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ABSTRACT
Background: Fluorescence is the absorption of light by a substance and the spontaneous emission
t)f light in a longer wavelength within 10 ^ seconds of activation.

Purpose: The purpose of this study was to determine the differences in fluorescence among layered
resin composites with a color-measuring spectrophotometer.

Matcrids and Methods: Spectral reflectance and color of five brands of resin composites were
measured over a white standard tile according to the Commission hiternationale de PEclairage
(CiE) CIELAB color scale relative to the standard illuminant D65. Human dentin was used as a
control; five specimens were made for each group and each specimen was measured three times. An
ultraviolet (UV) filter was inserted or removed to exclude or include the UV component of
illnmination. From the spectral retlectance values, subtraction spectrum by the inclusion and
exclusion of the UV component was calculated.

Results: Dentin showed a fluorescence peak around 440 to 450 nm. Three of the five resin
composites showed fluorescence peaks, and the peak wavelength was 440 to 450 nm. Peak height
and peak area varied by the composite. Changes in color (AH"'.,/;) caused by the UV component
were 1.58 to 2.35, and \b" values were from -2.20 to -1,49 In composites that showed
fluorescence peaks.

C.I.INK":AL Sl(,NlKK;ANt:E

Since the UV component of light can brighten a fluorescent substance such as human dentin, color
differences between human dentin and nonfluorescent composites might be more apparent
when viewed under UV light. Some commercial composites were found to exhibit fluorescence.

(J Esthet Restor Dent 17:93-101, 2005)

Luminescence is a general term

that describes any process in

which energy is emitted from a sub-

stance at a different wavelength from

that at which it is absorbed.

It covers fluorescence, phosphores-

cence, and triboluminescence. Fluo-
rescence by definition is the absorp-
tion of light by a substance and the
spontaneous emission of light in a
longer wavelength within 10 ' sec-
onds of activation,' In dentistry it has

been traditionally assumed that
fluorescence is the absorption by a
substance of ultraviolet (UV) light
(black light) and the emission of vis-
ible light in the bluish spectrum.
Substances could also absorb
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shorter-wavelength visible light

and emit it as longer-wavelength

visible light. Thus, many forms of

fluorescence are possible."

Natural teeth emit a strong blue

fluorescence under the action of UV

light. This property makes teeth

whiter and brighter in daylight. In

human enamel three distinct lumi-

nescence peaks have been found in

the region of 350 to 360, 405 to

410, and 440 to 450 nm.' The

fluorescence spectrum of natural

enamel has the shape of a wide

band whose maximum is at 450 nm

and slowly decreases to 680 nm."̂

When human dentin was irradiated

with 365 nm light, blue fluores-

cence was observed with a peak at

440 ± 10 nm.^

Ideal restorative materials should

have similar properties of light re-

flection, scattering, and fluores-

cence as those of natural teeth. If

they are absent, the esthetic quali-

ties of the restorations suffer under

UV illumination. The fluorescence

spectrum of anterior restorative

materials has been found to vary

by material.^' Many of the porcelain

teeth and powders have strikingly

different luminescence character-

istics from those of natural teeth.^

Fluorescence has been detected

in some white standard tiles

intended for the calibration

of spectrophotometers.^

Recently the use of resin composites

for the restoration of large defects

in anterior teeth has been increas-

ing, and layered resin composites

with opaque dentin and translucent

enamel shades are widely promoted

for this purpose. These resin com-

posites are used in direct restorative

techniques that use layering to mi-

mic the natural layering of dentin

and enamel. Since these composites

are used for the restoration of large

areas, fluorescent properties are

important, as in dental ceramics.

Although fluorescence of teeth and

dental porcelain has been measured

previously, there have been few

trials to evaluate the fluorescence

of resin composites. Some commer-

cial resin composites are claimed by

the manufacturers to have toothlike

fluorescence. The purpose of this

study was to determine the differ-

ence in fluorescence of layered resin

composites with a color-measuring

spectrophotometer and to compare

the fluorescence with that of human

dentin. The hypothesis was that the

fluorescence of several commercial

resin composites was the same as

that of human dentin.

