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Successful Light Curing
— Not As Easy As It Looks

a light-curing device reliably

and predictably light cures
restorative materials. There are
many factors that must be consid-
ered when light-curing resin ad-
hesives, resin-based composites,
resin cements, ete., to ensure the
quality and durability of the res-
torations being placed. Clinicians
have choices in the light-curing
devices they use. Despite appear-
ances that all curing lights are
adequate, research has demon-
strated that not all light-curing
devices are equivalent! Recent
studies demonstrate that the light
probe tip diameter and its orien-
tation can significantly impact
the degree of light curing with re-
spect to better physical properties
and improved adhesion.1-9

D entists assume that activating

The placement of composite
resins poses many challenges: ad-
equate isolation, exacting etching
parameters, adhesive placement,
insertion of leak-free, well-adapted
composite, light curing, contour-
ing, adjusting occlusion, finish-
ing and polishing. Light curing,
however, is central to insuring
the success of the restoration.
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Under-polymerized adhesives and
composites risk premature restor-
ative failure due to reduced bond
strengths, microleakage, postop-
erative sensitivity, pulpal toxicity,
recurrent caries, color instability,
and increased wear and fracture.
Recurrent caries and fracture
are two significant consequences
from inadequate light curing of
composites.1-9

Most composite resin or por-
celain veneer placement articles
elaborate extensively on tech-
nique, yet mention only five
words: “and then you light cure”,
for the most critical phase of the
technique. Light curing is more
complex than those five words. It
involves specific devices and tech-
niques, not all of which are equiv-
alent. This article provides an
understanding to the successful
management of these variables.

MANAGING THE CORE VARIABLES

Light curing has often been per-
ceived to be as simple as using
an on and off switch. In some
cases, polymerization is dele-
gated to the chairside assistant
while the clinician focuses on

other aspects of treatment.

Resin composites are light
cured when a specific dose of
energy is delivered to the resin,
with the dosage varying signifi-
cantly between different brands
and shades. While seemingly
simple and routine, the process
involved is complex. The durabil-
ity and longevity of the restora-
tion is greatly dependent on the
accurate delivery of the energy
required to polymerize the resin.
Managing four sets of variables
(CORE variables) is the key to ad-
hesive clinical success (identified
by Dr. Richard Price of Dalhousie
University):10

1. Curing light
2. Operator’s technique

3. Specific restoration character-
istics
4. Energy requirement of the

composite resin

Understanding the CORE vari-
ables associated with light curing
develops confidence that restora-
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FIGURE 1—Changes in irradiance over
distance from light guide.

FIGURE 2C

tions are adequately photo-polym-
erized, maximizing their clinical
durability and success.

Curing Light —the intra-oral
performance differences are
apparent

Similar to measuring a room to
decide how much paint is needed,
a curing light must be analyzed.
How much energy does a light de-
liver? Currently, the International
Standards Organization (ISO) has
very few requirements pertain-
ing to curing light performance,
all related to limiting ultra-violet
range emissions. No lower or up-
per limits exist for the intensity
of the violet/blue light used to ac-
tivate the resin photoinitiators. In
addition, ISO performance mea-
surements are always taken at
the light tip; clinically, the curing
light is rarely that close to the
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FIGURE 2—Beam profile of 4 different
LED curing lights as it relates to an MOD
cavity preparation on a premolar. Note
that colors represent irradiance. The
higher the irradiance the better the light
curing (hot spot); the lower the radiance
the less likely there will be complete
photopolymerization (cold spots).

FIGURE 2D

composite surface.

Unfortunately, the minimal
ISO requirements have resulted
in a flood of inexpensive, poorly
performing curing lights. The
price differential between recog-
nized and tested curing lights
and their inexpensive, untested
counterparts can be a factor of 10
or more! Evaluations of these very
inexpensive curing lights have
shown significant operational dif-
ferences that can greatly impact
restoration quality. All curing
lights emit blue light, generally in
the 400 — 515 nm range, and they
have on/off switches. Beyond that,
the differences are extensive and
substantial.

