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Sazetak

Svrha: Istrazivanjem se nastojalo procijeniti utjecaj razine klinickog iskustva na tocnost u procjeni
boje u razli¢itim stomatoloskim profesionalnim skupinama. Materijali i postupci: U istrazivanju je
ukupno sudjelovalo 80 ispitanika te su, ovisno o razini njihova klinickog iskustva u odredivanju bo-
je, rasporedeni u Cetiri skupine: dentalni tehnicari (DT), specijalizanti stomatoloske protetike (RP),
specijalisti stomatoloske protetike (SP) i studenti dentalne medicine — dentalni studenti (DS). Ispi-
tanici su se koristili Toothguide Training Boxom (TTB) i odredili 15 standardnih boja iz klju¢a VITA
3D-Master. U zavrSnom testu zabiljeZen je broj pogresaka svakog ispitanika te je izracunata njego-
va to¢nost. Razlika u procjeni (CE) za svaku odabranu boju izraéunata je s pomocu L*, a* i b* vri-
jednosti. Ispitane su razlike u toénosti srednjih CE vrijednosti i srednjih vrijednosti pogreske CE-a
u éetirima skupinama. Rezultati: Statisticki zna¢ajna razlika u toénosti i srednjim CE vrijednostima
unutar €etiriju skupina nije pronadena (p > 0,05). To¢nost u njima iznosila je 0,51 + 0,20 (DT), 0,54
+0,18 (RP), 0,49 + 0,16 (SP) i 0,55 0,14 (DS). Srednje AE vrijednosti iznosile su 2,10 + 0,98 (DT),
2,18 £ 0,97 (RP), 2,51 + 0,97 (SP) i 2,08 * 0,86 (DS). S obzirom na srednje vrijednosti pogreske AE-a,
pronadena je statisti¢ki znacajna razlika s DT skupinom koja je imala znatno manja odstupanja u us-
poredbi s ostalima (p < 0,05). Zakljuéci: Rezultati ovog istrazivanja dokazali su da klinicko iskustvo
nije znacajan ¢imbenik toc¢nosti u odredivanju boje. No ispitujuci srednje vrijednosti pogreske AE-a
ustanovljeno je da su DT-i uspjesniji u odredivanju od ostalih ispitanika.
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Uvod

Jedna od najvaznijih komponenti estetskoga stomatolos-
kog zahvata svakako je postupak odredivanja boje zuba.

Razli¢iti su subjektivni i objektivni nadini odredivanja
boje koji ukljucuju uporabu kljuceva boja i spektrofotomet-
ra. lako se instrumentalno odredivanje pokazalo pouzdanim,
i dalje se najées¢e upotrebljavaju komercijalni kljucevi boja
(1).

Na vizualno odredivanje boja utjecu razni ¢imbenici, po-
put dobi promatraca, njegova/njezina iskustva, tu su i mo-
gudi problemi s percepcijom boje, stanja promatranih zuba i
izvor svjetlosti (2 — 4).

Znanje o fizikalnoj pojavi boje takoder je jedan od vaznih
¢imbenika pri njezinu odredivanju. Dobro poznata Munse-
llova teorija opisuje boju kao trodimenzionalni fenomen koji
se sastoji od nijanse, svjetline i zasi¢enosti, obiljezja vaznih za
procjenu boje zuba (5, 6).

Zato je u novom kljucu boja Vita 3D Master koristena
gore navedena Munsellova terminologija (Vita Zahnfabrik,
Bad Sackingen, Njemacka), a temelji se na konceptu percep-

Introduction

Correct tooth shade assessment is one of the most impor-
tant components of esthetic dental treatment.

There are a number of different subjective and objective
ways for choosing shades, including various shade guides as
well as spectrophotometers. Although the instrumental color
matching has already been proved more reliable, the selection of
matching shade tabs from commercially available shade guides
is still the most common method of tooth color assessment (1).

