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ABSTRACT
Purpose: To measure the amount of light energy that dental students actually deliver to
a Class I preparation in a dental mannequin.
Materials and Methods: Approval for the study was obtained from the Dalhousie
University Health Sciences Research Ethics Board. Each of 20 third-year dental students
light-cured a Class I preparation in tooth 27 in a mannequin head. A photodetector
located at the bottom of the cavity preparation measured how much light would be
received by a restoration. Each student cured the simulated restoration for 20 seconds
using a quartz–tungsten–halogen curing light (Optilux 401). The irradiance received
(mW/cm2) was recorded in real time, and the energy per unit area (J/cm2) delivered to the
detector by each student was calculated. The students were then given detailed instructions on how to effectively use the curing light, and the experiment was repeated.
Results: When the curing light was fixed directly over the tooth, the greatest amount of
light energy delivered to the detector in 20 seconds was 13.9 ± 0.4 J/cm2. Before instruction, the students delivered between 2.0 and 12.0 J/cm2 (mean ± standard deviation
[SD]: 7.9 ± 2.7 J/cm2). After receiving detailed instructions, the same students delivered
between 7.7 and 13.4 J/cm2 (mean ± SD: 10.0 ± 1.4 J/cm2). A paired student’s t test showed
that instruction resulted in a significant improvement (p < 0.001).
Conclusions: Although instruction yielded improvements, the mean energy delivered was
much less (7.9 J/cm2 before instruction and 10.0 J/cm2 after instruction) than the expected
13.9 J/cm2. To maximize the energy delivered, the operator should wear eye protection,
should watch what he or she is doing and should hold the light both close to and perpendicular to the restoration.
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C

linicians face a number of challenges
when they use light to cure a restoration.
The intraoral space is relatively small
and inaccessible, which may prevent a good
view of the restoration. There are also several
hard-to-reach areas, such as the distal aspect
of the maxillary molars and the lingual aspect of the mandibular incisors, and it can
be difficult to position the light guide close

to and perpendicular to these surfaces. Thus,
one can reasonably assume that the amount
of light delivered to a restoration under ideal
laboratory conditions could be quite different
from what is actually delivered in the clinical
setting.
Most research studies that have measured
the output from dental curing lights have
done so under ideal conditions, with the end
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Figure 1a: Detector positioned
in tooth 27, simulating the position of resin 2 mm from the
cavosurface margin.

Figure 1b: Curing light delivering light to the tooth
in a mannequin head attached to a dental chair.

of the light fixed as close as possible to the light meter.
The ability of lights to cure resin composites is also usually tested with the curing light fixed directly over and
perpendicular to the specimen. From this type of laboratory research, it is generally recommended that a 2-mm
thick specimen of dental resin should receive between
12 and 24 J/cm 2 of energy per unit area (also called energy density) for adequate polymerization.1-5 Yap and
Seneviratne4 reported that 12 J/cm 2 was enough energy to
adequately polymerize a 2-mm thick increment of Filtek
Z100 composite (3M ESPE, St. Paul, MN). Fan and colleagues5 reported that 6 to 12 J/cm 2 was sufficient to cure
most resin composites to a depth of 1.5 mm, but some
composites required more than 18 J/cm 2 to achieve an acceptable depth of curing of 1.5 mm. Despite these data, it
has been reported that some resin composites may beneﬁt
from receiving as much as 36 J/cm 2 , depending on the
brand and shade.6
Resin manufacturers rarely specify how much energy is required to adequately cure their products, but
it is sometimes possible to calculate the required energy
per unit area from the product of the values for recommended curing times (seconds) and recommended minimum irradiance (mW/cm 2).7,8 When the amount of light
energy received by the resin is inadequate, the resin will
be inadequately polymerized. This is undesirable, because
both the physical and the chemical properties of the
restoration will be compromised.9-18 In addition, the biocompatibility of the resin restoration is adversely affected
2 of 8