CHOICES IN CURING LIGHTS
Over the past 2 years, I have
worked with Dr. Richard Price
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FIGURE 2B

FIGURE 2E

at Dalhousie University and
BlueLight Analytics Inc. (www.
curingresin.com) to investi-
gate curing light differences us-
ing scientific measuring devices
and techniques. As a member
of BlueLight Analytics scientific
advisory board, I have seen data
for the evaluation of more than
145 different models of curing
lights from 42 manufacturers.
The prices of these lights range
from $27-$4,900, with stated irra-
diance values ranging from 400-
5,000 mW/cm2. While irradiance
is the most common and easiest
technique to measure curing light
tip energy, it only provides a small
piece of the puzzle for light curing
composites. In fact, the in-office
curing light radiometers have
been shown to be unreliable.11,12
Recently, more sophisticated in-
struments have been utilized to
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FIGURE 3—Graphic representation of variation in irradiance delivery over
curing time of 35 operators.

from the Class Il preparation.

evaluate curing light irradiance
and to describe the beam profile.
Beam profile refers to the map-
ping of energy transmission at
the surface of the light tip. Some
lights deliver power evenly and
uniformly over the light tip sur-
face while others have hot and
cold spots of energy delivery over
the light tip surface delivering
energy ununiformly.

Light-curing devices vary

greatly:

1. Light source: quartz-halogen,
LED, or plasma arc

2. Irradiance: the output at the
curing light tip.

3. Recommended curing time

4. Accessory line

5. Curing probe/tip or lens con-
figuration ,

6. Energy source (battery or plug
in)

7. Cooling mechanism (if appli-
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FIGURE 5—Incorrect positioning of the curing & ‘
light tip. Tip is angled and held too far away FIGURE 6—Correct positioning of the curing light tip to polymerize a Class

V composite resin.

cable)

The time-reducing competition
among manufacturers is fierce;
some claim to cure an increment
of composite in one second, while
others recommend 10-20 seconds.
Dentists simply wish to know
which curing light should I buy
and how long should I light cure so
that I am confident that my com-
posites are properly polymerized?

Prior to deciding which cur-
ing light to buy, the following
manufacturer’s data (as well as
evidence to that effect) must be
analyzed:

1. What is the irradiance at
the curing light tip, and what
is the change in irradiance as
the tip is moved to a clinically
relevant distance of 8 mm
from the composite surface?

TECHNOLOGY

FIGURE 4—Correct positioning of curing light tip
perpendicular to Class Il preparation and close
to the tooth preparation. Note the matrix band
interferes with being as close as possible to oc-
clusal surface.

(Fig. 1). Many curing lights exhibit
a rapid drop in irradiance (75 per-
cent or more) over that distance.
The practitioner may purchase a
seemingly “powerful” curing light
that actually cures very little at
the composite surface. Consider
the high power Light D (center tip
irradiance 7,000 mW/cm?) that de-
livers the same irradiance as the
low power Light E at the clinically
relevant distance of 8 mm.

There is a significant challenge
in light-curing Class II composite
resins at the gingival margin of
the proximal box. The clinical im-
plications of inadequate light cur-
ing include significantly higher
rates of gingival marginal car-
ies when compared to amalgam
restorations.13-15 The reasons for
these significant differences can
be related to: dentin adhesive
technique sensitivity, composite
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FIGURE 7—Prepared incisal edges to be HGURE 8—Placement of composite resin  FIGURE 9—Correct orientation and prox-
to restore incisal edges.

restored.

FIGURE 10A

resin polymerization shrinkage,
trapped air bubbles leading to
poor marginal adaptation, con-
tamination due to poor isolation,
poor adhesive and composite po-
lymerization (inadequate curing
light output)16.17 and excessive
light guide distance from the gin-
gival margin.18-20

Inadequate light curing may,
in fact, be a significant culprit
for premature Class II composite
failure at the gingival margin of
the proximal box. The gingival
marginal area is the high-risk
area for recurrent caries where
defects first initiate. Xu and co-
workers investigated composite
resin adhesion as the distance
from the light guide increased,
a study prompted by the num-
ber of publications demonstrating
poor marginal seal and increased
microleakage at the gingival
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FIGURE 108

margins when compared to the
occlusal enamel margins. Their
conclusion was that to ensure op-
timal polymerization of adhesives
in deep proximal boxes, the cur-
ing time (at 600 mW/cm2) should
be increased to 40-60 seconds.21
Other researchers have made
similar recommendations to in-
crease curing time for initial com-
posite resin increments in proxi-
mal boxes, even with 1,000 mW/
cm?2 curing lights.22,23

2. What is the curing light’s
beam profile? Is the irradiance
evenly distributed across the
guide tip surface? Beam profile
refers to the distribution of polym-
erizing blue light across the sur-
face of the light guide tip.24 Many
curing lights have an unevenly
distributed blue light emission
across the light tip; intense hot
spots provide effective polymer-

imity of the light tip to photopolymerize
the incisal edge restorations for the
mandibular incisors.