Visual color matching is affected by many variables, such
as age of the observer, his/her experience, possible color defi-
ciency, condition of the teeth observed and light source (2-4).

Knowledge about the physical appearance of color is al-
so one of the important factors for visual shade selection. The
well-known Munsell’s theory is describing color as a three-di-
mensional phenomenon consisting of hue, value and chro-
ma, color characteristics necessary to observe while assessing
tooth shade (5, 6).

Therefore, a new shade guide Vita 3D Master has been
developed, using the above mentioned Munsell’s terminology
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cije boje s pet razlicitih svjetlina i trima razinama zasi¢eno-
sti i nijanse, $to se pokazalo mnogo tocnijim (7 - 9). Kako bi
se boja zuba mogla uvjezbati i $to preciznije procijeniti moz-
da uporabom klju¢a boja 3D Master, 2007. godine razvijen
je sustav poznat kao Toothguide Training Box Mark I (T'TB)
(Vita Zahnfabrik, Bad Sackingen, Njemacka), oblikovan ta-
ko da stomatolozima priblizi novi postupak (10 — 13). Taj
sustav omogucuje korisniku sustavno odredivanje svih triju
karakteristika boje zuba prema percepciji ljudskoga oka pod
standardiziranim umjetnim dnevnim svjetlom temperature
svjetlosti od 5500 K (14, 15).

Svtha ovog istrazivanja bila je procijeniti utjecaj razine
klinickog iskustva na to¢nost procjene boje u ¢etirima razli-
¢itim stomatoloskim profesionalnim skupinama — dentalnih
tehnicara (DT), specijalizanata stomatoloske protetike (RP),
specijalista stomatoloske protetike (SP) i dentalnih studena-
ta (DS).

Prva nulta hipoteza bila je da ¢e postojati razlika u to¢no-
sti odredivanja boje TTB sustavom izmedu razlicitih skupi-
na, ovisno o razini njihova klinickog iskustva (u procjeni boje
zuba). Druga nulta hipoteza glasila je da ¢e postojati razli-
ke u AE vrijednostima izra¢unatima kao odstupanja od to¢-
nih odgovora izmedu razli¢itih skupina. Tre¢a nulta hipote-
za bila je da ¢e postojati razlike u pogreskama AE vrijednosti
onih koji su odabrali pogresnu boju izmedu razlicitih skupi-
na i unutar njih, ovisno o razini njihova klinickog iskustva u
procjeni boje zuba.

Materijali i postupci

Ovo istrazivanje odobrilo je Eticko povjerenstvo Stoma-
toloskog fakulteta Sveucilista u Zagrebu.

Veli¢ina uzorka

Ukupno su odabrana 84 ispitanika koji su, ovisno o razi-
ni klinickog iskustva u procjeni boje zuba, podijeljeni u ¢e-
tiri skupine:

- 20 dentalnih tehnicara (DT) — 5 muskaraca, 15 Zena;
prosje¢na dob 30,4 + 1,5,

- 21 specijalizant stomatoloske protetike (RP) — 8 muska-
raca, 13 Zena; prosjecna dob 31,1 + 2,1,

- 23 specijalista stomatoloske protetike (SP) — 10 muskara-
ca, 13 zena; prosjecna dob 43,2 + 3,4 i najmanje 10 godi-
na specijalistickog iskustva

- 20 dentalnih studenata (DS) — 7 muskaraca, 13 Zena;
prosje¢na dob 22,1 + 1,5,

Svi su se ispitanici do trenutka istrazivanja koristili Chro-
mascopovim kljuéem boja (Ivoclar Vivadent, Schaan, Lih-
tenstajn) za procjenu boje zuba i prije testiranja nisu bili na
predavanju o koristenju sustava 3D Master ili o njemu nisu
dobili detaljne upute.

