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This study  sought  to assess  the significanee  of  Lhe correetions  introduced in the new  CIEDE20eO eolor  difference formula
with  respect  to AE'.h, The purpose of  which  was  to provide sounder  knowledge, nnd  hence rnore  informed decision-making,
about  applying  this new  formula to dental resin  compesiLes.  WiLh two  different hybrid composites,  color  diffcrences were

calculated between unpolymerized  and  polymerized  resin  composites,  between poLymerized resin  eomposites  ef  different
Lhicknesses (l and  2 mrn),  and  between polymerized  resin  composites  cuTed  with  halogen and  LED  Light curing  units  (LCUs),
The two  formulas differed significantly,  wiLh  V,iB(E) (equal size) values  hig'her than the inter-observer variability  {V4R
(E)=11%) and  Vm(O) (original size> values  greater than  25%  ±

'or
 each  of the data sets analyzed.  Results obtained  in this

study  agreed  with  and  thus  supported  the recent  reeommendation  of  the Commission  InternaLionale de 1'Eclairag'e (CIE),
whereby  the new  CIEJ]E200e forrnula shouLd  be used  to evaluate  eolor  differences of  resin  composites.
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              INTRODUCTION

A color  difference formula is designed to give a

quantitative representation  (AE) of the pereeived
color  difference (AV) between a  pair oi' eolored  sam-

ples under  a given set of experimental  eonditions.

Typical applications  of  color  difference formulas
include color  tolerance control,  color  reproduction,

and  color  stability-all  of  which  are high]y impor-
tant in the field of aesthetic  dentistryL3',

   Color stability  is an  important parameter  for
modern  resin  composites.  Several factors influence
the color  stability  of  current  photocuring  materials,

such  as  the photoinitiator system,  resin  matrix,  light
curing  unit  (LCU) used  for polyrnerization, and  irra-
diation time`S). Color ehanges  of resin  composites

have been reportediO'i2i',  as  well  as  the magnitude  of

eolor  changes,  whereby  the results  obtained  depended
on  the experirnental  conditions  used  during color

measurement:  geometry, illumination, and  aperture

Size  of  measuring  instrumentiS･i").

  ･Presently, in dental eolor  study,  colors  and  color

differences are  quantified respectively  using  the

CIELAB  spaee  and  the associated  AE'.bi5', as  shown

below:

       AEib =  [(AC)2+(AaS)2+CAb')2] 
"2
 a)

   With the aim  of  improving' the correction

between computed  and  perceived color  differences in
industrial applieations,  two  CIELAB  color  difference

formulas were  recently  proposed by the CIE: CIE94i6}
and  CIEDE2000i5i') eolor  difference formulas. Both
incorporate specific  corrections  for non-uniformity  of

the CIELAB space  (the so-called  weighting  functions
SL, S[/, and  SO and  parameters  accounting  for the

influence of  illuminating and  viewing  conditions  in
eolor  difference evaluation  (the so-called  parametric
factors KT, Kc, and  Ki/). Therefore, the parametric
factors are  correction  terms  for variations  of  experi-

mental  eonditions.  The CIE]") indieated that under

reference  experimental  conditionsi5'iG)  representative  of

industrial practice, the value  of each  parametric  fac-
tor is equal  to 1.0. In particular, the CIEDE2000
eolor  difference formulai5'iT'iUi is given as followsi

    AEoo =  [('ttL-s','
 )

2+

 ('tA 
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 )
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                 'RT<2Cs',)(k",'.)]
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where  AL', AC',  and  AH'  are  the differences in

lightness, chroma,  and  hue for a  pair of  samples  in
CIEDE2000, and  RT is a function (the so-called  rota-

tion term) that accounts  for the interaetion between
chroma  and  hue differences in the blue region.  

'

   Then, in addition  to the aforementioned  specific

weighting  functions, parametric  factors, and  a  rota-

tion term, RT, a  modifieation  of  the a'  axis  of  CIELAB-
which  affects  mainly  colors  with  low chroma  {neutral
colors)-is  also  ineluded. In summary,  five eorrec-

tions on  CIELAB have been introduced in CIEDE2000:
lightness (Sr,), chroma  (Sc), and  hue (S") weighting

functions; the rotation  term, which  is the last term
in Eqn  (2); and  the correction  for neutral  eolors,

whieh  leads to the primed  values  in the lightness,
chroma,  and  hue differences of  Eqn (2).
   Recent reportsi9'2i)  showed  significant  correlations

between AE'.b and  AEoo values  after  polymerization
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AE'.b and  CIEDE2000  ineemposites

