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Abstract

Objectives: The purpose of this study was to evaluate shade matching ability of dental professionals
and students using the VITA 3D-Master shade guide. Materials and methods: A hundred and twenty
participants have been assigned to one of four groups as follows: specialists in prosthodontics (SPs),
residents in prosthodontics (RPs), dental technicians (DTs) and dental students (DSs). The Tooth-
guide Training Box (TTB) was used to test the participants’ shade-matching ability based on using 3
exercises and a final test. The mistakes were recorded during the exercises and mistake ratios (MR)
were calculated. Time, scores, and color difference values (AE) were recorded and calculated. The
one-way ANOVA was used to analyze the differences, and multiple regression analyses were used
to evaluate the relationship in mean MRs, time, score and AE values between the groups. Results:
Male participants needed significantly greater amount of time than females to complete the final test
(P<0.05). Male SPs achieved a significantly lower percentage of mistake ratios in second exercise
than RPs (P<0.05), needed significantly less time than DSs to complete the final test and achieved
significantly higher scores than RPs (P<0.05). Female SPs assessed the highest and DSs and RPs the
lowest color differences (P<0.05). The results obtained from the exercises and final tests highly af-
fected the amount of estimated color difference in both male and female groups (by 78% and 76%,
respectively). Conclusions: Within the population tested, gender of the participants showed a signifi-
cant impact on quality of shade matching of dental professionals and students.
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Introduction Uvod

An accurate color of restoration is of a great importance Toc¢na boja protetickoga rada znatno utjeée na pacijen-

to patients’ satisfaction with esthetic dental outcome. There-
fore, the shade determination is an important procedure in
everyday dental practice, not only when using ceramic mate-
rial, but also when using composite resins.

The visual analysis of natural tooth in comparison with
shade guide is the fastest and least expensive method, most
frequently used in dentistry (1). But color evaluation by visu-
al comparison is a subjective method which is difficult to per-
form because of different environmental influences, a viewer’s
interpretation and tools used (2-7).

The research carried out by Paravina et al. proved that VI-
TA Classical A1-D4 and VITA 3D-Master shadeguides are
the most frequently used shade guides (8). When it comes to
teaching methods, a survey of European dental students pub-

tovo zadovoljstvo estetskim ishodom terapije. Prema to-
me, procjena boje vazan je postupak u svakodnevnoj klini¢-
koj praksi, ne samo pri uporabi keramickih materijala nego i
kompozita. Vizualna analiza prirodnih zuba uporabom klju-
¢a boja najbrza je i najjeftinija metoda i najéesce je koriste-
na u stomatologiji (1). No odredivanje boje vizualnom uspo-
redbom subjektivna je metoda i teze se obavlja zbog razlicitih
utjecaja iz okolice, procjeniteljeve interpretacije i koristenih
alata 2 - 7).

Istrazivanje koje su proveli Paravina i suradnici dokaza-
lo je da se lije¢nici dentalne medicine najéesée koriste klju-
¢evima VITA Classical A1-D4 i VITA 3D-Master (8). Kada
se govori 0 metodama ucenja, istrazivanje europskih stude-
nata dentalne medicine objavljeno 2011. godine pokazalo je
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lished in 2011 showed that for educational purposes the most
commonly used is VITA Classical A1-D4 shade guide (17-
67%), followed by the VITA 3D-Master (0-47%)(9).

On the other hand, despite its widespread use, the VI-
TA Classical A1-D4 shade guide demonstrated some difficul-
ties with the shades that were not grouped systematically, and
with the development of the 3D-Master shade guide a more
systematic approach toward shade matching, with color dis-
tribution performed according to Munsell’s principles, was
introduced in dentistry (10, 11).

In order to assess tooth color using the 3D Master shade
guide as precise as possible and practice the procedure, the
system known as the Toothguide Training Box (T'TB) Mark
IT (Vita Zahnfabrik, Bad Sackingen, Germany) was devel-
oped to help dentists with tooth shade selection (12-14). It
allows a dentist to systematically select tooth shades by deter-
mining color appearances in accordance with natural tooth
color observation under the standardized artificial daylight
and color temperature of 5500 K (15,16).

The purpose of this study was to evaluate and compare
the shade matching ability of four different dental occupa-
tional groups - dental technicians (DTs), residents in prosth-
odontics (RPs), specialists in prosthodontics (SPs) and den-
tal students (DSs) using the VITA 3D-Master shade guide.