FIGURE 10A—Nanohybrid composite
resin light-cured in a translucent cylin-
drical matrix holding the light at right

; '. angles to and within a 0.5-mm dis-

tance fo the cylinder—note the complete
depth of cure for the 5-mm length (20
seconds of light-curing with LED curing
light measured at 1200 mW/cm?).

FIGURE 10B—Nanohybrid composite
resin light-cured in a translucent cylindri-
cal matrix holding the light at a 45° de-

{ gree angle and within 0.5-mm distance

to the top surface of the cylinder—note
incomplete depth of cure for the length
and the angle due fo the position of the
curing light (20 seconds of light-curing
with LED curing light measured at 1200
mW/cm?2).

ization while intense cold spots do
not. Figure 2A illustrates a beam
profile and the relative changes
in irradiance across the curing
light tip. Figure 2B overlays four
beam profiles on a premolar MOD
preparation to illustrate the im-
pact of an uneven beam profile
on polymerization. The table indi-
cates how the beam profile color
translates to irradiance. It is im-
portant to note that violet in the
beam profile signifies inadequate
irradiance to cure a composite
resin within 20 seconds, as in
the gingival margin and proximal
box areas with some of the curing
lights portrayed.

3. What are the heating ef-
fects associated with the cur-
ing light? Some curing lights
can increase surface tempera-
ture up to 80° Celsius in just a
few seconds. Other curing lights
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may increase pulpal tempera-
tures dangerously, more than 5.5°
Celsius, even when within recom-
mended curing times.25-27 The
risk of dangerous pulpal tempera-
ture increase is exacerbated when
curing times are arbitrarily in-
creased without concomitant heat
management techniques such as
increasing the waiting time and/
or air cooling the tooth between
polymerization cycles. When uti-
lizing extended curing times, a
wait-time of 1-2 seconds between
every 10 seconds cycle or air-cool-
ing is recommended. In polymer-
izing Class V restorations, the
curing light’s heat can cause gin-
gival tissue damage. The practi-
tioner must assure that increased
curing times do not damage hard,
soft, or pulpal.

It is the manufacturer’s respon-
sibility to have this critical perfor-
mance data about their intra-oral
curing light; if not available, the
clinical effectiveness of the curing
light should be questioned.

Operator Technique: reducing
variability in light delivery
Various studies have investigated
the effect of the curing light’s
position on composite polymer-
ization.28-30 While most prepara-
tions allow excellent clinical cur-
ing access, some areas are hard
to reach. The curing light tip
itself may be a limiting factor in
approaching the surface or ori-
enting towards it. Many dentists
and dental assistants (who most
often hold the light and activate
it) have little training or instruc-
tion in the art and science of light
curing. Typically, clinical articles
mention only “light cure for X sec-
onds”. The diameter of the light
tip, orientation of the light tip,
and light source relative to energy
output are rarely noted.

Even when using the same
brand and meodel of curing light,
in the same mode and for the same
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time, different curing light op-
erators get very different results.
This has been well demonstrated
in studies using BlueLight’s
MARC® Patient Simulator, a
unique curing light operator-
training device now used in den-
tal schools throughout Europe
and North America.29-31 MARC®
is a laboratory-grade, clinically
relevant light curing energy mea-
surement tool. The light energy
measuring sensors are embedded
in a typodont head and provide
immediate data collected by a
chairside computer. The MARC®
measures the useful light-curing
energy delivered to simulated res-
torations and provides immediate
feedback enabling the user to im-
prove their light-curing skills. In
an evaluation of 35 dentists, even
though the dentists being tested
knew they were being evaluated
using the MARC®, there was a
ten-fold variation in energy deliv-
ery between operators (Fig. 3).

The research recommends
maximizing curing energy dur-
ing restoration placement: the op-
erator, wearing orange blue-light
blocking glasses or using orange
shields for eye protection, must
stabilize the light during cur-
ing, and should hold the light
both close and perpendicular to
the restoration (Fig. 4-9).29 If the
light source is not perpendicular
to the cavity preparation, incom-
plete photo-polymerization may
result (Fig. 10).

Restoration Characteristics
Restoration characteristics are
factors that can affect light-cur-
ing a composite resin.

¢ Patient access (mouth opening)
can limit light guide position-
ing, The size and angulation
of some light guides may make
proper surface positioning and
orientation in the posterior ar-
eas impossible. Increased cur-
ing times may be necessary.

