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Sazetak

Svrha: Procijeniti pouzdanosti mjerenja ispitivaca uredajem za odredivanje boje zuba. Materijali i
metode: Istrazivanje je provelo cetvero ispitiva¢a dobro uvjezbanih za odredivanje boje zuba i ruko-
vanje uredajem za odredivanje boje zuba. Odredili su boju zuba i CIE L*a*b* vrijednosti na zdravim
i intaktnim gornjim desnim sredisnjim sjekuti¢cima desetero pacijenata. Svaki pojedini ispitiva¢ mje-
rio je dva puta sredisnji dio labijalne plohe svakoga pojedinog ispitivanog zuba s pomocu uredaja za
odredivanje boje zuba VITA Easyshade® Advance 4.0. Izmjerena je pouzdanost izmedu ispitivaca i
izracunata su odstupanja u L*a*b* i E vrijednostima. Pouzdanost izmedu ispitivaca analizirana je in-
traklasnim koeficijentima korelacije. Rezultati: Jednosmjerni ANOVA test nije dokazao izmedu cetve-
ro ispitivaca statisticki znacajnu razliku u odredivanju boje zuba u svim mjerenjima (p > 0,05). Vrijed-
nosti CE iznosile su od 3,018 do 5,234. Statisticki znac¢ajna razlika izmedu ispitivaca nije pronadena
(p>0,05), iako su postojale male razlike. Vrijednosti ICC-a izmedu ispitivaca bile su visoke i kod svih
su se kretale od 0,651 do 0,992 . Zaklju¢ak: Rezultati mjerenja pokazali su prihvatljivu pouzdanost
mjerenja svih ispitivaca uredajem za odredivanje boje zuba VITA Easyshade® Advance 4.0. Za pravil-
no odredivanje boje zuba, osim digitalne tehnologije, potrebni su i iskusni ispitivaci.
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Uvod

Posti¢i zadovoljavajuéi osmijeh jedan je od glavnih pro-
blema u estetskoj stomatologiji, a zahtjevi pacijenata za nji-
hovim sve boljim i ljep$im izgledom zuba poti¢u dentalnu
industriju na kontinuirano podizanje ljestvice kad je rije¢ o
materijalu, tehnici i tehnologiji.

Posljednja istrazivanja pokazala su zadovoljstvo pacijen-
ta da na njihov dentalni izgled najvise utjece boja zuba (1 -
3). S druge strane, razlikuje se klinicka i pacijentova procje-
na estetskih parametara, poput boje zuba ili nadomjestka (4).
Samorodnitzky-Naveh i suradnici dokazali su da laici ocje-
njuju boju svojih zuba tamnijom negoli stru¢ne osobe te da
zene procjenjuju boju zuba preciznije od muskaraca (5).

Da bi se izbjegle razlike izmedu klinicareva i pacijento-
va subjektivnog odredivanja boje zuba na koje utje¢e okolno
osvjetljenje, kut promatranja zuba i £juca boja, odje¢a, $min-
ka i kromatska percepcija stomatologa zbog prijasnjeg izlaga-
nja ociju te metamerizam, umor, starost i emocije, na trzistu
su se pojavili uredaji za odredivanje boje zuba. Ti aparati sma-
njuju ili prevladavaju nedostatke i nedosljednosti tradicional-
nog nacina odredivanja boje zuba (6 — 11). Rije¢ je o razlici-
tim instrumentima i softverima. Spektrofotometri su medu
najto¢nijima, najkorisnijima i najfleksibilnijim instrumenti-
ma za odredivanje boje zuba u stomatologiji (10, 12). Oni

Introduction

Providing an esthetically pleasant smile is one of the main
concerns in esthetic dentistry and the patients’ demands for
an improved dental appearance have prompted the industry
to continuously raise the bar with regard to materials, tech-
niques and technology.

Recent studies have shown that the tooth color is one of
the most important parameters determining the patients’ sat-
isfaction with their dental appearance (1-3). On the other
hand, clinical assessment and the patient’s evaluation of es-
thetic parameters, including teeth or restorations’ color, may
also differ (4). Samorodnitzky-Naveh et al. have proven that
lay people evaluate their teeth darker in comparison to the
professionals, and that women assessed tooth shades more ac-
curately than men (5).