The first null hypothesis was that there were no gender
differences in the results obtained from the exercises and the
final tests using TTB in four different groups, depending on
the level of their clinical experience in tooth shade evaluation.
The second null hypothesis was that there were no differenc-
es in the results obtained from the exercises and final tests be-
tween four examined groups in each gender group. The third
null hypothesis was that no impact of the results obtained
from the exercises and final tests on the amount of estimat-
ed color difference in both gender groups was demonstrated.

Material and methods

The project of this study was approved by the Ethics
Committee of the School of Dental Medicine, University of
Zagreb, Croatia.

Sample size and exclusion criteria

The sample consisted of 120 participants, 30 in each of
four investigated groups — DTs, RPs, SPs and DSs. A total
sample size and distribution, as well as exclusion criteria and
the number of participants excluded from the study have al-
ready been described in our previous paper (17).

TTB

For the study, the TTB was used. The data concerning the
protocol of the TTB use has also been described in our pre-
vious paper (17).

The participants in this study had to undergo the follow-
ing three structured exercises: selecting lightness, chroma and
hue, respectively. After that they had to undertake the final
test in which they assessed lightness, chroma and hue for each
of 15 tested teeth.
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da se u edukacijske svrhe najcées¢e odabire klju¢ za boju VI-
TA Classical A1-D4 (17 — 67 %), a zatim VITA 3D-Master
(0—47 %) (9).

Istaknimo da, unatoc Sirokoj upotrebi, klju¢ za boju VI-
TA Classical A1-D4 pokazuje odredene poteskoce s primjer-
cima boja koje nisu sustavno grupirane. Tek razvojem kljuca
za boju 3D-Master postize se sustavni pristup procjeni boje
s raspodjelom boje prema Munsellovim nacelima u stomato-
logiji (10, 11).

Kako bi procjena boje zuba upotrebom klju¢a za boju
3D-Master bila $to preciznija, razvijen je sustav Toothguide
Training Box (TTB) Mark II (Vita Zahnfabrik, Bad Sackin-
gen, Njemacka) koji doktorima dentalne medicine pomaze
u uvjezbavanju postupka (12 — 14). Sustav omogucuje lije¢-
niku da sistematski odabere boju zuba odredivanjem izgle-
da boje u skladu s promatranjem prirodne boje zuba pod
standardiziranim dnevnim svjetlom i temperaturom boje od
5500 K (15, 16).

Cilj ove studije bio je ispitati i usporediti sposobnost pro-
cjene boje Cetiriju razlicitih stomatoloskih profesionalnih
skupina — zubnih tehnicara (DT), specijalizanata stomato-
loske protetike (RP), specijalista stomatoloske protetike (SP)
i studenata dentalne medicine (DS) koristenjem klju¢a za bo-
ju 3D-Master.

Prva nulta hipoteza bila je da ne postoje spolne razlike u
rezultatima dobivenima tijekom vjezbi i u zavr$nom testu na
TTB uredaju u ¢etirima razlicitim skupinama, ovisno o razini
njihova klini¢kog iskustva u procjeni boje zuba. Druga nulta
hipoteza glasila je da nema razlike u rezultatima dobivenima
tijekom vjezbi i u zavr$nim testovima izmedu etiriju ispiti-
vanih skupina u svakoj skupini spola. Tre¢a nulta hipoteza bi-
la je da nema utjecaja rezultata dobivenih u vjezbama i zavrs-
nim testovima na iznos procijenjene razlike u boji u objema
spolnim skupinama.

Materijal i postupci

Projekt ove studije odobrilo je Eticko povjerenstvo Sto-
matoloskog fakulteta Sveudilista u Zagrebu, Hrvatska.

Veli¢ina uzorka i kriteriji za isklju¢ivanje iz istraZivanja
Uzorak se sastojao od 120 ispitanika, po 30 u svakoj od
Cetiriju ispitivanih skupina — DT-i, RP-i, SP-i i DS-i. Ukupni
uzorak i raspodjela, zatim kriteriji za iskljucivanje te broj ispi-
tanika iskljucenih iz studije, ve¢ su objasnjeni u nasem pret-

hodnom ¢lanku (17).

TTB

U ovoj je studiji koristen TTB uredaj. Svi podatci o pro-
tokolu upotrebe TTB uredaja takoder su bili objasnjeni u na-
$em ¢lanku (17).