TECHNOLOGY

Access limitation can result in
sub-optimally light tip orienta-
tion, resulting in light reflec-
tion, refraction and shadowing
issues.

® Many LED curing light tip di-
ameters are as small as 7 mm.
This necessitates curing larger
restorations as multiple smaller
restorations to ensure complete
photo-polymerization.

e Curing through tooth struc-
ture or translucent restorative
materials (porcelain) requires
increased curing time and re-
sults in increased heat gen-
eration. The tooth and pulp
should be air-cooled during
polymerization.

e Curing time for Class Il proxi-
mal boxes, and deeper than
routine restorations requires
increased curing time. The
guide tip should be at right
angles to the preparation and
as close as possible to the tooth.
Matrix band height can move
the light guide an additional
1-2 mm further from the tooth
surface. Cusp height can block
the light guide approach 1 mm
away from the occlusal surface.
As curing time increases, so
must tooth cooling time.

Energy Requirements

for Complete Photo-
Polymerization of the
Composite

Every brand and shade of com-
posite has its own energy require-
ment that must be achieved to
deliver the manufacturer’s in-
tended properties and perfor-
mance. Many manufacturers do
not specify energy requirements.
As an added complication, some
manufacturers have changed or
added composite photoinitiators,
often requiring a combination of
both blue and violet sources for
light curing. While some curing
devices have both blue and violet
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LEDs to compensate for these
changes, there is not enough clini-
cal implication data at this time
to make any recommendations.

With the current generation
of composites, increasing curing
time can assure adequate polym-
erization. Guidelines include:

1. Opaque and darker composite
shades require increased cur-
ing times.

2. Flowable composites require
increased curing times.

3. Microfilled composites require
increased curing times.

Verify the instructions for
specific light curing time recom-
mendations with the composite
instructions or by contacting the
manufacturer.

Curing Light Monitoring

and Maintenance to Ensure
Optimal Light-Curing

The optimal operation of a cur-
ing light requires routine status
evaluations. The quantity and
quality of the curing light out-
put cannot be measured during
clinical utilization. The bright-
ness of the light can provide a
false sense of security, implying
that adequate polymerization
is occurring. Numerous studies
have demonstrated that the light
energy delivered by many private
practice curing lights are inad-
equate and are not capable of ac-
curately photo-polymerizing the
material in the selected curing
time.32,33 QOver time, there is a
decrease in the output of halogen
curing lights due to bulb degra-
dation (QTH)34 autoclaving the
fiber-optic light probe,35 breakage
and fracture of the light tip,36 and
the presence of cured composite
resin and debris on the tooth side
of the light tip.36,37

The light intensity and energy

delivered by a curing light can
only be reliably evaluated by us-
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ing scientifically accurate equip-
ment. Hand-held or integrated
radiometers are known to be un-
reliable, as evidenced by testing
a single curing light with differ-
ent brands of radiometers.38-40
Additional light-curing times are
necessary for very opaque white
shades of composite resin (bleach-
ing shades), very dark compos-
ite shades, flowable composite
resin, and micro fill composite
resins.5:41-43

Managing Infection Control
Infection control barriers for cur-
ing lights and light guides are
recommended. Unfortunately, pre-
formed IC barriers that slip over
a light guide are not standardized
for optimized light transmission.
Research has shown that some
barriers can reduce curing light
irradiance up to 40 percent.44:45
Food wrap has been shown to be
a highly effective and inexpen-
sive infection control barrier with
minimal effect on light delivery.44
When using cold sterilizing curing
light tips, ensure that approved
cleaning solutions are used.
Remove the light guides occasion-
ally to verify that the curing light
housing and both ends of the guide
are clean. Non-approved steriliza-
tion fluids can erode the “O” rings
that stabilize the light guide and
the residual fluid may damage the
lens inside the housing.

CONCLUSION

Do not take light curing for
granted. Many factors affect op-
timal photo-polymerization of re-
storative materials. First, know
the curing light. Check the cur-
ing light unit and light-guides
for defects. If in doubt, have the
light examined and tested by the
distributor or manufacturer. Once
the curing light is functioning op-
timally, certain specific guidelines
ensure high-quality photo-polym-
erized restorations: the light tip
must be as close to the tooth and
restorative material as possible.