Figure 2: One of the authors demonstrating
proper light-curing technique. She is looking
at the preparation, wearing eye protection,
stabilizing the light with her hand and paying
attention.

by undercuring.19-23 Hardness testing is a reliable and
commonly used method to test how well a resin has been
cured. The Knoop microhardness test is one of the best
methods for testing the hardness of resin composites,
and a good correlation has been reported between degree
of conversion of the resin and the Knoop microhardness
value.18,24
The purpose of this study was to determine how much
energy (J/cm 2) third-year dental students actually delivered to a Class I preparation in a mannequin head. The
first hypothesis was that the energy delivered would be
greater than 10 J/cm 2. The second hypothesis was that the
students would deliver more energy after receiving additional instructions on how to effectively use the curing
light.
Materials and Methods
Appropriate approval from the Dalhousie University
Health Sciences Research Ethics Board was obtained for
this study. The Ethics Board required that all of the participants remain anonymous.
The irradiance and energy per unit area delivered
to a 6.2-mm diameter Class I preparation in tooth 27
was measured using a photodetector (CC3-UV, Ocean
Optics, Dunedin, FL) located at the bottom of the cavity
preparation. The detector was 3.9 mm in diameter and
was fixed 2 mm from the cavosurface margin and 4 mm
from the cusp tip (Fig. 1a). As such, the light detector
measured the irradiance (mW/cm 2) that would be re-
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ceived by the top surface of a restoration that was 2 mm
from the cavosurface margin and 4 mm from the end of
the light guide. The detector was attached by a fibre optic
cable to a spectroradiometer (USB 4000, Ocean Optics).
To simulate the optical characteristics of a human tooth,
the maxillary molar tooth holding the detector was made
from Vit-l-escence shade A2 dental composite (Ultradent,
South Jordan, UT). Before use, the light detector was calibrated using a light source (LS-1-CAL, Ocean Optics)
with calibration traceable through the National Institute
of Standards and Technology (Gaithersburg, MD). To
simulate a clinical setting, the tooth containing the light
detector was placed in a dental typodont, and the mannequin head was attached to a dental chair (Fig. 1b).
Twenty third-year dental students, who had all used
the same dental curing light in both instructional and
clinical settings, volunteered to participate in the study.
Each student was identified by a unique number from 1
to 20. The students were instructed to adjust the chair and
mannequin head as if a patient was sitting in the chair
and then to cure the simulated restoration in the Class I
preparation exactly as they would for their patients. They
all used the same quartz–tungsten–halogen (QTH) light
with a 10-mm standard light guide (Optilux 401, Kerr
Corporation, Orange, CA), and the light output from the
unit was monitored for consistency throughout the study.
To simulate curing Filtek Supreme resin (3M ESPE), the
students followed the manufacturer’s instructions25 and
light-cured the simulated restoration for 20 seconds. The
irradiance (mW/cm 2) received by the detector was measured in real time, and the energy delivered (J/cm2) was
calculated.
In a pilot project, it had been noted that those students who delivered a low irradiance and a low amount
of energy to the tooth did not wear the orange protective
eyeglasses that were available, did not look at the preparation, did not stabilize the curing light with one hand or
did not pay attention to what they were doing. Therefore,
these principles were used in teaching each student how
to optimize delivery of light to a dental restoration. The
students were specifically instructed to wear eye protection, to look at the preparation, to stabilize the light
as close as possible to the restoration and to pay attention (Fig. 2). The students then repeated the experiment.
Because of software limitations, neither the researcher
nor the students knew how much energy had been delivered before instruction and thus both were blinded as
to the amount of energy delivered. Instead, the energy
delivered by each student before and after instruction was
calculated after the experiment was complete. The results
were then subjected to analysis of variance, followed by a
paired student’s t test (α = 0.05).
The manufacturer of Filtek Supreme resin does not
state how much energy is required to adequately cure
this composite;25 it was therefore necessary to determine