Ispitiva¢i u ovoj studiji bili su podvrgnuti trima struk-
turiranim vjezbama u kojima su procjenjivali svjetlinu, zasi-
¢enost i nijansu boje. Nakon toga su u zavr$nom testu pro-
cjenjivali svjetlinu, zasi¢enost i nijansu boje za svaki od 15
testiranih zuba.
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Mistake ratio (MR)

The number of true answers from all three exercises of
each participant was collected and the accuracy expressed as
the mistake ratio of correct and total number of tries (MR 1,

MR 2, and MR 3).

Time (t/s)
The time required to finish the final test was recorded in
seconds in all four examined study groups.

Score

At the end of the final test each participant received a
score with maximum of 1000 points.

Mean AE

The calculation of color difference between the task and
selected colors has also been described in our previous pa-
per (17). In calculation, the accurate answers were record-

ed as AE=0.

Statistical analysis

The received data were entered into Excel database. Sub-
sequently, they were statistically evaluated and introduced in-
to statistical program SPSS 19.0 (SPSS, Chicago, IL, USA).

The Student’s # test was used to compare gender differenc-
es in mean MR1, MR2, MR3, time, score and AE.

The one-way ANOVA was used in each gender group to
determine whether there were any differences in mean MR1,
MR2, MR3, time, score and AE values between four differ-
ent examined groups, and the Bonferroni corrected post hoc
tests (paired t-tests) were used to explore the differences with-
in the groups. The differences were considered statistically
significant with P<0.05.

Multiple regression analyses were used to evaluate the re-
lationship of mean MR1, MR2, MR3, the time and score
and mean AE values in both gender groups.

Results

126 subjects participated in our study, but only 120 were
included in the study (95%). Six participants were excluded
because they had previous knowledge and shade selection ex-
perience with 3D Master shade guide (2 RPs and 4 SPs), and
the evaluation of the Ishihara test did not reveal color vision
deficiency in any participants.

All measured variables in this study were tested for differ-
ences by gender. The results revealed significantly higher val-
ues for time needed to complete the final test in men than
in women, and therefore the data in further statistical analy-
sis were split by gender (t=2.2; df=118; P=0.03) (Figure 1).

The mistake ratios (MR) of four occupational groups by
gender are shown in Figure 2. Male SPs achieved a signifi-
cantly lower percentage of mistake ratios in second exercise
(MP2) than RPs (F=4.0; df=3; P=0.01). With regard to the
final test scores, male SPs needed significantly less time than
DSs to complete the final test (F=3.8; df=3; P=0.02) and
achieved significantly higher scores than RPs (F=2.9; df=3;
P=0.04) (Figures 1 and 3). In women, the SPs group assessed

Sposobnost procjene boje

Omjer pogreske (OP)
Za svakog ispitanika zabiljezen je broj to¢nih odgovora iz
svih triju vjezbi te je to¢nost prikazana kao omjer pogreske

to¢nih i ukupnog broja pokusaja (OP1, OP2, OP3).

Vrijeme (t/s)
Vrijeme potrebno da se obavi zavrsni test biljezilo se u se-
kundama u svim Cetirima ispitivanim skupinama istrazivanja.

Rezultati

Na kraju zavr$nog testa svakog ispitanika dobiven je re-
zultat koji je mogao dosegnuti najvise 1000 bodova.

Srednja AE vrijednost

Izratun razlike u boji izmedu ponudenih i odabranih boja
bio je takoder opisan u nasem ranijem radu (17). U izra¢unu
su se to¢ni odgovori biljezili kao AE = 0.

Statisticka analiza

Dobiveni rezultati unosili su se u Excelovu bazu podata-
ka, statisticki procijenili i unijeli u statisticki program SPSS
19.0 (SPSS, Chicago, IL, SAD).

Studentovim t-testom koristili smo se za usporedbu sred-
njih vrijednosti OP1, OP2, OP3, vremena, rezultata i AE vri-
jednosti prema spolu.

Jednosmjerni ANOVA test primijenjen je za odredivanje
razlike u srednjim vrijednostima OP1, OP2, OP3, vremenu,
rezultatu i AE vrijednostima izmedu Cetiriju ispitivanih sku-
pina u muskoj i u Zenskoj skupini ispitanika. Bonferronijevi
korigirani post hoc testovi (t-testovi za zavisne uzorke) upo-
trijebljeni su kako bi se dokazala razlika unutar skupina. Ra-
zlike su smatrane statisticki zna¢ajnima na razini p < 0,05.

