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stract

Objective: To measure the light energy that dental students delivered to a simulated Class | restoration before training, immedi-
ately after training and 4 months after training.

Methods: Thirty-eight (38) dental students used a single light-emitting diode curing light (SmartLite iQ2, Dentsply) to cure, for 10
seconds, a simulated Class | restoration positioned in the Managing Accurate Resin Curing - Patient Simulator (BlueLight analytics
inc.). The students then attended an instructional lecture and received individualized instruction on optimizing their light-curing
technique. The students were retested immediately after instruction and again 4 months later (without further instruction). The
irradiance and energy delivered during light-curing were calculated for each student at all 3 time points. Mean values were calcu-
lated and compared.

Results: Before instruction, the students delivered between 0.1 and 7.2 J/cm? of energy (mean = standard deviation [SD] 4.1 + 1.7 J/
cm?). After instruction, the same students delivered between 5.8 and 7.5 J/cm? of energy (mean = SD 6.7 = 0.4 J/cm2). Analysis
of variance and Fisher’s Protected Least Significant Difference tests showed that instruction with the patient simulator led to a
significant improvement in the amount of energy delivered and that the students retained this information. When retested 4
montbhs later, the students delivered between 4.2 and 7.9 J/cm? of energy (mean £ SD 6.1 £1.1 J/cm?). Although this was less energy
than immediately after instruction, the decline was not significant (p = 0.44).

Conclusions: Provision of immediate feedback on light-curing technique and instruction on how to avoid mistakes led to a signifi-
cant and lasting improvement in the amount of energy delivered by the students.

ccording to an American Dental (LCU) has become an indispensable
AAssociation survey, an esti- piece of equipment in dental offices.
mated 146 million resin restor- It therefore follows that students,
ations and sealants were placed during dentists, hygienists and dental assist-
2005/2006." Given that almost all of  ants should be taught how to properly
these restorations would have used use the LCU. Until recently, it has not

light-cured resins, it can be concluded ~ been possible for clinicians, whether
that the dental light-curing unit students and dentists, to deter-
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mine how much light energy was being delivered
during light-curing with an LCU. The light-curing
process appears easy: simply press a button, expose
the resin for a few seconds and, on the surface at
least, the restoration appears fully cured. However,
hardness of the surface of the restoration does
not indicate adequate curing of the entire restora-
tion. This situation is of concern, given reports
that inadequate polymerization adversely affects
the resin’s physical properties,”” reduces bond
strength,’**° increases wear and breakdown at the
margins,®” decreases biocompatibility of the resin
restoration'®'? and increases bacterial colonization
of the resin in the restoration.’” Equally undesir-
able is the delivery of too much energy to the
tooth, as this may cause thermal damage to the
pulp and exposed oral tissues."*"”

The user faces many challenges during light-
curing of resin restorations. For example, access to
the tooth may be limited, and it is often difficult to
position the tip of the LCU at 90° (perpendicular)
to the resin surface. Incorrect positioning can lead
to shadows and an inadequate amount of light
reaching the resin. In addition, many LCUs used
in dental offices do not deliver as much light as the
manufacturer claims or the user thinks, because
of deterioration of the light source, reflectors or
filters or because of debris on the end of the light
guide.®?* A recent study,” involving use of up-
to-date and properly functioning LCUs, demon-
strated that the operator’s ability to correctly use
the LCU affects the amount of light that reaches
the resin. More specifically, that study examined
the ability of 20 dental professionals to deliver
energy to simulated restorations in a dental man-
nequin. Even though the study participants used
the same 3 LCUs on the same tooth for the same
exposure time, there was a 4-fold variation in the
amount of energy that they delivered.” This wide
range in clinicians’ ability to deliver the energy
required to adequately cure a resin restoration may
help to explain why the median longevity of direct
posterior resin restorations placed in dental offices
is only 6 years,”»* even though Ferracane* and
Opdam and colleagues” have shown that such res-
torations can theoretically last as long as amalgam
restorations. Reduced longevity is of special con-
cern, given that resin composite is now the pri-
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mary choice for posterior restorations in many
countries.*

The radiant energy (E) received by a restora-
tion can be defined as the mathematical product
of irradiance (I) and exposure time (f): E =1 x t.
Although resin manufacturers rarely specify the
amount of energy (J/cm?) required to adequately
cure their products, it is possible to calculate this
energy as the product of recommended curing
times (seconds) and recommended minimum
irradiance (mW/cm?). Unfortunately, the typical
clinician has no way of knowing how much irradi-
ance, and thus energy, is being delivered to res-
torations because of the inaccuracy of dental radi-
ometers.”*?’ In addition, dental radiometers report
only the irradiance at the tip end of the LCU, not
irradiance or energy received by the resin res-
toration. It has been reported that distance can
significantly affect irradiance received, as well as
homogeneity of light beam, extent of resin curing
and bond strengths.>*°** Thus, tip irradiance gives
little indication of the energy that the surface of
a resin restoration, typically 7 mm away from the
light tip, will receive.?>*