MATERIALS AND Ml: ) MODS

Five layered resin composites with a
total of nine shades were studied
(Table 1). Specimens 10 mm in di-
ameter and 2 mm thick were made
with a polytetrafluoroethylene
mold. Five specimens were made for
each shade of composite. Five sound
human dentin specimens were mea-
sured as controls. Spectral reflec-
tance and color coordinates were
measured according to Commission

Internationale de I'Eclairage (CIE)

CIELAB color scale relative to the

standard illuminant D65 (Figure 1)

over a white standard tile (Reference

White Standard, Instrumental Serial

No. 71060147K, GretagMecbeth

Instruments Corp., Newburgh, NY,

USA; CIE L^ - 94.28, a" = -0 .40,

and b"' = 1.34) on a reflection

spectrophtitometer [Color-Eye 7000,

CiretagMecbeth Instruments Corp.).

A UV filter was inserted or removed

to exclude or include the UV com-

ponent of illumination. The aperture

size was 3 x 8 mm. Illuminating and

viewing configurations were CIE

diffusc/10° geometry.'" Mea-

surements were repeated three times

for each specimen.

From the spectral reflectance values,

the difference in reflectance by the

inclusion and exclusion of the UV

component was calculated. With

the following calculations, subtrac-

tion spectra were tjbtained. Pre-

liminary subtraction spectrum

from 410 to 750 nm (ie, the reflec-

tance spectrum obtained with the

UV-excluded condition subtracted

at each wavelength from the reflec-

tance spectrum obtained with the

UV-included condition) was ob-

tained. To eliminate the bias in illu-

mination by the inclusion or

exclusion of the UV compt)nent, the

difference in reflectance spectrum at

each wavelength of the white stan-

dard tile by the inclusion or exclu-

sion of the UV component was

subtracted from the preliminary

subtraction spectrum at each wave-

length. Peak wavelength, height.
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TABLE 1 , M A T E R I A L S U S E D IN T H I S S T U D Y .

Product

i^iltfk Supreme

Gradia Direct

Simile

Palfique Estelite

Vit-l-escence

Composition

58-60 vol% (7S.5 wt%}
filler of primary particle
size of 5-20 nm

64-65 vol% filler

68 vol% filler

71 vol% (82 wt%)

filler of 0.2 jim

58 vo!% (75 wt%)

filler of 0.7 \im

Shads

A2E

A2B

A2D

Gray translucent (GT)

A2

AO2*

A2

A2

A2

Batch No.

3AF

3AR

3AC

2AA

0305132

030421

77325

YE6n92

56V4

Manufacturer

3M ESPH, St. Paul,

MN, USA

GC America, Alsip,

IL, USA

Pentron Clinical

Technologies,

Waliingford,

CT, USA

Tokuyama Dental

Corp., Tokyo, Japan

Uttradent Products,

South Jordan,

UT, USA

vol = volume; wt = weight.
"*A0 shade is an iiicisnl special

iind peak area (410-550 nm) were

calculated. Differences in color

(AH"\,/,} and color coordinates (AI/',

Aa'% and Ah'M hy the inclusion or

exclusion of rhe UV component

were calculated, where Al/^ is the

change in lightness, Aa''" is the

change in red-green parameter,

and Ab* is the change in yellow-

hluL' parameter.

In the present study, dentin was
used as the reference because dentin
has shown a three times higher in-
tensity of fluorescence than enamel,
and the peak wavelength has been
reported to be the same as that of
enamel."^ Practically, it was hard to
make enamel specimens larger than
3 x 8 mm, and the thickness of

enamel was reported to influence

the fluorescence, which was similar

to the report that the cementing

medium affected the fluorescence

of a ceramic prosthesis.

Differences in the values by com-
posite were analyzed by analysis of
variance and Scheffc's multiple
range test (SPSS 11.0, SPSS, Chi-
cago, IL, USA; p = .05). Regression
analyses were made between the
difference in color and the differ-
ence in color coordinates by the
inclusion or exclusion of the UV
component, and between the peak
area or peak height and differences
in color and color coordinates by
the inclusion or exclusion of the UV
component {p = .05),

RKSULTS

Subtraction spectra of the white

standard tile and human dentin

caused by the UV filter are shown

in Figure 2. For the white tile,

differences in spectra were negli-

gible in visible light range, whereas

dentin showed a clear peak around

440 to 450 nm.