Multipla regresijska analiza koristena je za procjenu od-
nosa srednjih vrijednosti OP1, OP2, OP3, vremena, rezulta-
ta na AE vrijednosti kod muskih i Zenskih ispitanika.

Rezultati

U ovom istrazivanju ukupno je sudjelovalo 126 ispitani-
ka, a njih 120 na kraju je bilo ukljuceno u studiju (95 %).
Sest ispitanika isklju¢eno je jer su izjavili da poznaju sustav i
imaju odredeno iskustvo u procjeni boje s pomo¢u kljuca 3D
Master (2 RP-a i 4 SP-a). Ishiharin test nije otkrio odstupa-
nja u procjeni boja ni kod jednog ispitanika.

Sve mjerene varijable u ovom istrazivanju bile su testirane
prema spolu. Rezultati su pokazali da je ispitanicima trebalo
znatno vise vremena da dovrse zavrsni test od ispitanica te se
zato odlucilo u daljnjoj analizi podijeliti skupine prema spolu
(t=2,2;df = 118; P=0,03) (slika 1.).

Omjeri pogresaka (OP) Cetiriju stomatoloskih profesio-
nalnih skupina prema spolu prikazani su na slici 2. Muski
SP-i postigli su znacajno nizi postotak omjera pogresaka u
drugoj vjezbi (OP2) negoli RP-i (F = 4,0; df = 3; 2= 0,01).
S obzirom na rezultate zavr$noga testa, muskim SP-ima bilo
je potrebno znatno manje vremena negoli DS-ima da dovr-
Se zavrsni test (F = 3,8; df = 3; P=0,02), a postigli su znacaj-
no bolje rezultate negoli RP-i (F = 2,9; df = 3; P = 0,04) (sli-
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The final test scores of four occupational groups by gender.
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Values for time in seconds (s) needed to complete the final test of four occupational groups by gender.

Vrijednosti vremena u sekundama (s) potrebnog za dovrsetak zavrdnog testa u Cetirima ispitanim skupinama prema spolu
The mistake ratios (MR - %) of four occupational groups by gender.

Omijeri pogreske (OP - %) u Cetirima ispitanim skupinama prema spolu

Rezultati zavrsnog testa u cetirima ispitanim skupinama prema spolu

Calculated color differences (AE) of four occupational groups by gender.
Izra¢unata razlika u boji (AE) u ¢etirima ispitanim skupinama prema spolu

Multiple regression analysis of the association between results obtained from three exercises and final tests and color differences

Tablica 1. Multipla regresijska analiza utjecaja rezultata triju vjezbi i zavrsnih testova na razliku u boji (AE) u muskih i Zenskih ispitanika

R R? P SE
Men ¢ ngen . Men ¢ ngen . Men ngen 3 Men ngen .
Muskarci Zene Muskarci Zene Muskarci Zene Muskarci Zene
AE 0.89 0.90 0.78 0.80 5005 | 005 | 049 0.43

R - correlation coefficient ® koeficijent korelacije; R* — coefficient of determination ® koeficijent determinacije; P — significance ¢ znacajnost;

SE — standard error ¢ standardna pogreska

the highest and DSs and RPs the lowest color differences
(AE) (F=3.5; df=3; P<0.02) (Figure 4).

In a multiple regression analysis, the combination of the
results obtained from three exercises and final tests in men ex-
plained the variability of AE by 78% (P>0.05) (Table 1). In
women, the combination of the same independent variables
explained the variability of AE by 80% (P>0.05) (Table 1).

Discussion

The purpose of this study was to evaluate and com-
pare the shade matching ability of four different dental oc-
cupational groups - dental technicians (DTs), residents in
prosthodontics (RPs), specialists in prosthodontics (SPs)

ke 1.13.). U Zenskoj skupini SP-a procijenjena razlika u boji
bila je najvisa, a kod DS-a i RP-a najniza (AE) (F = 3,5; df =
3; P<0,02) (slika 4.).

U multiploj regresijskoj analizi kombinacija rezultata do-
bivenih iz triju vjezbi i zavr$nih testova kod muskaraca je
utjecala na varijabilnost AE 78 % (P> 0,05) (tablica 1.). Kod
zena je kombinacija istih nezavisnih varijabli utjecala 80 %
na varijabilnost AE-a (P> 0,05) (tablica 1.).