Simulation using advanced technology has
become prominent in health care, and simulators
have been recognized as an important aspect of
health care training.** In addition, simulators may
help to identify students who need early instruc-
tional intervention.” A recently introduced simu-
lation device, Managing Accurate Resin Curing -
Patient Simulator (MARC-PS, BlueLight analytics
inc., Halifax, NS), uses a laboratory-grade spec-
troradiometer to accurately measure the irradi-
ance, spectrum and energy received by simulated
resin restorations in a dental mannequin.?**

The purpose of this study was to determine the
quantity of energy that dental students delivered in
10 seconds to a simulated Class I restoration. The
first hypothesis was that the energy delivered by
the students would be greater than the minimum
6 J/cm? necessary to cure resins, as reported by
Fan and colleagues.” The second hypothesis was
that the students would deliver more energy after
receiving additional simulator-based instruction
on optimal use of an LCU. The third hypothesis
was that the students would retain the improved
ability to use the LCU for 4 months.
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Methods

Appropriate approval was obtained from the
Dalhousie University Health Sciences Research
Ethics Board. Thirty-eight dental students, all at
the end of their first year of study, were recruited.
All of the students had been taught how to use an
LCU (although not with the MARC-PS system),
and all had used LCUs in their preclinical courses.
The irradiance and energy delivered by each stu-
dent to the same simulated Class I restoration in
the upper left maxillary second molar (tooth 27)
in a MARC-PS unit was measured before and
immediately after further light-curing instruction
with the MARC-PS system. In their preclinical
courses, all of the students had used a dental man-
nequin similar to the MARC-PS mannequin. The
irradiance received was measured with a CC3 light
detector (Ocean Optics, Dunedin, FL) attached
by a fibre optic cable to a laboratory-grade spec-
trometer (USB 4000, Ocean Optics) placed at
the bottom of the cavity preparation. The CC3
detector was fixed at 2 mm from the cavosurface
margin and 4 mm from the cusp tip (Fig. 1). As
such, the detector measured the irradiance that
would be received by the top surface of the resin
(i.e., 2 mm from the cavosurface margin and 4
mm from the end of the light guide). To simu-
late the optical characteristics of a human tooth,
the maxillary molar tooth housing the detector
was made from a flowable resin composite (Filtek
Flow, Shade A2, 3M-ESPE, St. Paul, MN). Before
use, the MARC-PS system was calibrated using an
NIST-traceable (National Institute of Standards
and Technology, Gaithersburg, MD) high-power
light source (HL-2000-HP, Ocean Optics). The
irradiance (mW/cm?) received by the detector
from a SmartLite iQ2 LCU (Dentsply, Milford,
DE) was measured in real time, and the energy
delivered (J/cm?) was calculated automatically by
the MARC software after the LCU had been used
for 10 seconds. This 10-second curing time was in
accordance with the manufacturer’s instructions
for several resins.*® An experienced operator also
tested the LCU with the MARC-PS system under
ideal conditions at the beginning and end of each
phase of the study to confirm that the light output
remained constant.
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Figure 1: The detector in the maxillary second molar (tooth 27) in Managing
Accurate Resin Curing — Patient Simulator simulates the position of the top
surface of a resin composite in the preparation. The distance from the tip of
the curing light to the top of the detector (CC3 detector, Ocean Optics) or to
the top of the simulated resin surface is 4.0 mm. The proximal box is above the

cementoenamel junction (CEJ).

The students were observed as they cured the
simulated restoration and any deficiencies in tech-
nique were noted for use during individualized
instruction.

Following these observations, the students
attended a lecture, which was followed by indi-
vidual coaching and feedback using the MARC-PS
system. The students were shown how easily mis-
takes can occur when they are using an LCU and
how to optimize their light-curing technique. They
were specifically instructed to wear eye protec-
tion, to look at the restoration being cured, to sta-
bilize the light as close as possible to the restora-
tion and to pay attention to what they were doing.
The students were asked to repeat the curing pro-
cess, using all of the same equipment, immediately
after the instruction section and again 4 months
later, just after they had completed a second-year
preclinical course on placing posterior resin com-
posite restorations. The energy delivered before
and after instruction was subjected to analysis
of variance followed by Fisher’s Protected Least
Significant Difference (PLSD) post hoc multiple-
comparison tests, with p values less than 0.01 con-
sidered significant.

