operators using the same curing 
light (Tables 2 and 3). Also, although many operators 
delivered less than 10 J/cm2, some delivered more. Given 
the potential for unacceptable temperature increases in 
the pulp and the oral soft tissues caused by delivering too 
much energy, as well as the potential for thermal damage 
to the pulp,36-40 it is inappropriate to arbitrarily increase 
exposure times without knowing how much energy is 
actually being delivered to the restoration.

Limitations
The lights used in this study were all relatively new 

and well maintained and as such probably delivered 
a higher irradiance than many of the curing lights in  
private practice.47 It is recognized that only one unit of each 
type of curing light was used in this study and that longer 
exposure times would deliver more energy. However,  
the irradiance delivered by each light was considered 
representative for the brand, and the curing lights  
selected for this study were thought to be representative 
of the wide variety of currently available models. Also, 
the exposure times used were those recommended by 
the manufacturers for curing a 2-mm increment of shade 
A3.5 or darker.

Conclusions
In this study, there was no difference between  

dentists and fourth-year dental students in their 
ability to deliver energy to a simulated preparation. 
However, the amount of energy delivered by individual  
operators varied widely, with a range from 2.6 J/cm2 up to 

20.4 J/cm2. Furthermore, individual operators delivered 
different amounts of energy to Class I and Class V prepar-
ations with the same light units. Across all operators and  

light-curing units, significantly lower energy density 
was delivered to the Class V preparation than to the  
Class I preparation. a
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