Subtraction spectra of resin com-
posites arc shown in Figure 3. Four
of nine specimens showed peaks,
and the peak wavelength was ob-
served at 440 to 450 nm. Properties
of the measured fluorescence peaks
are listed in Table 2. Vit-l-escence
(VIT) showed the largest peak
height followed by Gradia Direct
(GRA)-AO2, GRA-A2, and Simile
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Figure 1. Relative spectral poiccr distrihiitioii of Couimissioii liitcrmitioiiiile de
I'Eclairage (ClEj stumiard iltianiimnts D6S. A. ami F2.

were from -0.10 to 0.15. AE'\,/,

values of VIT and GRA

were significanrly higher than

ciiose of FSP and Paltique Estelite

(PAE), and Aĥ ^ values of VIT and

GRA were significantly lower than

those of ESP and PAE (p < .05).

The correlation coefficient between

two values of AK"\,/, and Ah''' was

—0.77 in composites that showed

peaks [p < .05). AE^,,/, and Ah""

valnes were very small in com-

posites that did not show

fluorescence peaks.

Erom regression analysis of com-

posites that showed fluorescence

peaks, the correlation coefficient

between the peak area and peak

(ShM) (/; < .05). VIT showed the

largest peak area followed by GRA-

AO2, GRA-A2, and SIM {p < .05).

Subtraction spectra of resin coinpos-

ites without fluorescence peaks are

shown in Eigurc 4. The pattern was

similar in Eiltek Supreme (ESP)

composites, regardless of the differ-

ence in shade designations.

Changes in color (AE',,;,) and the
CIE b'̂  value are shown in Eigure 5.
In dentin the AE'\;/, value was 0.73
± 0.04 and the Ab'̂ - value was -0.10
± 0.03. In composites that showed
peaks,, AE*,,/, values were 1.5S to
2.35 and Ab'̂  values were from
-2.20 to -1.49. In composites that
did not show a peak, AE''",,/, values
were 0.15 to 0.78 and Ah"' valnes

0,6 -

0,4

^ 0 , 2 -

0,0 "V"v \

400 450 500 550 600

Wavelength (nm)

650 700 750

Figure 1. Stibtmctiim spectra of white tile Jud doitiii hy the inclusion or exclusion
of the ultraviolet compimcnt (IOO"/,> reflectance means total reflectance).
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Figure 3. Subtraction spectra of resin composites by the inclusion or exclusion of the
ultraviolet component 1100% reflectance means total reflectance). (iRA = Gradia
Direct; SIM - Shnile; VIT = Vit-l-escence.

heighr was 0.97 ( p < .05). The

correlation coefficienr between the

peak area and the AE'̂ ,,/, value was

0.81., and rhat bcrwccn the peak

area and the Ab^ value was 0.72

[p < .05). The correlation coefficient

between the peak height and the

AE''\,/, valtie was 0.89, and that

between the peak height and Ah"'

value was 0.83 {p < .OS).

DISCUSSION

Standard ilhiniinant D6.5 repre-

sents average daylight with a cor-

related color temperature of

approximately 6,500 K." Illumi-

nant D65 contains a strong emission

in the UV range compared with

standard illuminant A or F2 (see

Figure 1). The difference in reflec-

tion spectra of teeth was measured

between two illuminants (A and

D65), and the influence ot the UV

component of D65 illumination on

the color of teeth was found to be

insignificant.'" Color differences of

resin composites between the values

measured under the standard illu-

minants A and D65, or A and C,

were larger than those between

D65 and C. ' ' In previous studies

exact measurement of fluorescence

was impossible because spectral

distributions of illuminants were

T A B L E 2 . PEAK W A V E L E N G T H , H E I G H T ,

Product

Filtek Supreme

Gradia Direct

Simile

Palfique Estelite

Vit-l-eseenee

ND = nut detectable.
*Peak area from 410 to

Shade

A2H

A2B

A2D

GT

A2

AO2

A2

A2

A2

^50 nm.

AND AREA.