Rasprava

Svrha ovog istrazivanja bila je ispitati i usporediti sposob-
nost procjene boje stru¢njaka iz Cetiriju razli¢itih stomato-
loskih profesionalnih skupina — dentalnih tehnicara (DT),
specijalizanata stomatoloske protetike (RP), specijalista sto-
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and dental students (DSs) using the VITA 3D-Master
shade guide.

The first null hypothesis that there will be no gender dif-
ferences in the results obtained from the exercises and the fi-
nal test using TTB in four examined groups, depending on
their level of clinical experience in tooth shade assessment
was rejected. The results of our study showed a statistically
significant difference in time needed to finish the final test
by gender (t=2.2; df=118; P=0.03) (Figure 1). It seemed that
men needed more time than women, 17.4 minutes, and 16.1
minutes, respectively. These results are in accordance with
Pohlen et al. study where they found gender to play an im-
portant role in shade matching, with female groups of partic-
ipants to select lightness and chroma better compared to their
male counterparts (18).

In male group in this study, SPs were the fastest in color
matching and achieved lowest mistake ratios in second exer-
cise and male DSs were the slowest in color matching with
highest mistake ratios in the same exercise (P<0.05). At the
same time, male SPs achieved highest scores and male RPs
the lowest in the final test (P<0.05). Ortolan et al. obtained
the same results, with clinicians performing the shade tab
matching faster than students (19). The reason for that may
lie in the fact that the specialists in prosthodontics assess the
color of the teeth using different shadeguides on their every-
day basis compared to the students who are less experienced
in this field.

According to the abovementioned results, the second
null hypothesis that there will be no differences in the re-
sults obtained from the exercises and final tests between four
examined groups in each gender group was also rejected. In
this study, the participants were asked to undergo three ex-
ercises where they had to correctly select lightness, lightness
and chroma together and, subsequently, lightness, chroma
and hue of the tested teeth together, respectively. After that,
the participants had to undertake the final test assessing all
abovementioned color characteristics for 15 tested teeth. Al-
though a significant difference in MR2 was found between
male SPs and RPs, MRs reached the highest values for both
genders (around 50% of mistaken selections) in the third ex-
ercise where they were obliged to assess all three color pa-
rameters together (Figure 2). It seems that this protocol was
found to be the most complicated.

The results of the research of Sinmazisik et al. showed that
general dentists made a larger number of mistakes in lightness
parameter, and dental technicians students in hue parameter
of the color (20). In our study, male DTs made a larger num-
ber of mistakes in lightness parameter (>0.05), and male
RPs made a larger number of mistakes in lightness and chro-
ma and lightness, chroma and hue exercises (P<0.05), while
the female group was more uniform in assessment (2>0.05;
Figure 2). In their study, Haddad et al. were unable to deter-
mine the influence of experience on shade matching. Con-
versely, Capa et al., as well as Ragain et al., found profession-
al experience to be associated positively with the outcome of
matching the shade (21-23).

With regard to the final test scores and AE values in our
study, no significant differences were found between occu-

Sposobnost procjene boje

matoloske protetike (SP) i studenata dentalne medicine (DS)
uporabom kljuca za boju VITA 3D-Master.

Prva nulta hipoteza, da ne postoji razlika u rezultatima
muskih i zenskih ispitanika dobivenima iz vjezbi i zavr$noga
testa, a upotrebom TTB uredaja u ¢etirima ispitivanim sku-
pinama ovisno o razini njihova klini¢kog iskustva u procjeni
boje zuba, bila je odba¢ena. Rezultati naseg istrazivanja po-
kazali su da postoji statisticki znacajna razlika u viemenu po-
trebnom za dovrietak zavr$nog testa prema spolu (t = 2,2; df
= 118; P=0,03) (slika 1.). Cini se da je muskarcima bilo po-
trebno vise vremena negoli Zenama — 17,4 minute i 16,1 mi-
nuta. Ti rezultati bili su u skladu sa studijom Pohlena i surad-
nika koji su dokazali da spol ima vaznu ulogu u procjeni boje,
odnosno njihovi rezultati pokazali su da ispitanice bolje odre-
duju svjetlinu i zasi¢enost u usporedbi s ispitanicima (18).