Material Shade Batch N@ Manufacturer

Artemis

Esthet-X

Super Clear Effect
Amber  Effect
Clear Effect
Blue Effect
White Effect
EAIEA2EA3EB2ED2EC2DA2DA3DD2DB3DC4DA4A.EY.EA2A2.0A3A3,5C2B2B2.0AlC3C4-OD2D3.0GECE

F34461F29913F34462F29478F26569F45383F42804G16805F15278F14794F33695F39767G16503F14783F27974･F24479F25457e-410207O-31204O-601071O.501125O.40928O-501052O-408241O-404283O.411171O-40925O.410087O-311251O.40813O-307251O-307216O-406172Ivoclar Vivadent AG, FL-9494, USA

DENTSPLY  Caulk Milford, De 19963-0359, USA

or  thermocycling. In these reportsi"'2L),  the authors

could  not  find any  significant  invo]vement of the

weighting  functions for the lightness, ehroma,  and

hue components.  Instead, the reported  eorrelations

showed  only  that the values  obtained  from these for-
mulas  were  proportional, but not  that the two  color

differences formulas could  be used  interchangeably to
evaluate  the color  differences of  resin  cornposites-

but which  was  otherwise  advocated  by LeeiM.
Furthermore, any  possible color  variations  between
the two formulas were  not  statistically evaluated  in

these reportsi9'2i.

   The goal of the eurrent  study,  therefore, was  to
assess  the possible significanee  of  the corrections

introduced in the CIEDE2000 color  difference for-
rnula,  so  as  to provide further knowledge of  this for-
rnula  for application  to aesthetic  dental materials.

The working  hypothesis of  this study  was  that there

were  statistically  significant  differences between
AE*.b and  AEoa values  after  polymerization and  when

certain  variables  were  changed,  namely  the light cur-
ing unit  used  and  thickness of the resin  composite,

         MATERIALS  AND  METHODS

Resin eomposite  samples

Table 1 lists the two  light-cured resin  eomposites

used  in this study  and  their accompanying  shades:

Artemis (Ivoclar Vivadent, Schaan, Lieehtenstein}
with  17 shades  and  Esthet-X (Dentsply, Konstanz,
Germany) with  16 shades.

   Special molds  were  made  for sample  preparation:
6 ±  1 mrn  in diameter, 1,OO ±  O,05 mm  or  2,OO ±

O.05 mm  in thickness. Six specimens  were  made  for

each  shade.  The materials  were  handled according  to
the manufacturers'  instructions and  packed  into the
molds.  Precured resin  composites  were  prepared on

a  glass plate with  a clear plastic sheet  on  the top
and  bottom surfaces  of  the mold,  The molds  were

slightly  overfilled with  the resin  composite,  and  then
another  glass plate placed on  top of  the sample  to

extrude  excess  material  between the glass plates,
After removing  the sarnple  between the glass plates,
color  of the pre-polymerized samples  was  measured

with  the plastic sheets  in place, as  the effect of  the

plastie sheets  on  color  measurement  was  negligibleZZ).
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To standardize  the distance between the light source

and  the sample,  the top glass plate (1 mm  thick) was

placed over  the sample  before polymerizing. Each
sample  was  then light-cured by placing the tip of the

lamp over  the glass, After polymerization, the sam-

ples were  measured  again.

Lighe curing  units  aLCUSJ
Three samples  were  cured  with  a  quartz tungsten

halogen (QTH) LCU  (Bluelight, Mectron, Carasco,
Italy) and  the other  three samples  with  a  LED  LCU

(Bluephase, Ivoclar Vivadent, Sehaan, Liechtenstein),
whereby  ir'radiances were  respcctively  1400 and  1100

mWfcm2.  Exposure times of 13 and  17 seconds  were

employed  to achieve  total radiant  exposure  of close

to 18 J/cm2 in both cases,  a  value  necessary  for ade-

quate polymerization of  hybrid  eomposites  of 2-mm
thicknessU'L'U5). Total irradianee of the LCUs  was

determined in our  previous work  in a  laboratoryZ6)
using  a spectroradiometer  (PR-650, Photo Research
Ine., Chatswovth, USA), Its spectral  range  was  380-
780 nm  at a  broadband resolution  of  8 nm  and

exactitude  of  4 nm  (with a 2%  measurement  error).

Irradiance was  measured  with  a  CR-600 cosine  recep-

tor.