Peak Wavelength Inm)

ND
ND
ND

ND

450

450

440

ND

450

Peak Height in

Arbitrary Units

ND
ND
ND

ND

2.06 (0.20)

2.54 (0.20)

1.65 (0.39)

ND

3.04 (0.31)

Peak Area in Arbitrary
Units* ISD)

18.6 (1.5)

4.6 (12.9)
14.6 (44.4)

6.4 (36.3)

183.7 (30.6)

240.4 (28.9)

115.2(33.0)

15.8 (25.6)

285.4 (42.8)
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Figure 4. Subtraction spectra nf resin composites by the inclusion or exclusion of the
ultraviolet component (unit ofy-axis - ^reflectance l%jl. FSP = Filtek Supreme;
i'AE = Palfique Estelite.

of fluorescence. However, since
the ambient light is not a mono-
chromatic light, the use of the UV
component of the standard iilumi-
nant 065 has clinical relevance. The
technique used in the present study
was a new technique for fluores-

different in visible range as well as

in UV range.

Previous studies used fluorescence
spectrophotometer's to measure the
fluorescence. They usually used
single wavelength for the emission

cence measurement of dental mate-

rials, which used a spectrophoto-

meter with an adjustable UV filter.

Fhe difference in spectral reflectance

can he regarded as the fluorescence

of substance excited by the UV

component of the standard illumi-

nant D65. Iliuminant D65 contains

relative spectral power of 37 to 69%

in the wavelength range of .530 to

395 nm.'"^ To induce fluorescence

of dentin, UV light of 365 nm (or

363.8 nm) has generally been

employed.'*'"' Therefore, the UV light

emitted from the illuminant D65 can

excite the fluorescence of dentin.

After excitation, dentin showed

blue fluorescence in a peak at 440

± 10 nm,'' or 430 mn."* In the

present study, dentin showed peak

intensity at 440 nm, and the sub-

traction spectrum (fluorescence)

had a wide band form, which is

similar to those of previous studies.

Subtraction spectrum of white stan-

dard tile showed negligible values

(-0.03-0.06% in wavelengths

> 410 nm). Therefore the white

tile of the present study showed

no fluorescence despite the fact

that some white standard tiles

showed fluorescence.'"^

The difference in reflection spectra
of tooth between the values mea-
sured under illuminations A and
D65 showed no evidence of a con-
trihution of fluorescence to tooth
color in spectra or color coordi-
nates.'"^ Since standard illuminant
A is different from D65 in visible

j O U R N A l . O ^ K S T H L I U : A N D R t - : S T ( , ) R A I 1 V t : D E N 1 I S I K Y



i . i : i : I- r \ i .

3 n

-2 -

Figure 5. Values o/^A£*.,h "̂<^ A/?* />y ^̂ t* inclusion or exclusion of the ultraviolet
component. CIE = Commission Internationale de VFxlairage; FSP = Filtek Supreme;
CRA = Cradia Direct; PAE = Palfique Fstelite; SIM = Simile; VIT = Vit-l-escence.

range as well as UV range, the result

of a previous study may not have

measured fluorescence accurately.

In the present study, color differ-

ences (AE'̂ ,,/,} of fluorescent resin

composites were 1.6 to 2.4. Al-

though these values are lower than

the generally considered clinically

perceptible limit of ?i3,^^ the char-

acteristics of fluorescent emission

may be different from those of vis-

ible light. The fluorescence of a tooth

makes an important contribution

to its appearance, even though it

is not as apparent in daylight.

Therefore, perceptibility of fluores-

cent emission under varied illumi-

nation conditions should be

studied further.

Ab'' values were from -2.20 to

— 1.49 in composites that showed

peaks. Tbis means color of resin

composites moved to the blue

direction as a result of fluorescent

emission. AH*,,;, and Ab"̂  values

of dentin were low, and the magni-

tude was similar to those of non-

fluorescent resin composites. Dentin

showed fluorescence; however, the

amount was lower than those of

fluorescent resin composites (peak

height: 0.58 vs 1.65-3.04). There-

fore, the changes in color and b'''

values caused by the UV compo-

nent were similar to those of non-

fluorescent composite materials.