In order to avoid the differences arising from both the
clinicians and patients’ subjective visual color determination
affected by the surrounding illumination, the angle of view
of the tooth and the tab, clothing, make-up and the chro-
matic perception of the dentist such as previous eye exposure
and metamerism, fatigue, ageing and emotions, dental shade
matching instruments have been brought to the market to re-
duce or overcome imperfections and inconsistencies of tradi-
tional shade matching (6-11).
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mjere koli¢inu svjetlosne energije koja se odbija od objekta
u intervalima od 1 do 25 nm, a unutar vidljivog spektra (13,
14). U usporedbi s mjerenjima boje ljudskim okom i kon-
vencionalnim tehnikama utvrdeno je da su spektrofotometri
povecali to¢nost (preciznost) 33 posto i u 93,3 posto slucaje-
va su objektivniji (8). Neki autori predlazu da se instrumen-
talne i vizualne metode odredivanja boje zuba upotrebljavaju
zajedno jer se medusobno nadopunjuju (15, 16).

Svtha ovog istrazivanja bila je u uvjetima i vivo procije-
niti pouzdanost mjerenja Cetvero ispitivaca uredajem za digi-
talno odredivanje boje zuba (VITA Easyshade® Advance 4,0).
Nulta hipoteza glasila je da se nece razlikovati boje koje ¢e iz-
mjeriti Cetvero ispitivaca istim uredajem za odredivanje boje.

Materijal i metode

U istrazivanju je sudjelovalo desetero pacijenata s potpu-
no zdravim i intakenim gornjim prednjim zubima. Iskljuce-
ni su bili oni s diskoloracijama, mrljama, istro$enim zubima,
kompozitnim ispunima, ljuskama i krunicama. Pacijenti su
polozili glavu na naslon stomatoloskog stolca i tijekom mje-
renja lagano otvorili usta. Da bi se izbjegle pogreske, zamolje-
ni su da opuste jezik i odmaknu ga od gornjih zuba. Pojedini
ispitiva¢ svakom je pacijentu u razmaku od jednog sata izmje-
rio sredi$nje podrudje labijalne plohe gornjega desnoga sre-
di$njeg sjekuti¢a. Da im izmedu mjerenja zubi ne bi dehidri-
rali, pacijenti su pili vodu. Izmjerene su sljedece boje: B1, Al,
A2, A3, C1 i C3. Za mjerenja je koriSten intraoralni spektro-
fotometar VITA Easyshade® Advance 4,0 (VITA Zahnfabrik,
Bad Sackingen, Njemacka) (slike 1. i 2.). Uredaj za odrediva-
nje boje zuba koristen je prema uputama proizvodaca.

Svi ispitivaci u ovom istrazivanju uvjezbali su koristenje
uredaja za odredivanje boje zuba u standardnim uvjetima.
Prije svakog mjerenja uredaj je bio kalibriran na svojem bi-
jelom keramickom bloku i koristen je u funkciji pojedinac-
ni zub.

Uvjeti osvjetljenja

Prema standardima CIE, uvjeti osvjetljenja (Just Nor-
mlicht, Weilheim an der Teck, Njemacka) postavljeni su na
6500 K, 1000 luksa. Mogu¢nost utjecaja dnevnog svjetla is-
kljucena je, jer su se mjerenja obavljala u sobi bez svjetlosti.

Statisti¢ka analiza

[zrazavanje procijenjenih boja provedeno je uporabom
CIE L*a*b* vrijednosti. Izratunate su i razlike u boji (E). Po-
datci su obradeni u statistickom programu SPSS (19.0; SPSS,
Chicago, IL, SAD). Za procjenu pouzdanosti mjerenja ispi-
tivaca u uvjetima 77 vivo koristeni su jednosmjerni ANOVA
test (Bonferroni Post Hoc test) i intraklasni koeficijenti kore-
lacije (ICC). Statisticka analiza obavljena je na razini znacaj-

nosti od alpha 0,5.

Inter-Observer Reliability Using Dental Shade-Matching Device

They encompass different instruments and software.
Spectrophotometers are amongst the most accurate, use-
ful and flexible instruments for color matching in dentistry
(10, 12). They measure the amount of light energy reflected
from an object at 1-25 nm intervals along the visible spec-
trum (13,14). Compared with observations by the human
eye, or conventional techniques, it was found that spectro-
photometers offered a 33% increase in accuracy and a more
objective match in 93.3% of cases (8). Some authors suggest
that instrumental and visual color matching methods should
be used together since they complement each other (15,16).

The aim of this study was to evaluate the inter-observer
reliability of dental shade-matching device (VITA Easyshade®
Advance 4.0) using an 77 vivo model. The null hypothesis was
that the color assessment tested shows no difference between
four observers using the same dental shade-matching device.