Table 1

Effect of delivering different amounts of energy
(J/cm2) on Knoop hardness (KHN) at top and
bottom of 2-mm thick specimens of Filtek
Supreme A2B resin composite

Energy
delivered
(J/cm2)

Top

Bottom

Bottom KHN as
% of maximum
top value (73.7)b

2

59.7 ± 1.4

29.5 ± 3.5

40.0

3

66.5 ± 1.1

36.5 ± 2.8

49.5

4

68.7 ± 1.6

45.0 ± 2.5

61.1

5

69.3 ± 1.0

49.3 ± 5.7

66.9

6

70.0 ± 1.5

51.9 ± 3.9

70.4

7

70.0 ± 0.4

54.1 ± 1.8

73.4

8

70.9 ± 0.4

54.6 ± 2.4

74.1

9

71.7 ± 0.3

58.2 ± 3.3

79.0

10

72.1 ± 1.0

59.2 ± 1.8

80.3

20

73.7 ± 1.6

64.7 ± 2.3

87.8

Mean KHNa ± SD

Mean ± standard deviation (SD) of 3 repetitions, with 9 recordings on each
surface (i.e., n = 27 KHN recordings at each surface and each energy level).
b
This column presents the mean KHN at the bottom of the specimen as a percentage
of the maximum hardness achieved at the top of the specimen (i.e., 73.7, after delivery
of 20 J/cm2). At least 10 J/cm2 was required for the bottom surface to reach 80% of the
maximum hardness achieved at the top.
a

a minimum acceptable energy dose for this composite. A
bottom–top surface hardness ratio of 80% has been suggested to be clinically acceptable when a resin composite
has been cured.26 To determine how much energy was
necessary to adequately cure a 2-mm thick specimen of
Filtek Supreme resin composite, shade A2B, different
amounts of energy were delivered from a QTH curing
light to test specimens of this composite. To prepare each
specimen, a metal ring (2 mm thick, with internal diameter 6 mm) was placed on a Mylar polyester strip (DuPont
Co., Wilmington, DE), filled with Filtek Supreme A2B
composite and then covered with another Mylar polyester
strip. A glass slide was pressed down over the specimen
to produce a smooth, flat surface. To provide a clinically relevant reflective background surface, the specimen
was cured over a flat rectangular slab of shade A2 resin
composite (Vit-l-essence, Ultradent). 26,27 The QTH light
was left on for various periods of time, such that the composite specimens were cured with 10 different amounts of
energy, from 2 to 20 J/cm 2. Three specimens were lightcured at each energy level, in random order. The samples
were stored in air for 24 hours in the dark at room temperature to allow for post-curing. The Mylar polyester
strips were then removed, and the Knoop microhardness
at the top and bottom surfaces of the specimens was
measured using an automated hardness-testing machine
(model HM 123, Mitutoyo Canada Inc., Mississauga, ON)
and a 50-g indenter load. The hardness tester was prepro-
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Table 2a Comparison of energy delivered by students before and after additional instruction about light-curing
No. of students

Mean energy
delivered (J/cm2)

SD

SE

Before instruction

20

7.9

2.7

0.6

After instruction

20

10.0

1.4

0.3

Timing of test

SD = standard deviation, SE = standard error.

Table 2b Results of analysis of variance (ANOVA) comparing energy delivered by students before and after further instruction
about light-curing
Source
of variation

DF

Sums of
squares

Mean
square

F value

p value

Group

1

47.111

47.111

10.203

0.003

Residual

38

175.461

4.617

λ
10.203

Power
0.893

DF = degrees of freedom.