U muskoj skupini u ovom istrazivanju SP-i su bili naj-
brzi u procjeni boje i postigli su najnize omjere pogresaka u
drugoj vjezbi, a muski DS-i bili su najsporiji u procjeni boje
s najvisim omjerima pogresaka u istoj vjezbi ( P< 0,05). Isto-
dobno su u zavrsnom testu muski SP-i postigli najvise re-
zultate, a muski RP-i najnize (P < 0,05). Ortolan i suradni-
ci dokazali su takoder da su klinic¢ari brze procjenjivali boju
od studenata dentalne medicine (19). Razlog za to moze biti
u ¢injenici da specijalisti stomatoloske protetike procjenjuju
boju zuba svaki dan koriste¢i se razli¢itim klju¢evima boja u
odnosu prema studentima dentalne medicine koji su neisku-
sniji u tom poslu.

U skladu s prije navedenim rezultatima, druga nulta hi-
poteza da nema razlike u rezultatima dobivenima iz vjezbi i
zavr$nih testova izmedu Cetiriju ispitivanih skupina u muskoj
i zenskoj skupini ispitanika pojedina¢no, bila je takoder od-
bacena. U ovom istrazivanju od ispitanika se trazilo da obave
tri viezbe kako bi ispravno odabrali svjetlinu, svjetlinu i zasi-
¢enost zajedno te svjetlinu, zasi¢enost i nijansu boje testiranih
zuba takoder zajedno. Nakon toga ispitanici su proveli zavrs-
ni test kojim se procjenjuju sva tri navedena svojstva boje za
15 testiranih zuba. Premda je nadena znacajna razlika u OP2
izmedu muskih SP-a i RP-a, omjeri pogresaka (OP) za oba
spola dosegnuli su najvise vrijednosti (oko 50 % pogresnih
odabira) u tre¢oj vjezbi u kojoj je zadatak bio da se istodobno
procjene sva tri parametra boje (slika 2). Moze se zakljuciti da
se taj protokol pokazao najsloZenijim.

Sinmazisik i suradnici dokazali su da doktori dentalne
medicine ¢ine viSe pogresaka u parametru svjetline, a uceni-
ci dentalni tehnicari u parametru nijanse boje (20). U nasem
istrazivanju muski DT-i imali su viSe pogresaka pri procjeni
svjetline (P > 0,05), muski RP-i pri procjeni svijetline i zasi-
¢enosti, te svjetline, zasi¢enosti i nijanse (P < 0,05), a zenska
skupina bila je ujednacenija u procjeni (P > 0,05; slika 2.). U
svojem istrazivanju Haddad i suradnici nisu bili u moguéno-
sti odrediti utjecaj iskustva u procjeni boje, no Capa i surad-
nici te Ragain i suradnici dokazali su da je stru¢no iskustvo
pozitivno utjecalo na ishod odredivanja boje (21 - 23).

S obzirom na rezultate zavr$nog testa i AE vrijednosti, u
nasem istrazivanju nisu pronadene znacajne razlike izmedu
stru¢nih profesionalnih skupina u muskaraca, SP i DS sku-
pine postigle su vise rezultate (919 i 899) i nize AE vrijed-
nosti (1,751 1,95) od RP-a i DT-a (873 i 893, 2,67 i 2,52)
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pational groups in men, and SPs and DSs groups obtained
higher scores (919 and 899) and lower AE values (1.75 and
1.95) than RSs and DTs (873 and 893, 2.67 and 2.52, re-
spectfully) (P>0.05; Figures 3 and 4). This result is in accor-
dance with the results of the research conducted by Sinma-
zisik et al (20).

At the same time, however, the results were completely
different in the female group in our study. The SPs obtained
the lowest scores and the highest AE values and the RPs vice
versa, and this difference was found to be significant (F=3.5;
df=3; P=0.02) (Figures 3 and 4). This result was surprising,
but if we look at the rest of the results and compare these fe-
male occupational groups, we will see that female SPs needed
less time (15.2 min) to accomplish the entire task than female
RPs (18.1 min), and they made a larger number of mistakes
in the third exercise when matching lightness, chroma and
hue together, which turned out to be the most difficult task
(Figures 1-4). It seems that two minutes longer assessment
was the most crucial for female occupational groups.