To determine the theoretical maximum
amount of energy that could be delivered in 10
seconds, the end of the light guide was positioned
in contact with the cusp tip and perpendicular to
the CC3 detector, which was 4 mm distant from

*30f8¢



J Can Dent Assoc 2012;78:¢123

*40f8e

jcdae

Table 1 Energy delivered by students before and after receiving additional light-curing instruction?

Time frame

Before instruction

4 months after instruction

Energy delivered (J/cm?)®

“The same students were tested at each time point. Each student used the same light-curing unit for 10 seconds on the same tooth. The
maximum amount of energy that could be delivered in 10 seconds was 8.0 J/cm?.

"Amounts of energy delivered immediately after instruction and 4 months after instruction were each significantly different from the amount
of energy delivered before instruction (p < 0.01), but there was no significant difference between the amount of energy delivered immediately
after instruction and the amount delivered 4 months later (p = 0.44) (Fisher’s Protected Least Significant Difference post hoc multiple-

comparison tests).

the tip of the light guide. The LCU was clamped
rigidly over the tooth, and the amount of light
energy delivered in 10 seconds under these ideal
conditions was measured. The typodont and the
LCU were then repositioned and the measure-
ments repeated 3 times. The mean of these 4 meas-
urements was then calculated.

Results

Under ideal laboratory conditions, with the
tooth and typodont fully accessible on the labora-
tory bench, the maximum amount of light energy
that could be delivered in 10 seconds (mean *
standard deviation [SD]) was 8.0 + 0.4 J/cm?.

Before attending the instructional lecture and
demonstration on light-curing, 32 (84%) of the 38
students were unable to deliver the predefined,
minimally acceptable amount of energy (6 J/cm?)*.
Figure 2 illustrates the wide variation in irradi-
ance and energy delivered by the students before
instruction. It was noted that students who con-
sistently delivered a low amount of energy did not
wear the orange protective eyeglasses that were
readily available, did not look at the preparation
when using the LCU, did not stabilize the LCU tip
with one hand and did not pay sufficient attention
to what they were doing when using the LCU.

After additional instruction on optimal use
of the LCU and one practice session with the
MARC-PS system, the amount of energy deliv-
ered by the 38 students increased significantly,
from 4.1 to 6.7 J/cm? (p < 0.01, Fisher’s PLSD)
(Figure 3, Table 1), and 36 (95%) of the students
delivered at least 6 J/cm?. Four months later, the

students were tested again with the MARC-PS
system. During the intervening 4 months, the stu-
dents used an LCU (as part of their dental educa-
tion), but they did not use the MARC-PS system.
At that time, all but one of the students used
the optional eye protection. After the 4-month
interval, the energy delivered declined slightly, to
6.1 J/cm? (Table 1), but this difference was not sig-
nificant (p = 0.44, Fisher’s PLSD) and the amount
of energy remained significantly greater than the
baseline energy delivered (p < 0.01, Fisher’s PLSD).
Furthermore, after the 4-month interval, 23 (61%)
of the students delivered the minimum threshold
of energy.

Discussion

This study illustrates how easily mistakes can
occur during the light-curing process and shows
the importance of using proper technique to
deliver the greatest amount of light from an LCU
to a restoration. In this simulated clinical environ-
ment, the MARC-PS system was used to measure
first-year dental students’ ability to deliver light
to a simulated Class I restoration in a maxillary
molar. Before the students received additional
light-curing instruction, the average total energy
received by the Class I preparation was 4.1 + 1.7 ]/
cm?, and 84% of the students did not deliver the
minimal requirement of 6 J/cm? of energy to pro-
duce adequate curing. Therefore, the first hypoth-
esis of this study, that students would deliver the
minimum threshold of energy for curing, was
rejected. However, after receiving further instruc-
tion with the MARC-PS system, 95% of the stu-
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Figure 2: Screen capture of the Managing Accurate Resin Curing (MARC) software showing the irradiance delivered by
the students before they received additional instruction about light-curing with the MARC Patient Simulator. All students
used the same SmartLite iQ2 light-curing unit for 10 seconds. The maximum amount of energy delivered to the detector

under optimum laboratory conditions was 8.0 J/cm?.

dents were able to deliver the 6 J/cm? minimum
threshold set for this study.” Therefore, the second
hypothesis, that the students would deliver more
energy after receiving additional instruction
with the MARC-PS system, was accepted. Four
months later, the students had retained the know-
ledge gained through this customized light-curing
instruction, and improvements in energy delivery,
relative to the baseline value, were both statistic-
ally significant (p < 0.01) and generally evident,
with 61% of students delivering more than the
minimal energy threshold. Although the students
delivered less energy after 4 months (mean + SD
6.1 = 1.1 J/cm?) than immediately after instruction
(mean + SD 6.7 + 0.4 J/cm?), the decline was not
significant (p = 0.44). Therefore, the third hypoth-
esis, that the students would retain their addi-
tional knowledge, was accepted.