grammed to measure 9 Knoop hardness values over the
surface of the specimen in a matrix pattern, ensuring at
least a 1-mm buffer area of composite around the edge
of the specimen. This buffer minimized inclusion of data
for areas where the mould might have affected resin
polymerization.28 The amount of energy required for the
bottom surface of the 2-mm thick disks to reach 80% of
the maximum Knoop microhardness reached at the top
surface was calculated.26
To determine the theoretical maximum amount of
energy that could be delivered to the 3.9 mm diameter
light detector in 20 seconds, the end of the light guide was
positioned in contact with the cusp tip. The light guide
was positioned directly over and perpendicular to the
detector, which was at a distance of 4 mm from the end
of the light guide. The curing light was clamped in place
over the tooth, and the greatest amount of light energy
delivered to the detector in 20 seconds was measured.
The typodont and curing light were then repositioned.
The energy measurements were repeated 3 times, and the
mean maximum energy (J/cm 2) that was delivered to the
top of the simulated restoration was calculated.
To investigate why some students still delivered a low
irradiance after instruction, even though they held the
curing light stationary, the effect of changing the angle
of the light guide relative to the tooth was examined
under laboratory conditions. The irradiance received by
the detector in the tooth was measured with the end of
the light guide at angles of 0°, 15°, 30°, 45° and 60° relative
to the end of the light detector. The same QTH light
(Optilux 401) was applied for 20 seconds, and the energy
delivered to the detector was measured 3 times at each angle.

bottom surface to reach 80% of the maximum hardness
reached at the top (Table 1). Under controlled laboratory conditions, when the tooth and typodont were fully
accessible on the laboratory bench, a mean irradiance
of 695 mW/cm 2 was delivered to the detector, and the
greatest amount of light energy that could be delivered
in 20 seconds to the 3.9 mm diameter detector was
13.9 J/cm 2 (± standard deviation [SD]: ± 0.4 J/cm 2). Before
the students received detailed instructions about using
the curing light, the amount of energy that they were able
to deliver ranged from 2.0 to 12.0 J/cm 2 (mean ± SD: 7.9
± 2.7 J/cm 2) (Table 2a, Fig. 3). Fifteen (75%) of the students delivered less than 10 J/cm 2 of energy. After the students received additional instruction on how to use the
curing light, the amount of energy delivered increased to
between 7.7 and 13.4 J/cm2 (mean ± SD: 10.0 ± 1.4 J/cm2)
(Table 2b, Fig. 4). There was a significant difference in the
amount of energy the students delivered before and after
instruction (ANOVA, p = 0.003) (Table 2b). More specifically, after receiving additional instruction, the students
delivered 2.1 J/cm 2 more energy (19 degrees of freedom,
t = –4.949, student paired t test, p < 0.001). However, even
after receiving this additional instruction, 50% of the
students still could not deliver 10 J/cm2 of energy (Fig. 4).
In the laboratory environment, a change from 0° to
30° in the angulation of the light guide resulted in a
26% decrease in the amount of energy delivered to the
detector, but using this light still allowed delivery of
more than 10 J/cm 2 in 20 seconds (Fig. 5). Beyond 30°,
however, less than 10 J/cm 2 of energy was delivered in
20 seconds.

Results
For specimens of Filtek Supreme resin composite,
shade A2B, at least 10 J/cm 2 of energy was required for the