The third null hypothesis was that no impact of the results
obtained from the exercises and final tests on the amount of
estimated color difference in both gender groups will be dem-
onstrated. But this was rejected because the results of mul-
tiple regression analysis revealed that there was a great im-
pact of the variables observed in this study on the variability
of AE. In men, it amounted to 78%, and in women 80%
(P>0.05) (Table 1). It needs to be emphasized that the re-
spondents who have previously contributed to comparable
research or have been practicing color assessment, or those
who had some previous shade selection knowledge or train-
ing on using the 3D Master shade guide, were excluded from
the study. Therefore, the participants included in this study
were dental occupational staff who accomplished this type of
task for the first time with no preliminary lectures. They have
undergone three training exercises where they have learnt
how to assess color arranged by lightness, chroma and hue,
step-by-step, and, after that, they did their final test. The re-
sults of our study proved that this type of training with no
previous lectures strongly influenced the final result in both
male and female groups (AE) (P>0.05) (Table 1). Many ex-
perts in this field have already emphasized the need for train-
ing in color science and found that lessons on color selec-
tion, along with training and experience can improve the
color matching ability of dental professionals (14, 20-24). At
the same time, various articles claim that previous experience
does not improve nor has a minimal impact on the ability of
color selection (18, 21, 25).

In this study, we wanted to investigate not only the re-
sults of the final test, but also the results of three exercis-
es preceding the final test in order to explore their impact
on the amount of estimated color difference. In our further
study, we want to explore in detail which VITA 3D-Master
shades were most often assessed accurately. Additionally, we
would like to investigate into the VITA 3D-Master shades
that were most often assessed incorrectly in different dental
occupational groups.

Dependent Quality of Shade Matching .

(P > 0,05; slike 3. i 4.). Taj rezultat poklapa se s rezultatima
istrazivanja Sinmazisika i suradnika (20).

No istodobno su u Zenskoj skupini u nasem istrazivanju
rezultati bili potpuno razliciti. Specijalistice protetike posti-
gle su najnize rezultate i najvise vrijednosti u razlikama bo-
je, a specijalizantice protetike obrnuto, te je ova razlika bila
znacajna (F = 3,5; df = 3; P = 0,02, (slike 3. i 4.). Taj rezultat
iznenaduje, ali ako pogledamo ostatak rezultata i usporedi-
mo ove zenske profesionalne skupine, vidjet ¢emo da su isto-
dobno Zenski SP-i potrosili manje vremena (15,2 minute) da
zavrde cijeli zadatak u odnosu prema zenskim RP-ima (18,1
minuta) te su ucinili vise pogresaka u trecoj vjezbi pri odre-
divanju svjetline, zasi¢enosti i nijanse zajedno, $to se isposta-
vilo kao najveca poteskoca (slike 1. — 4.). Cini se da je dvije
minute dulja procjena boje bila najznacajnija u Zenskim pro-
fesionalnim skupinama.

Tre¢a nulta hipoteza bila je da nema utjecaja rezultata do-
bivenih iz vjezbi i zavrsnih testova na iznos procijenjene razli-
ke u boji u objema skupinama prema spolu. Ipak ta je hipo-
teza bila odbacena jer su rezultati multiple regresijske analize
pokazali velik utjecaj ispitivanih varijabli u ovom istrazivanju
na varijabilnost AE. Kod muskaraca oni obja$njavaju to u 78
% slucajeva, a kod zena u 80 % ( P> 0,05) (tablica 1.). Tre-
ba istaknuti da su ispitanici koji su prije sudjelovali u slicnom
istrazivanju, ili su ve¢ vjezbali odredivanje boje te posjeduju
odredeno znanje u procjeni boje i vjezbali su s kljuéem boja
3D Master, bili iskljuceni iz istraZivanja. Prema tome ispita-
nici su bili profesionalni djelatnici koji su ovaj zadatak s klju-
¢em 3D Master za boju proveli prvi put i to bez uputa. Su-
djelovali su samo u trima vjezbama na kojima su, korak po
korak, naucili kako odrediti boju sastavljenu od svjetline, za-
si¢enosti i nijanse, nakon cega je slijedio zavrsni test. Rezulta-
ti nadeg istrazivanja dokazali su da ta vrsta uvjezbavanja pro-
cjene boje bez ranijih uputa snazno utjece na zavrsni rezultat i
u skupini muskih i Zenskih ispitanika (AE) (2> 0,05) (tablica
1.). Mnogi stru¢njaci u ovom podrudju neprestance isti¢u po-
trebu za uvjezbavanjem procjene boje i dokazali su da ucenje,
uvjezbavanje i iskustvo mogu poboljsati sposobnost odredi-
vanja boje kad je rije¢ o stomatoloskim profesionalcima (14,
20 — 24). Istodobno autori razli¢itih ¢lanaka tvrde da ranije
iskustvo ne poboljsava sposobnost odabira boje, ili samo mi-
nimalno utjece na to (18, 21, 25).