Cogor measurement
Color measurements  were  made  by a  specLroradio-

meter  (SpeetraScan PR-704, Photo Research Inc.,
Chatsworth, USA)  with  a 4%  measurernent  aceuracy.

With this instrument, repeatability  percentage of the

measurements  was  much  lower (standard deviation of

repeat  measurements  over  a 15-minute period was

less than  O,1%)2T), Sarnples were  situated  in a  color

assessment  cabinet  (CAC portable, Verivide Limited,
Leicester LE3 5AG, England), and  a  source  simulat-

ing the  relative  spectral  irradianee of CIE standard

illuminant D65 was  used.  Illuminating and  viewing

configurations  were  CIE 450fOe geometryLj' and  the
CIE 1964 100 supplementary  standard  eolorimetrie

observer.

   The L', a",  b* values  of  the three polymerized
samples  with  each  LCU  wcre  averaged  to establish  a

sing'le set of  values  for each  shade,  For each  shade,

the resulting  standard  deviations were  lower than  the

instrumental accuracy  (4%). Therefore, we  use  the

terms L"QTH, a'QTH, and  b'e･rH to represent  the mean

va]ues  of the ehromatic  coordinates  of  CIELAB  (L",
a', b*) color  space  for samples  polymerized with

QTH LCU. Similarly, ]]'i,Er), a*/,i,/], and  b*LED repre-

sented  the chromatie  coordinates  rneasured  from sam-

ples polymerized with  the LED  LCU.

Cogor d(fference calculation

Color difference was  calculated  with  two  different
formulas, Color difference by AE".i, was  ealculated

according  to Eqn  (1), and  AEoo by Eqn  (2). In the

present study,  the parametrie  factors KL, Kc, and

KH of CIEDE2000 eolor  diffcrence formula were  set  to 1.
To caleulate  using  the CIEDE2000 eolor  difference

formula, discontinuities due to mean  hue computa-

tion and  hue-difference computation  were  taken into
aecount,  whereby  both were  pointed out  and  charae-

terized by Sharma et al.ZS) in a  reeent  report.

   Color differenee was  calculated  for the fol]owing
comparisons:  {a) between polymerized and  unpoly-

merized  samp]es  (with two  different LCUs  and  2-mm-
thiek samples);  {b) between polymerized resin  compos-

ites of  1-mm  and  2-mm  thicknesses; and  {c} between
polymerized resin  composites  cured  with  QTH and

LED  LCUs  (2-mm thiekness in both eases).

Statistical analysis

To analyze  the statistical significance  of the corree-

tions introduced in the CIEDE2000 eolor  differenee

formula, a parameter  VA] was  used.  This parameter
allowed  us  to quantify the variation  between two cal-

culated  color  difference values  obtained  with  two

color  difference formulas. This parameter, as pro-
posed by Sehultze:"i, is usually  given as a  percentage.
As for parameter  F, it provided an  overall  scale  cor-

rection  between AE,x and  AEH, Specifically, V.4B and

F  were  calculated  using  the following expressions:

        VIB -  [t,S, 
",E.n

 
,-.F,".IiB

 ]
i2

 (,)

        F-  (,;, 
A,E.21,S,

 ,A.Ef, )
i'2

 (,)

   where  n  indicates a  given number  of color  differ-
ences, and  AE,x and  AEli are  color  differenees to be
compared.  As mentioned,  F is an  overall  scale  faetor

between the calculated  values  from both formulas, If
F  were  i'ixed to be equal  to 1, the scale factor would
not  be applied  and  the data sets  of  compared  values

from both color  differenee formulas would  maintain

their original  sizes-in  whieh  case  the V,m parameter
would  be designated as  VAB(O) (original size).  If F
ll, this overall  scale  factor wou]d  be applied,  nor-

malizing  both data sets  to an  equal  size  and  the
VAB parameter designated as VAA(E) (equal size}.  In
the latter ease,  Eqn (3) would  be used  with  the F
value  given by Eqn {4).
   As mentioned  above,  the parameter  VAB is usu-

ally  given as a percentage. If there were  perfect
agreement  between  the two color  difference fermulas,
its value  should  be zero.  A higher V,tR value  would

therefore indieaLe worse  disagreement. For example,

a  VAB value  of O.30 indicates a  typical disagreement
of  30% between two data sets.

   With a  statistica]  program  SSPS  13.0, regression

analysis  was  used  to determine the correlation

between the eolor  differenee values  of  AE'.b and
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Table 2Rangesof  coLor  dit'fereneeswithAE.b and  AEw.