Discussion
In a dental clinic training setting, 20 third-year students cured a simulated Class I restoration in a maxillary
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fully accessible on the laboratory bench.
Even after further instruction, half of the
students could not deliver 10 J/cm 2 to the
simulated restoration, and the first hypothesis was rejected.
After instruction, the performance
of all students improved, and they delivered between 7.7 and 13.4 J/cm 2 of energy
(mean ± SD: 10.0 ± 1.4 J/cm2) (Fig. 4). This
improvement was statistically significant
(p < 0.001), and the mean amount of energy delivered rose from 57% to 72% of the
potential maximum (13.9 J/cm 2). Therefore,
the second hypothesis of this study was
accepted.
For this study, the minimum acceptable amount of energy to be delivered,
based on information for Filtek Supreme
resin composite shade A2B, was set at
Figure 3: Irradiance and energy delivered by individual students before they received
10 J/cm 2. As shown in Table 1, this number
additional instructions about using the curing light. The maximum energy delivered to
was not arbitrary; rather, it was the minthe detector with 20 seconds of curing was 13.9 ± 0.4 J/cm2 (mean ± standard deviation)
imum amount of energy that had to be
under optimum laboratory conditions; the mean energy delivered by the students was
7.9 ± 2.7 J/cm2.
delivered for the bottom of a 2-mm thick
specimen of this resin to reach 80% of the
hardness achieved at the top after delivery
of 20 J/cm 2 of energy. It was considered
unlikely that more than 20 J/cm 2 would
be delivered in dental practice, and there
was only a small increase in the Knoop
microhardness measured at the top surface
(from 72.1 ± 1.0 to 73.7 ± 1.6) when the
energy delivered was increased from 10 to
20 J/cm 2. However, if further increases in
the amount of energy delivered also lead
to further increases in the hardness of the
top surface, this would raise the minimum
amount of energy required for the bottom
to reach 80% of the hardness at the top.
The value of 10 J/cm 2 is also similar to
the minimum energy level suggested by
some manufacturers to adequately polymerize a 2-mm increment of their resin
composites.7,8
Figure 4: Irradiance and energy delivered by individual students after they received
additional instructions about using the curing light. The mean energy delivered by the
As the study progressed, it was noted
students was 10.0 ± 1.4 J/cm2.
that some students had excellent curing
technique, with one student delivering
96% (13.4 J/cm 2) of the potential maximum
molar tooth for 20 seconds with a QTH curing light. amount of energy, but others had poor technique. The
There was great variation in the amount of light deliv- students’ technique was related to the amount of energy
ered by individual students (Figs. 3 and 4). The average delivered, which ranged from 2.0 J/cm 2 (the lowest value
energy delivered to the Class I preparation before these before instruction) to 13.4 J/cm 2 (the highest value after
students received additional instruction on how to use instruction). As a general observation, it was common for
curing lights was 7.9 ± 2.7 J/cm 2. None of the students the students to point the curing light at the tooth, press
was able to deliver the maximum energy of 13.9 J/cm 2 the “on” button, and then look away from the bright blue
that was achieved when the tooth with the detector was light. During the ensuing 20 seconds, the curing light
JCDA • www.jcda.ca • 2010 • Vol. 76, No. 2 •
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student delivered over 20 seconds, but still,
half of the students did not deliver 10 J/cm 2 ,
probably because of errors in positioning
the light guide over the tooth. Figure 5
illustrates the effect of not holding the end
of the light guide perpendicular to the detector. As the angulation of the light guide
increased, the irradiance received by the
detector decreased, until at 30° only 10.3
± 0.3 J/cm 2 of energy was delivered. When
the light guide was misaligned by more
than 30°, the energy delivered fell below
10 J/cm 2. This effect would be even greater
for deeper preparations, where the tooth
cusps produce more shadows and prevent
the light from reaching the resin. This
Figure 5: Effect of increasing the angle between the light guide and the detector on
illustrates the importance of using proper
the energy delivered from the Optilux 401 curing light when applied for 20 seconds. The
technique and keeping the light guide perpercent reduction in energy delivered is noted within each bar. Angles that did not allow
pendicular to the restoration.
delivery of the critical amount of energy (10 J/cm2 ) are indicated in red (45° and 60°).
This study transfers light-curing research from the laboratory to a clinical
tended to drift away from the simulated restoration, as setting and has real-life implications. Using a dental
shown in Fig. 3. In the most extreme example, the curing mannequin attached to a dental chair was the only praclight shifted to a completely different tooth. This problem tical way to predict how much light energy restorations
probably also occurs in the clinical setting, where light- receive in the mouth. In the laboratory, Filtek Supreme