Materials and methods

Ten patients with completely healthy and intact maxillary
anterior teeth participated in this study. Those with discolor-
ations, stains, evidence of visible tooth wear, composite fillings,
veneers of crowns on investigated teeth were excluded. The pa-
tients were instructed to place their heads against the headrest
of the dental chair and to keep their mouths slightly open dur-
ing measurement. They were instructed to keep the tongue in
a relaxed position away from the maxillary teeth during mea-
surement to prevent false measurements. The central region of
the labial surface of each patient’s right maxillary central inci-
sor was measured twice by each observer with an interval of 1
hour, and the average value was considered. Patients were pro-
vided with water after each sequence to prevent dehydration
of the teeth. The following colors were measured: B1, A1, A2,
A3, Cl and C3. An intraoral spectrophotometer VITA Easys-
hade® Advance 4.0 (VITA Zahnfabrik, Bad Sackingen, Germa-
ny) was used (Figures 1 and 2). The shade-matching device was
operated according to the manufacturer’s instructions.

All operators in this study were well trained in color as-
sessment and handling of the dental shade-matching device
under standardized test conditions. Before any measurement,
the device was calibrated on its own white ceramic block and
it was used in ‘tooth single’ mode.

Light test conditions

According to the CIE standard, the daylight illumination
conditions (Just Normlicht, Weilheim an der Teck, Germa-
ny) were set at 6500 K and 1000 Lux, of 93 foot-candles.
Natural daylight was excluded using an optical opaque lou-
ver.

Statistical analysis

Color quantification was based on CIE L*a*b* values.
Color differences (E) were calculated. Data were imported
into statistical program SPSS 19.0; SPSS, Chicago, IL, USA).
To estimate the 77 vivo inter-observer reliability in measuring
and matching tooth colors, one-way ANOVA (Bonferroni
Post Hoc test) and intraclass correlation coefficients (ICCs)
were calculated. All tests were performed at an alpha of .05.
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Slika 3. Stupci CIE L*a*b* vrijednosti mjerenja svih cetvero
uvjezbanih ispitivaca

Figure 3 Error bars of CIE L*a*b* vaules measured by four well
trained observers

Rezultati

Srednje vrijednosti L*a*b* mjerenja svih cetvero ispitiva-
¢a na deset gornjih desnih sredi$njih inciziva izmjerenih u
uvjetima iz vivo, graficki su prikazane na slici 3. Jednosmjer-
ni ANOVA test nije dokazao znacajnu razliku u svim izmje-
renim vrijednostima Cetvero ispitivaca (p > 0,05).

Srednje vrijednosti razlika u boji istih mjerenja prikazane
su graficki na slici 4. Vrijednosti AE u ovom istrazivanju izno-
sile su od 3,018 do 5,234. Nije pronadena statisticki znacaj-
na razlika izmedu ispitivaca (p > 0,05), iako su postojale male
razlike. Intraklasni koeficijenti korelacije za L*a*b* vrijedno-
sti u in vivo prikazani su u tablici 1. Intraklasni koeficijenti
korelacija izmedu ispitivaca bili su visoki kod svih ispitivaca i
kretali su se od 0,651 do 0,992 (tablical.).

Pouzdanost mjerenja ispitivaca uredajem za odredivanje boje zuba .

Slika 1. Izmjerena boja zuba izrazena u Vita
klasi¢nim i 3D Master vrijednostima

Figure 1. Measured dental color expressed in
Vita classical and 3D Master values

Slika 2. CIE LCh i L*a*b* vrijednosti izmjerene
boje zuba

Figure 2. CIE LCh and L*a*b* values of the
measured dental color.
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Slika 4. Stupci delta E vrijednosti mjerenja svih cetvero
uvjezbanih ispitivaca

Figure 4 Error bars of delta E vaules measured by four well trained
observers

Results

The mean L*a*b* values for measurements of 10 right
maxillary central incisors measured in an iz vivo model by
four different observers are shown graphically in Figure 3.
One-way ANOVA showed no statistically significant differ-
ences in color measurement of four observers in all the mea-
sured values (p>0.05).

The mean color differences for the same measurements
are shown graphically in Figure 4. Delta E values in this study
ranged from 3.018 to 5.234. Although some small differenc-
es existed, a statistically significant difference between the ob-
servers was not found (p>0.05).

ICCs of in vivo model based on L*a*b* measurements
of teeth are shown in Table 1. Inter-observer ICCs were very

high for all observers (from 0.651 to 0.992) (Table 1).