TECHNOLOGY

The tip must be as close to per-
pendicular to the target surface
as possible. The light-guide di-
ameter must cover the entire tar-
get surface. If the tip is smaller,
multi-step polymerization is in-
dicated. The operator must use
a protective blue-light blocking
orange screen (handheld sheet,
glasses or light guide shield). The
light source must be stabilized
to deliver adequate energy for
light curing, including darker and
more opaque shades. Following
the above guidelines will ensure
accurate photo-polymerization of
composite restorations placed in
the mouth. OH
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Howard E. Strassler, DMD,
Professor, Director Operative Den-
tistry, Department of Endodon-
tics, Prosthodontics and Operative
Dentistry, University of Mary-
land Dental School, Baltimore,
MD, USA, (410) 706-7551, Email:
hstrassler@umaryland.edu

Oral Health welcomes this orig-
inal article.

REFERENCES:

1. Christensen GJ. Preventing sensitivity in Class Il
composite resin restorations. J Am Dent Assoc.
1998;129(10):1463-1470.

2. Felix CA, Price RB, Andreou P. Effect of reduced
exposure times on the microhardness of 10 resin
composites cured by high-power LED and QTH cur-
ing lights. J Can Dent Assoc. 2006;72{2):147.

3. D'Alpino PH, Wang L, Rueggeberg FA, et al. Bond
strength of resin-based restorations polymerized
with different light-curing sources. J Adhes Dent.
2006:8(5):293-298.

4, El Shamy H, El-Mowafy O. Relative hardness of
composite buildups polymerized with two different
LED lights. Int J Prosthodont. 2009;22(5):476-478.

5. Price RB, Felix CA, Andreou P. Knoop hardness of
ten resin composites irradiated with high-power LED
and quartz-tungsten-halogen lights. Biomaterials.
2005;26(15):2631-2641.

6. Nilgun Ozturk A, Usumerz A, Azturk B, et al
Influence of different light sources on microleak-
age of Class V composite resin restorations. J Oral
Rehabil. 2004,31(5):500-504.

7. Price BB, Fahey J, Felix DM. Knoop hardness map-
ping used to compare the efficacy of LED, QTH and
PAC curing lights, Oper Dent. 2010,35(1):58-68.

8. Sharkey S, Ray N, Burke F, et al. Surface hardness
of light activated composites cured by two different
visible light sources: an in vitro study. Quintessence
Int. 2001;32(5):401-405,

9. Rueggeberg FA, Caughman WF, Curtis JW Jr. Effect
of light intensity and exposure duration on cure of

w2013 oralhealth © 25



19,

20

21,

DENTAL

resin composite. Oper Dent. 1994:19(1):26-32,

. Price RBT. Light energy matters. J Can Dent Assoc.

2010; 76:a83,

. Hansen EK. Asmussen E, Reliability of three dantal

radiometers. Scand J Dent Res, 1993; 101:115-9,

. Robers HW, Vandewalle KS, Berzins DW, Charlton

DG. Accuracy of LED and halogen radiometers using
different light sources. J Esthet Restor Dent. 2008;
18:214-22.

Bellinger DC, Trachtenberg F, Barregard L, et al.
Neuropsychological and renal effects of dental amal-
gam in children: a randomized clinical trial. JAMA.
2006,295(15):1775-1783,

. DeRouen TA, Martin MD, LeRoux BG, et al

Neurcbehavioral effects of dental amalgam
in childrer: a randomized clinical trial. JAMA.
2006;295(15):1784-1792.

Bernardo M, Luis H, Martin MD, st al. Survival and
reasons for falure of amalgam wersus composite
resin restorations placed in a randomized clinical trial.
J Am Dent Assoc. 2007,138(6).775-783.

. Hinoura K, Miyazaki M, Onose H. Effect of irradiation

time to light-cured resin composite on dentin bond
strength. Am J Dent. 1991:4(6):273-276.

. Rueggeberg FA, Jordan D. Light tip distance and

cure of resin composite. J Dent Res, 1992:71(Special
|ssue a)188 (Abstract 661},

. Felix CA, Price RB. Effect of distance on power den-

sity from curing lights. J Dent Res. 2006;85(Special
lssue B): Abstract 2486,

. Pilo R, Oelgiesser D, Cardash HS. A survey of output

intensity and potential depth of cure among light-
curing units in clinical use. J Dent. 1999:27(3):235-
241,

Pires JA Cvitko E, Denehy GE, et al. Effects of curing
tip distance on light intensity and composite resin
microhardness. Quintessence Int, 1993,24(7):517-521.
Xu X, Sandras [, Burgess JO. Shear bond strength
with increasing light-guide distance from dantin. J

22,

23.

24,

25,

26.

28.

29.

30

31

32.