AfterPolymerization(2rnm in thickness) Thickness (Iinm-2nnm} LCUs (2mm in thickness)

MateriallLCU AE*.bAE{nMateriallLCU AE*.liAEcmMaterialAE'ebAEoo

ArtemisfBluelight

ArtemisfBluephase

2.6-7.3

2,8-7.9

1.8-4,8.

2,1-5.4

ArtemislBluelight

Artemis/Bluephase

1,3-7,8

3.3.9,6

1.2-5,2

2,2-6.8ArtemisO.7-3.3O.5-2.6

Esthet-X/Bluelight

Esthet-XfBluephase

1,8-5,6

2.6.7,O

O,9.4,1

Ll-5,1

Esthet-X!Bluelight

Esthet-X/Bluephase

1.0-7.2 O,9-3,8

4,3.8.8 3.6-6,6Esthet-XO.8.4.6O.7-3.4

Both Materials
   both LCUsand

     Ll-7,9O.9t5.3Both
 Materials

   both LCUsand･1,O-9,6
        Both
O,9-6.6                O,7-4.6
       Materials

O.5-3,4
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2 Correlation between AE'.b and  AEuu for polymer-
  ized eomposites  of  1-mm  and  2-mm  thicknesses.
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Fig. 3 Correlation between AE',h and  AEoo for compesites

      cured  with  halogen and  LED  LCUs.

AEou, where  the value  of statistical significance  was

set at p<O.e5.

                 RESULTS

Table 2 shows  the ranges  of  CIELAB  and  CIEDE2000
color  differences found for each  comparison,  The
first column  shows  the ranges  of  eolor  differences
between polymerized' and  unpolymerized  samples;  the

second  column  shows  the color  difference ranges

between polymerized composites  of  1-mm  and  2-mm
thicknesses; and  the last column,  between polymer-
ized resin  composites  cured  with  a  halogen LCU  and

a LED  LCU. The last row  Iists these results  for the

materials  and  LCUs  jointly.
   Figures 1 to 3 present the correlations  corre-

sponding  to the data sets  in Table 2, After polym-
erization, there was  a  significant  eorrelation  between
AE',b and  AEon (rZ-O.95 and  p<O.OOOI). Similar re-

sults  were  found for the correlations  in the ease  of
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Fig'. 5 Variations of  C' and  h' values  after
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 polymerization  (Esthct-X and  BIuePhase)

color  differenees beLween polymerized samples  of  1-
and  2-mm  thicknesses and  between polymerized sam-

ples cured  with  QTH and  LED  LCUs.  As  shown  in

Table 2, polymerized  resin  composites  of differenL
thieknesses registered  the largest color  differences,
whereas  samp]es  cured  with  different LCUs  presented
the srnallest  color  differences.

   Figure 4 shows  the variations  in L" (AL*) among

the samples  polymerized  with  the LED  LCU  and

those polymerized with  QTII LCU, i,e., AL'-L"LED-
L'eu･H, for the two  materials  eonsidered  in our  study.

   By  way  of  example,  Fig. 5 presents the chroma

and  hue angle  coordinates  according  to CIEDE2000

(C'and h') for the shades  of Esthet-X when  polymer-
ized with  Bluephase.

   Table 3 shows  the values  of  the parameters
VAB(E) and  V,m(O) for each  of  the cases  studied,



The Japanese Society for Dental Materials and Devices (JSDMD)

NII-Electronic Library Service

The  JapaneseSociety  for  Dental  Materials  and  Devices  {JSDMD)

26 Variation bet･weenAE*.b andCIEDE200e  in composites

Table

Aftcr

3 Values of

Polymerizatien

the parameter VAL,(E)
  tt ttt

and  V4),(O).

(2mm in Lhickness) Thi¢ kness(lmm-2mrn) LCUs(2mm  in thickness}

MaterialfLCUV,u(E)VAH(O)MateriallLCUVt,(E)

ArtemislBluelight

Artemis/Bluephase

O.032

O.(}46

e.316

O.312

v.(o)MaterialV.,(E)V,Lll{O)

ArLemislBluelight

Artemis/Bluephase

O.049

O.104

O.355

O,296ArtemisO.127O,274

   Esthet-X/Bluelig'ht O,174 O,560

  
Esthet-X!Bluephase

 
O.161

 
O.585

                DISCUSSION

A AE'.b value  higher than  3.3 is regarded  as clini-

cally  perceptible'"Ui. ZVhe range  of  AE',b values  in the

present study  fell into both non-perceptib]e  and  visu-

ally perceptible ranges  by a  human  obscrver.