Tablica 1 Intraklasni koeficijenti korelacije (ICCi) izmedu dva mjerenja prikazuju pouzdanost mjerenja boje zuba u uvjetima in vivo
Table 1 Intraclass correlation coefficients (ICCs) indicating in vivo reliability in measuring tooth color, based on mean of 2 measurements
Observer
1 2 3 4
ICClp ICC/p ICC/p ICC/p
L* 0.930/<0.001 0.929/<0.001 0.857/<0.001 0.651/<0.001
a* 0.944/<0.001 0.906/<0.001 0.742/<0.001 0.992/<0.001
b* 0.966/<0.001 0.980/<0.001 0.971/<0.001 0.971/<0.001
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Rasprava

Danas je u modernoj stomatologiji iznimno vazno to¢no
odrediti boju zuba kako bi se pri izradi nadomjestka postigao
isti efekt. U nasem prija$njem istrazivanju iz vivo i in vitro te-
stirali smo ponovljivost i to¢nost uredaja za odredivanje boje
zuba (VITA Easyshade® Advance 4,0) (17). Rezultati su po-
kazali ve¢e L* i nize a* i b* vrijednosti u modelima iz vivo,u
odnosu na modele iz vitro, sa srednjom razlikom od 3,51 i
1,25 A E jedinica (p < .001).

ICC-i za ponovljivost mjerenja uredaja u istrazivanju in
vivo iznosili su od 0,858 do 0,.971, za in vitro od 0,992 do
0,994, a to¢nost uredaja bila 93,75 posto (17).

Prije pocetka odredivanja boje zuba vazno je ne samo te-
stirati uredaj, nego testirati i nezavisne ispitivace slazu li se
njih dvoje ili viSe njih o tome $to vide. Na taj nacin, ako se
postigne zadovoljavajuca razina pouzdanosti izmedu ispitiva-
¢a, svaki od njih moze samostalno obavljati mjerenja mozda u
razli¢itom vremenu i /ili na razli¢itim mjestima, a njihova se
mjerenja mogu kombinirati u statistickoj analizi.

U ovom istrazivanju nulta hipoteza bila je da ne postoji
razlika izmedu ispitivaca u odredivanju boje zuba ako se kori-
ste istim uredajem (za odredivanje boje zuba). Tako su postoja-
le male razlike, nasi rezultati u svim mjerenjima nisu pokazali
statisticki znacajnu razliku u odredivanju boje zuba izmedu is-
pitivaca (p > 0,05) (slika 3.), vrijednosti A E bile su u rasponu
od 3,018 do 5,234 (p > 005) (slika 4.), a ICC-i ispitivaca bili
su visoki (tablica 1). Zbog toga je hipoteza prihva¢ena.

L*a*b* vrijednosti kod svih su ispitivaca bile konzisten-
tne, ali su vrijednosti AE bile vise. Presle su granicu od 50
posto prihvatljive vidljive klinicke pogreske (2,6 — 3,3 E je-
dinice), ali su jo$ uvijek ostale ispod 50 posto razine prihvat-
ljivosti razlike u boji od 5,5 E jedinica (8,18 — 21 ). Cetvr-
ti ispitiva¢ imao je najve¢u vrijednost A E (5,234). Budu¢i
da je bila na gornjoj granici prihvatljivosti, a njegovi ICC-
i za L vrijednosti najnizi (65 %), odlucili smo ga iskljuciti
iz daljnjeg istrazivanja (slika 4., tablica 1.). Kako je svih ¢e-
tvero ispitivaca u ovom istrazivanju bilo dobro uvjezbano u
odredivanju boje zuba ovim uredajem, a u standardiziranim
uvjetima i osvjetljenju, ovaj se nalaz moze pripisati promjena-
ma u morfologiji povrsine zuba i polozaju vrska mjernog ure-
daja na srednjoj trecini svakoga zuba.

Dosad je ve¢ dokazano da postoje razlike u pouzdanosti
izmedu ispitivaca i da su ovisne o vrsti zuba. Lasserre i surad-
nici dokazali su da su mjerenja ispitivaca na o¢njacima to¢ni-
ja od onih na sredi$njim sjekuti¢ima, te objasnili da se pogres-
ke na sredi$njim sjekuti¢ima pojavljuju zbog njihove visoke
prozirnosti (22). U ovom istrazivanju odredivali smo boju zu-
ba samo na sredi$njim sjekuti¢ima i uzorak je bio mali (samo
6 boja), pa je zato tesko usporedivati rezultate.

Drugo objasnjenje za pogreske cetvrtoga ispitivaca pri
mjerenju mozda je u polozaju vrska mjernog instrumenta
na zubu, $to se moglo izbje¢i koriStenjem drzaca za pozici-
oniranje. Naime, u nekim istrazivanjima spominje se drza¢
za pravilno smjestanje vrska uredaja malog promjera VITA
Easyshade® Advance 4,0 (3 - 5 mm) (8,23).