In fluorescent resin composites, the

peak area and peak height had sig-

nificant correlation, which means

that wavelength of fluorescent

emission of resin composites gath-

ered around the peak. C^olor

differences resulting from UV com-

ponents were mainly caused by

the fluorescent emission (peak

area) (r = .81).

Fluorescence of anterior restorative

materials was measured previously

with a spectrophotometer with a

fluorescent attachment.'' The results

varied for silicate cement, acrylic

resin, and resin composites, and

resin composites showed fluores-

cence peaks around 450 nm.''

However, quantitative comparison

with the results of the present study

was impossible because the method

was different.

Three of five resin composites tested

showed fluorescence. Peak wave-

lengths were within the same range;

however, peak heights and areas

were different among the compos-

ites. These composites showed

higher peak heights than that of

dentin. Although there have been

quantitative studies on the sequen-

tial changes of autofluorescence of

dentin,^""' there have been few

studies on the quantity of fluores-

cence of dental materials, hi dental

porcelain a fluorescent material

called luminary is used to brighten

dark teeth without negatively af-

fecting the translucency." Resin

composites with higher fluorescence

may be used to mask the darkness

of tooth. In this aspect, resin com-

posites with higher fluorescence

have clinical merit.

From the present study, the fluores-

cence of resin composites was

measured with a color-measuring
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spectrophotometer using a new

technique. Some commercial resin

composites showed fluorescence,

and the others did not. The influ-

ence of surface sealants and the

addition of new fluorescent sub-

stances intt) materials on the

change of fluorescence should be

studied further.
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COMMENTARY

FLUORESCENCE OF LAYERED RESIN COMPOSITES

Ralph DeLong, DDS, MS, PhD*

The whiteness, hrightness, and vitality of natutal teeth are often attributed to the fluorescence of dentin. Therefore,

tor maximum esthetics, it is generally accepted that a restorative material should duplicate this natural fluorescence.

In this study, the authors investigated the fluorescence properties of five different resin composites using human dentin

as the control. An object's color is highly dependent on the light source. To address this, the authors elected to use a

standard D65 illumiiiant. This light source approximates the spectrum of average daylight, has a strong UV component,

and is more clinically relevant than other standard light sources or monochrome UV light sources. The authors' method

also differs t-Vom other methods in that they used a spectrophotometer with an adjustable UV filter to either include

or remove the UV wavelengths from the D65 illuminant. This enabled them to calculate the fluorescence spectra!

reflectance and changes in CIELAB color coordinates by subtracting spcctrums with and without the UV wavelengths.

Variations in the tested resin composites ranged from those with no fluorescence to those with high fluorescence. What

is interesting is that if one accepts that changes in the CIELAB AE* coordinate of < 3 are not clinically perceptible, then

under a D65 light source, there is effectively no perceptible difference in any of the resin composites. In fact, the resin

composites without fluorescence had CIEI.AB coordinates closer to those of natural dentin than did the resin composites

with fluorescence. This raises the question of whether fluorescence really has any esthetic significance under natural light.

Change the light source, however, and you can have a totally different outcome. As an example, in my youth, while on

a cave-touring excursion, I remember the guide saying that she was going to show the fluorescence of the rock formations

using a black light, and that anyone with artificial teeth should keep their mouth closed because the hlack light would

make their teeth glow. When she turned off the incandescent lights and turned on the black ligbt, amongst the "oohs"

and "aahs" i heard my tnother yell at my dad to close his mouth. I turned to look, and saw this wonderful array of bright

green teeth. Put in perspective, under a UV light source, which is not uncommon today, the resin composites examined in

this study give one the choice of bright teeth with glowing restorations or bright teeth with dull or dark restorations. Neither

provides an esthetic choice. At least my dad's Cheshire Cat grin was esthetically appealing from an artistic point of view.

This example only emphasizes tbe authors' concluding remarks that more investigation is needed, hi fact, as a first step,

we should understand what component of natural teeth is responsible for the fluorescence, and then try to mimic that

component in the restorative material.

"Professor and chair, Dcpartmmt of Restorative Scimccs, and director of the Minnesota Denial Research Cfiiter for liiomateriah and
Binmechanics. Unirersity of Minnesota School of Di'ntiitiy. Minneapolis. MN, USA
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