In the first round of testing (before instruc-
tion), it was noted that the poor light-curing tech-
nique of some students adversely affected the
amount of energy delivered. As a general observa-
tion, it was common for these students to point the
tip of the LCU at the tooth, press the “on” button
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and then look away from the bright blue light.
During the ensuing 10 seconds, the LCU tip would
drift away from the target area of the restoration.
Providing customized light-curing instruction led
to improvements in the amount of energy deliv-
ered (Table 1, Figs. 2 and 3), and there was a 63%
increase in the mean amount of energy delivered,
from 4.1 to 6.7 J/cm?. Figure 2 illustrates the wide
variation in irradiance delivered by the students
before instruction. In the most extreme example,
one student missed the restoration altogether
during the light-curing. Figure 3 shows that the
students’ technique became more consistent after
instruction, with the lines becoming clustered at
higher irradiance values. The mean energy that
the students delivered to the simulated restoration
was significantly greater immediately after and 4
months after instruction than before instruction
(p < 0.01), and there was a corresponding reduc-
tion in SD values, from 1.7 J/cm? before instruc-
tion to 0.4 J/cm? immediately after instruction.
Additionally, before receiving the instruction with
the MARC-PS system, the students delivered on
average only 50% of the potential maximum of
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Figure 3: Screen capture of the Managing Accurate Resin Curing (MARC) software, showing the irradiance delivered by
the students immediately after they received additional instruction about light-curing with the MARC Patient Simulator.
All students used the same SmartLite iQ2 light-curing unit for 10 seconds. The maximum amount of energy delivered to
the detector under optimum laboratory conditions was 8.0 J/cm?. After training, there was greater uniformity in irradi-

ance delivered over the 10-second curing time.

8.0 J/cm?, whereas after instruction they delivered
on average 84% of the potential maximum amount
of energy. This study will be repeated when the
same students are in the third and fourth years of
their training.

This study transfers curing light research from
the laboratory environment to the clinical setting
and has real-life implications. Now that the dental
profession can measure how much energy is being
delivered to simulated restorations, practitioners
can start to manage what is likely a widespread
problem of inadequate energy delivery to resin
restorations. The mannequin head in the patient
simulator used for this study provided a realistic
simulation, and the calibrated spectroradiometric
measuring device accurately quantified the effects
of incorrect technique on the amount of energy
delivered during light-curing. It is now possible to
predict the amount of light energy that would be
received, under clinical conditions, by the top sur-
face of the resin, which is located 4 mm from the
end of the light guide. It must be recognized that
deeper or less accessible restorations will receive

less light, whereas more accessible preparations
will receive more light.

The critical minimum amount of energy
required to cure a resin composite will depend
on the brand and type of resin, the type of LCU
and the type of light guide used.***** The cur-
rent study was designed to investigate if it would
be possible to improve students’ ability to use an
LCU; it was not designed to determine minimum
exposure times. In addition, the results obtained
here are specific to the brand of LCU and light
guide used and may not be generalizable to other
brands of equipment.*>**

Conclusions

Before receiving light-curing instruction, indi-
vidual dental students exhibited a large range
(between 0.1 and 7.2 J/cm?) in the amount of light
energy delivered to the top surface resin pos-
itioned 4 mm from the end of an LCU light guide
in a maxillary second molar. Furthermore, 84% of
the students did not deliver the minimum 6 J/cm?
of energy required for adequate curing.
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After the students received additional light-
curing instruction with a patient simulator the
mean energy delivered increased by 63%, from 4.1
+ 1.7 J/cm? to 6.7 + 0.4 J/cm? (p <0.01), and 95% of
the students delivered more than 6 J/cm?.

Four months later, the amount of energy that
the students delivered had declined somewhat
(from 6.7 + 0.4 J/cm? to 6.1 +1.1 J/cm?). This reduc-
tion was not significant (p = 0.44), and the amount
of energy delivered remained significantly greater
than the pre-instruction value (p < 0.01). Sixty-one
percent of the students delivered more than 6 J/cm?.
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