curing is one of the last steps in creating a restoration, resin composite shade A2B must receive at least 10 J/cm 2
at which point the practitioner’s attention (or that of of energy from the Optilux 401 QTH curing light for the
his or her assistant) may wander. After instruction that bottom surface to reach 80% of the hardness at the top
emphasized the need to use eye protection, to look at the (Table 1). The manufacturer’s curing instructions for this
preparation, to stabilize the light with one hand as close resin composite recommend 20 seconds of light curing. 25
as possible to the restoration and to pay attention, the Although this duration of curing may be sufficient in
students’ technique became more consistent, and all stu- the laboratory setting, many of the students delivered
dents delivered more energy to the tooth. This improve- less than 10 J/cm 2 to the simulated restoration in the
ment was exemplified by the reduction in the standard mannequin head with 20 seconds of light-curing, even
deviation from 2.7 J/cm 2 before instruction to 1.4 J/cm 2 after receiving additional instruction. Delivery of inafter instruction.
sufficient energy has many undesirable consequences, inThe light detector used in this study (CC3-UV, Ocean cluding inadequate physical properties,9-12 reduced bond
Optics) had a Spectralon diffusing material designed strengths,13-15 increased breakdown at the margins of the
to collect light over 180°. This eliminated the optical restoration with use,16-18 decreased biocompatibility19-21
interface problems that are associated with the sampling and potentially increased DNA damage because of leachgeometry for light collection inherent to other devices. ates.22 If the curing time had been doubled to 40 seconds
As such, the calibrated spectroradiometric measuring with the same light unit, all students would have dedevice used in this study provided an accurate record of livered 10 J/cm 2 of energy. Alternatively, use of a more
how much light would be received on the top surface of a powerful curing light would have allowed delivery of sufrestoration that was 2 mm from the cavosurface margin ficient energy, but this may cause an unacceptable rise in
and 4 mm from the end of the light guide. This was con- temperature to the tooth and surrounding tissues.29
sidered a clinically relevant position, but deeper preparaIn considering the critical minimum amount of entions would receive less light. Although the same curing ergy required to adequately cure a resin composite, it is
light was used throughout the study, there was wide important to remember that the amount of energy revariation in the students’ ability to deliver light to the res- quired depends on the product used, the type of curing
toration (Figs. 3 and 4). Before instruction, this variation light and the type of light guide.9,30-36 Some brands of
was probably a result of the students not looking at what resin composite may require more or less than 10 J/cm2 of
they were doing and allowing the light to move during energy for adequate curing. In addition, QTH lights are
the light-curing process. After additional instruction, broad-spectrum lights, whereas the various generations
there was less variation in the amount of light that each of light-emitting diode curing lights deliver markedly
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different light spectra. 34 These differences will affect the
critical minimum amount of energy needed to adequately
cure the resin. 35,36 In addition, since the performance
of a curing light is greatly affected by the design of the
light guide, the results achieved in a research study are
specific to the curing light and light guide used. 30,31,37
For example, in the present study the detector was 4 mm
away from the end of the light guide. At 6 mm from the
end of the light guide, the irradiance received from a
standard light guide has been reported to fall to 50% of
its original value. When a turbo light guide was used on
the same curing light at 6 mm, the irradiance fell to 23%
of its original value. 31
In this study, third-year dental students used a single
QTH curing light with a standard light guide. Future
studies are planned to determine how much light energy
practising dentists are able to deliver; the effects of using
different types of curing lights, different curing times
and light guides of different designs; and the amount of
energy received at different locations in the mouth.
Conclusions
There was a large range (between 2.0 and 12.0 J/cm 2)
in the amount of light energy that third-year dental students delivered to the top surface of a Class I restoration positioned 4 mm from the end of the light guide in
tooth 27, using the QTH (Optilux 401) light for 20 seconds. Fully three-quarters of the students delivered less
than 10 J/cm 2 when they performed the light-curing with
the instruction typically received by third-year dental
students at Dalhousie University.
After the students received additional instruction
about light-curing, the amount of energy delivered
increased significantly, from 7.9 ± 2.7 J/cm2 to 10.0 ±
1.4 J/cm 2 (p < 0.01), with the students using the same
light-curing unit for the same duration. In addition, after
instruction, half of the students delivered more than
10 J/cm 2. a
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