ATERIALS & TECH

Esthet Restor Dent. 2006;18(1):18-27.

Price RB, Derand T, Sedarous M, et al. Effect of
distance on the power density from two light guides,
J Esthet Dent. 2000;126):320-327.

Miller MB. Curing lights: Does a 5-second cure really
work? Gen Dent. 2009; 57(2):118.

Strassler H, Felix C. Quantifying clinical implications
of ISO standards used in light curing. J Dent Res.
2013; 92 (IADR Abstracts. Abstract 684,

Oberholzer TG, Makofane ME, du Preez IC, George
R. Modern high powered LED curing lights and
their effect on pulp chamber temperatures of bulk
and incrementally cured composite resin. Eur J
Prosthodont Restor Dent. 2012, 20{2):50-5.

Durey K, Santini A, Miletic V. Pulp chamber tempera-
ture rise during curing of resin based composites
with different light curing units. Prim Dent Care.
2008; 15:33-8.

. Guiraldo RD, Sonsani S, Sinhoreti MA, Correr-

Sobrinha L, Schneider LF. Thermal variations in the
pulp chamber associated with composite insertion
techniques and light-curing methods. J Conternp
Dent Pract, 2009; 10:17-24.

Strassler HE, Ladwig E. Meeting the challenge of the
Class Il composite resin proximal contact. Available
al:  hitp:/parkell.dentalaegis.com/. Accessed
September 20, 2010.

Price RB, McLeod ME, Felix CM. Quantifying light
energy delivered to a Class | restoration. J Can Dent
Assoc. 2010,76:a23.

Rueggeberg F, Mutluay MM, Price RBT, et al. Efficacy
of a training device for increasing curing energy deliv-
ery. . Dent Res. 2010,89(Special Issue B): Abstract
4079,

Seth 8, Lee GJ, Ayer CD. Effect of instruction on
dental students; ability to light cure a simulated res-
toration. J Can Dent Assoc. 2012; 78:c123,

Tate WH, Porter KH, Dosch RO. Successful pho-
tocuring: don't restore without it. Oper Dent.

34.

35.

36,

37

38.

39.

40.

4.

42,

43,

44,

45,

Q'L Q9

1999,24(2):109-114,

. Martin FE, A survey of the efficiency of visible light

curing units. J Dent. 1998,26(3):239-243.

Friedman J. Variability of lamp characteristics in den-
tal curing lights. J Esthet Dent. 1989;1(6):189-190)
Rueggeberg FA, Caughman WF, Comer RW. The
effect of autoclaving on energy transmission through
light curing tips. J Am Dent Assoc. 1996:127(8):1183-
187,

Poulos JG, Styner DL. Curing lights: changes in
intensity output with use over time. Gen Dent.
1997:451):70-73.

Strydom C. Dental curing lights- maintanance of vis-
ible light curing units. SADJ. 2002;57(6):227-233.
Price RB, Labrie D, Kazmi S, et al. Infra- and inter-
brand accuracy of four dental radiometers, Clin Oral
Investig. 2012; 16:707-17,

Leonard DL, Chariton DG, Hilton TJ. Effect of curing-
tip diameter on the accuracy of dental radiometers.
Oper Dent. 1999;24(1):31-37.

Rueggeberg FA. Precision of hand-held dental radi-
ometers. Quintessence Int. 1993:24{6):391-396.
Caughman WF, Rueggeberg FA, Curtis JW Jr.
Clinical guidelines for photocuring restorative resins.
J Am Dent Assoc. 1995;126(9):1280-1286.

Strassler HE. Cure depths compared with LED and
other curing lights. J Dent Res. 2003:82(Special
Issue): Abstract 894,

Strassler HE, Massey WL, Cure deptns using differ-
ent curing lights. J Dent Res. 2002:81(Special lssue):
Abstract 2567,

Scoft BA, Felix CA, Price RB. Effect of disposable
infection control barriers on light output from dental
curing lights. J Can Dent Assoc, 2004; 70:105-10.
McAndrew R, Lynch CD, Pavii M, Bannon A, Milward
P. The effect of disposable infection contral barriers
and physical damage on the powsr output of light
curing units and light curing tips. Br Dent J. 2011;
120(8):E12.

Dental

Emergency

their patients since 1979

Service

belping dentists belp

Available when you’re not

DENTAL EMERGENCY SERVICE

1650 Yonge Street
Toronto, Ontario M4T 2A2

(416) 485-7121 » (416) 485-4394

26

oralhealth iy 2013

www.oralhealthgroup.com