IIowever, a  closer  study  of  Table 2 and  Figs. 1 to 3
revealed  that these color  difference ranges  depended
on  the variables  considered,  with  higher values

appcaring  between the polymerized resin  composites

of  different Lhicknesses (Column 2 ot' Table 2).

   As observed  in Fig. 3 and  Table 2 (]ast column),

the range  of  AE".,, between polymerized samples

cured  with  QTH and  LED  LCUs  varied  from  O.7 to

4.6 for both  materials,  IIowever, this color  differenee
range  varied  slightly  between the two materials  stud-

ied, where  the difference was  slightly  higher i'or
Esthet-X {O.8-4.6 as opposed  to O.7-3.3 for Astralis).
Therefore, the rcsults  obtained  were  in eollaboration

with  other  studiesS'X:',  which  showed  that composite

materials  underwent  measurable  changes  upon  expo-

sure  to irradiation by LCUs. However, while  a  previ-
ous  study'ii' reported  on  AE*.b consistently  below 2,5,
resulLs  in Lhe last column  of  Table 2 were  found to
exceed  2.5-especia]ly with  the Esthet-X sarnples.

Thus, the results  of  the present study  elearly  showed

that the IiCU used  had an  a gresater influenee on

the final eolor  of  resin  composites.

   Whi]e it was  noted  that the magnitude  of color

change  depended on  the material,  the trend in color

ehange  was  similar  for both materials.  Aa' (a*Lm-a*QTH)
was  pesitivc, and  Ab* (b'T.[,r,-b'cp") was  generally posi-
tive too. These results  indicated that samples  cured

with  LED  LCU  presented generally higher chr'oma

(C*.t) and  hue angle  (h.b)-that is, shifted  to the yel-
low region  of the co]or  space-than  did samples

eured  with  QTII LCU. IIowever, similar  conelusions

could  not  be drawn for AL*  {L'LED-L',a･rH}. Indeed, the

variation  in L' strongly  depended on  the material

used,  as refleeLed  in Fig, 4,
   As for the influenee of ]ight curing  units,  results

in the first column  of Table 2 showed  thaL samples

cured  with  QTH LCU  (BlueLight} yielded a  slightly

Esthet-X/Bluelight

Esthet-XIBIuephase

O.111

O.205

O.300

O.251Esthet-X

lower range  in eolor  difference
the LED  unit.  This result

results  of Usumez  et at.:Li'

with  a QTH LCU  underwent

after  polymerization, Despite
should  be highlighted that

existed  in the color  coordinates  between the two  LCUs
and  materials  after  polymerizat
resin  eomposites  caused  a

the blue region  of  color  space,

angle,  h.-b. As a  result,

decrease in yellow hue, as

reportii'. In addit･ion, changes

were  signit'icant  and  had
the overall  polymerization
with  reference  to the changes  proposed  in CIEDE2000
it could  be seen  thaL similar

for chrorna  and  hue angle

a'=  a'{1+G),  is the change

proposed  in CIEDE2000, where

chroma  given by the expression

(C',b'+257)]i':] and  where  C',il,
the C".. for a  pair of  samp]es.

   After polymerization,
slightly  while  the b' coordinate

more  markedly,  The samples,

after  polymerization, thercfore

and  greatei' tone angle

region  of  eolor  spaee),  as

   As shown  in Table 3,
varied  depending on  the vama
the material  examined.  For
and  AE"cD values  calculated

erization  (Column 1 of  Table
found to be lower than
Esthet-X yielded 17,4% and
BluePhase LCUs  respectively.

son  between polyrnerized
thicknesses eured  with  different LCUs,
were  yielded: 4.9% and  11.1%
10.4% and  20,5% for BluePhase,
case, differences between  the