U ovom istrazivanju Zeljeli smo analizirati ne samo rezul-
tate zavr$noga testa, nego smo ukljucili rezultate triju uvod-
nih vjezbi koje su prethodile zavr$nom testu sa svrhom ispi-
tivanja njihova utjecaja na iznos procijenjene razlike u boji.
U daljnjem istrazivanju zelimo detaljno ispitati koje su VI-
TA 3D-Master boje u razli¢itim stomatoloskim profesional-
nim skupinama naj¢esée odredene to¢no, odnosno neto¢no.
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Conclusions

In this study, men needed more time to complete the fi-
nal test. Male SPs made a smaller number of mistakes in sec-
ond exercise, needed significantly less time to complete the
final test and achieved significantly higher scores (<0.05).
Female SPs assessed highest, and DSs and RPs the lowest col-
or differences (P<0.05). When assessing lightness, chroma
and hue simultaneously, the participants made a larger num-
ber of mistakes. Male SPs and DTs were the most success-
ful in final shade matching, and female DSs were more suc-
cessful than female SPs. The results of exercises and final tests
influenced the amount of color difference in both men and
women.
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SazZetak

Sposobnost procjene boje

Zakljucci

Muskarci su u ovom istrazivanju potrosili vise vremena
da dovrse zavrsni test. Specijalisti stomatoloske protetike (SP)
imali su manje pogresaka u drugoj vjezbi, trebalo im je znat-
no manje vremena da dovrSe zavr$ni test i postigli su zna-
¢ajno bolje rezultate (P < 0,05). Specijalistice protetike (SP)
imale su najviSe, a dentalne studentice (DS) i specijalizan-
tice stomatoloske protetike (RP) najnize razlike u boji (P <
0,05). Kada se procjenjivala svjetlina, zasi¢enost i nijanse bo-
je istodobno, ispitanici su u¢inili viSe pogresaka. Specijalisti
(SP) i dentalni tehnicari (DT) bili su najuspjesniji u zavr$noj
progjeni boje, a studentice dentalne medicine (DS) bile su
uspjesnije od specijalistica stomatoloske protetike (SP). Re-
zultati vjezbi i zavr$nih testova ugjecali su na iznos razlike u
boji muskih i zenskih ispitanika.
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Svrha istrazivanja: Cilj ovog istrazivanja bio je ispitati sposobnost procjene boje stomatoloskih pro-
fesionalaca i studenata dentalne medicine uporabom kljuca za boje Vita 3D. Materijal i postupci: Sto-
tinu i dvadeset ispitanika raspodijeljeno je u jednu od cetiriju skupina: za specijaliste stomatoloske
protetike (SP), specijalizante stomatoloske protetike (RP), dentalne tehnicare (DT) i studente dental-
ne medicine (DS). Koristen je Toothguide Training Box (TTB) za testiranje sposobnosti procjene boje
ispitivaca koji se sastojao od triju vjezbi i zavrsnog testa. Pogreske su bile zabiljezene. Tijekom vjezbi
svakom je ispitaniku zabiljeZen broj pogresaka na temelju kojih su izra¢unati omjeri pogreske (OP).
Takoder su zabiljezeni vrijeme i rezultati zavrsnog testa te je izracunata vrijednost razlika boje (AE).
Pri analizi razlika koristen je jednosmjerni test ANOVA, a za procjenu utjecaja prosje¢nih OP-a, vre-
mena i rezultata na vrijednosti AE medu skupinama multipla regresijska analiza. Rezultati: Ispitanici
su potrosili znatno vise vremena za zavrsni test od ispitanica (P < 0,05). Muski SP-i ostvarili su zna-
Cajno nizi postotak omjera pogreske u drugoj vjezbi u usporedbi s RP-ima (P < 0,05) i trebali su znat-
no manje vremena nego DS-i da obave zavrsni test te postignu znacajno vise rezultate od RP-a (P <
0,05). Zenski SP-i pri odredivanju boje postigli su najvige, a DS-i i RP-i najnize razlike u boji (P < 0,05).
Rezultati dobiveni iz vjezbi i zavrdnih testova izrazito su utjecali na iznos procijenjene razlike boje u
objema muskim i Zenskim skupinama (78 % i 80 %). Zakljuéci: Unutar testirane populacije spol ispi-
tanika pokazao je znacajan utjecaj na kvalitetu procjene boje stomatoloskih profesionalaca i stude-
nata dentalne medicine.
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