I na kraju, potrebna su daljnja istrazivanja kako bi se usta-
novilo bi li se promijenila ponovljivost ako bi postojao ve-

Inter-Observer Reliability Using Dental Shade-Matching Device

Discussion

In modern dentistry today it is very important to correct-
ly assess the color of the teeth in order to produce the same
color effect of the future restoration.

In our previous study we already tested the intra-device
repeatability and accuracy of dental shade-matching device
(VITA Easyshade® Advance 4.0) using both i vitro and in
vivo models (17). The results revealed higher L* and lower
a* and b* values in the 7 vivo than the in vitro model, with
mean differences of 3.51 and 1.25 delta E units, respective-
ly (p<.001). The device repeatability ICCs for in vivo mea-
surements ranged from 0.858 to 0.971 and for i vitro from
0.992 to 0.994, and the accuracy of the device tested was
93.75% (17).

Before starting color measurements, it is important not
only to test the device but to test the potential independent
observers to see if two or more of them watching the same
events agree on what they observe. In that way, if an adequate
level of inter-observer reliability is obtained, each of the ob-
servers can observe independently, perhaps at different times
and/or in different locations, and their observations can be
combined into one data set for analysis.

In the present study, the null hypothesis was that the col-
or assessment tested shows no difference between four ob-
servers using the same dental shade-matching device. Al-
though some small differences existed, our results revealed
no statistically significant differences in color measurement
of four observers in all the measured values (p>0.05) (Figure
3), delta E values ranged from 3.018 to 5.234 (p>0.05) (Fig-
ure 4) and observers’ ICCs were very high (Table 1). There-
fore, the hypothesis was confirmed.

In Lab measurements the values for all four observers were
consistent, but delta E values showed wider ranges - exceeded
the 50% of perceptibility threshold for a clinical mismatch in
the in vivo model (2.6 E units) but still remained below the
50% acceptability level of 5.5 E units (8,18-21). The highest
delta E value was found in the fourth observer (5.234) which
almost reached the upper acceptability level and his ICC for
L values was the lowest (65%) and therefore we have decided
to exclude him from the further measurements (Figure 4, Ta-
ble 1). Since all four observers in this study were trained and
well experienced in color measurements with the tested de-
vice and we achieved the standardized conditions and illumi-
nation, this finding may be attributed to the tooth variance
in surface morphology and the observer’s selection of device
tip position in the middle third of each tooth.

It has already been reported that there were some differ-
ences in the inter-observer reliability dependent on the type
of the teeth. Lasserre et al. showed more regular inter-observ-
er measurements on canines than those made on central in-
cisors explaining it with more errors in measurements on the
incisors mostly because of their high translucency (22). In the
present study we only measured the color of the central inci-
sors and the sample size was small (only 6 shades) and there-
fore it is difficult to compare the results.

The second explanation for the errors observed in the
fourth observer is the device tip position that could have been
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¢i broj ispitivaca s razlicitim razinama u iskustvu odrediva-
nja boje zuba, veéi uzorak i vise grupa zuba razli¢itih nijansi.

Zakljuc¢ak

Rezultati mjerenja pokazali su prihvatljivu pouzdanost
mjerenja ispitivaca uredajem za odredivanje boje zuba VITA
Easyshade®” Advance 4,0. Razlike u srednjim vrijednostima
boje iznosile su od 3,018 do 5,234, $to je jos uvijek u granica-
ma klinicke prihvatljivosti. Za pravilno odredivanje boje zu-

ba, osim digitalne tehnologije, potrebni su i iskusni ispitivaci.

Sukob interesa

Nije bilo sukoba interesa

Abstract

Pouzdanost mjerenja ispitivaca uredajem za odredivanje boje zuba .

avoided using the positioning jig. In some studies, the au-
thors mentioned positioning the jig to accurately reposition
the measuring unit for each shade measurement due to the
smaller diameter of VITA Easyshade® Advance 4.0 (3-5 mm)
(8,23).

Further research should be performed to determine
whether a higher number of observers with different levels of
expetience in color measurement, participating subjects and
groups of teeth with different shades would change the re-
peatability. The positioning jig is highly recommended, too.

Conclusions

The inter-examiner reliability of measurements using VI-
TA Easyshade® Advance 4.0 shade-matching device was ac-
ceptable. The mean color differences ranged from 3.018 to
5.234, which was within the clinical acceptability level. Apart
from the digital equipment, a well-trained observer is needed
in order to achieve accurate dental color measurement.
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