It is noteworthy  that in

      O.]66 O,254

    than those cured  with

   agreed  with  the co]or

 ,
 whereby  samples  cured

   the lowest eolor  ehange

   the slight  difference, it

   comparable  diiTerences

     ion. Light-curing or

characteristic  shift  towards

     augmenting  the hue

  there was  a perceived
 also  indicated in another

     in the L' parameter
 the greatest influenee on

 eolor  ehang'ei9'3:i,  Indeed,

                    
)H,t

   conelusions  were  drawn

 (C'and h'), where  now
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 is the arithmetic  mean  of

the a' coordinate  increased
      decreased somewhat

     being less saturated

    pi'esented less chroma

(shifLing toward  the blue
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 most  cases  the value  of
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VA](E) exeeeded  11%, In other  words,  the correetion

terms  introduced in CIEDE2000 resulted  in greater
varjatjons  between the two  color  difference fQrmu]as
than  those found  for the inter-observer variability  in
experiments  whereby  just-perceptible color  differences
were  evaluated  and  for whieh  the value  of VAB(E>
coeffieient  was  11% ±"',

    As  for the eoefficient  VAB(O) for AE'.b and  AEoo,
it was  found to be greater than  O.25 in all eases,

indicating that the disagreement between the two

formulas was  greater than  25%. In particular, Esthet-
X registered  the greatest color  difference variations

after  polymerization (Column 1 of  Table 3), whereby

disagreements after  curing  with  Lwo  different LCUs
approached  60%. Indeed, the sharp  differenees
between VA](E) and  V,tH(0) coeft'icients  after  polymeri-
zation  (e.g,, 3,2% as opposed  to 31,6% for Artemis or
16.1%  as opposed  to 58.5% for Esthet-X) signified  a

strong  contrast  in color  difference values  determined
by the two formulas-with CIEDE2000 yielding con-

sistently  lower color  difference va]ues,  as shown  in
Fig. 1. As for the rest of the comparisons  (namely
between two  different･ thicknesses and  between two

ditTerent LCUs), sharp  differences in color  difference
values  deterrnined by the two formulas were  also

observed,  Such differences might  arise  from the

weighting  funetions (SL, Sc, and  SH) introduced in the
CIEDE2000 color  dii'ference formula and  also  from
the change  of the a' axis  of CIELAB, affecting

mainly  colors  with  low chroma  (neutral cQlors), For
both  resin  composites,  most  of  the polymerized and

unpolymerized  samples  presented C*,,h values  lower
than  20. As a r'esult, change  in the a" axis, a'=a'

{1+G}, for these samples  was  significant  (G varied

from O,5 at Crk-O, through G-O.3e at  C'-20 to G-O,06
at  C'±30). As for the rotation  term, R･r, intro-

duced in CIEDE2000 to account  for the interaetion
between chroma  and  hue differences in the blue re-

gion, it was  found to be elose to zero  (in the order  of

10'") in all eases. On this note,  it could  be said  that
differences between the two  formulas were  not  due to
the rotation  term,

   Thus far, this study  has established  that there

were  significant  correlations  between AE',h and  AEoo
values  in all the throe eomparisons:  after  polymeri-
zation,  between polymerized resin  composites  of 1-
mm  and  2-mm  thicknesses, and  between polymerized
resin-eomposites  cured  with  QTH and  LED  LCUs
(rS >0.95 and  p<O.OOOI for all the three cases>.

However, as  can  be seen  in Fig's. 1 to 3, the best-fit
straight  lines differed aceording  to the parameters
studied  (especial]y at  the ordinate  at the origin),

making  it impossible to find only  one  relationship

between Lhe two  formulas. In any  event, our  best-fit
straight  lines also  differed frorn those reported  in
another  studyi'],  which  likewise changed  with  the

parameters analyzed,  On  the other  hand, VAB(E) and

VAE(O) eoefficients  showed  signifieant  differences be-
tween the two  color  difference formulas, indicating a

significant  involvement of  weighing  functions for the
lightness, chroma,  and  hue components  as  well  as  the

correction  of  neutral  eolors  introduced in CIEDE2000.
Therefore, based on  the results  of  the present study

and  as per the recent  recommendation  of the CIEihi,
the CIEDE2000 formula should  be used  to evaluate

the color  differenees of resin  composites.

   In addition,  variation  values  between the two

formulas depended on  factors peculiar to and  inher-
ent  in the experiment  itself, such  as the type of

material  or  type of  LCU  used  for polymerization, In

particular, these factors secmed  to play a  prominent
role and  ]argely accounted  for the differences after

polymerization in this study.  IIaving established  the

significant  role played by the weighting  funetions

(SL, Sc,, and  SH), it now  warrants  a  need  for future

studies  to assess  the signifieance  of  parametric  fac-
tors (KL, Kc and  KH) in the evaluation  of color  differ-
enees  of resin  cornposites,  as  well  as  the relative

significanee  of each  correetion  term introduced in
CIEDE2000.
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