Kriteriji za isklju¢ivanje iz istraZivanja

Ispitanici koji su ve¢ sudjelovali u sli¢cnom istrazivanju,
prakticirali su odredivanje boje, koji su imali neto iskustva ili
su uvjezbavali koriStenje kljuca boja 3D Master, iskljuceni su
iz istrazivanja. To su bili jedna specijalizantica i tri specijalista.

Shade Matching Accuracy

(Vita Zahnfabrik, Bad Sackingen, Germany). It utilizes the
color perception concept with five levels of values and three
levels of chroma and hue and has been proved to be more ac-
curate than other theories (7-9). In 2007, in order to assess
tooth color using 3D Master shade guide as precise as possi-
ble and practice the procedure, a system known as the Tooth-
guide Training Box Mark II (TTB)(Vita Zahnfabrik, Bad
Sackingen, Germany) was introduced, designed to familiar-
ize the dentists with tooth shade selection (10-13). It enables
the user to systematically select tooth shades by determining
all three color characteristics in accordance with human col-
or perception under the standardized artificial daylight with
color temperature of 5500 K (14,15).

The aim of this study was to evaluate the effect of clinical
experience level on the shade matching accuracy in four dif-
ferent dental occupational groups - dental technicians (DTs),
residents in prosthodontics (RPs), specialists in prosthodon-
tics (SPs) and dental students (DSs).

The first null hypothesis was that there will be differenc-
es in accuracy of the shade tabs selection using TTB between
different groups depending on their level of clinical experi-
ence in tooth shade assessment. The second null hypothe-
sis was that there will be differences in AE values, calculated
as a deviation from the correct answers, between four differ-
ent groups. The third null hypothesis was that there will be
differences in error AE values in those who selected wrong
shades between different groups depending on their level of
clinical experience in tooth shade assessment.

Materials and methods

The design of the study was approved by the Ethics Com-
mittee of the School of Dental Medicine, University of Za-
greb, Croatia.

Sample size

A total of 84 participants, assigned to one of four groups
depending on the level of their clinical experience in shade
matching;

- 20 dental technicians (DTs): 5 men, 15 women; average
age 30.4+1.5,

- 21 residents in prosthodontics (RPs); 8 men, 13 women;
average age 31.1£2.1,

- 23 specialists in prosthodontics (SPs) and 10 men, 13
women; average age 43.2+3.4, minimum 10 years of ser-
vice as the specialist, and

- 20 dental students (DSs); 7 men, 13 women; average age
22.11.5, took part in the study. All of the participants
used the Chromascop shade guide (Ivoclar Vivadent,
Schaan, Liechtenstein) for the tooth color assessment and
did not receive any type of lecture or training about the
3D Master system.

Exclusion criteria

The respondents who have previously participated in sim-
ilar research or have been practicing color determination had
some previous shade selection experience or training using
3D Master shade guide were excluded from this study. One
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S obzirom na to da TTB protokol ukljucuje i testiranje
raspoznatljivosti boja, svi su ispitanici testirani Ishiharinim
testom s 24 slike i oni s viSe od dvije pogreske trebali su biti
iskljuceni (16). No tim testom nisu ustanovljena odstupanja
ni kod jednog ispitanika.

Zato se uzorak ovog istrazivanja sastojao od 80 ispitanika
— po 20 u svakoj od ¢etiriju ispitivanih skupina.

TTB

U ovom istrazivanju primijenjen je TTB. Svaki ispitanik
uspravno je sjeo ispred uredaja i dobio upute kako aparat radi
te o fazama uvjezbavanja odredivanja boje.

Elektro-mehanicki uredaj bio je spojen s programskim
sustavom koji se sastojao od 52 radijalno slozena zuba iz klju-
¢a boja 3D Master. Vizualizacija testiranog i odabranog uzor-
ka boje zuba obavljala se kroz otvor u sredini uredaja. Biralo
se uporabom gumba oznacenih strjelicama (slika 1.).

TTB je osigurao uvjete dnevnog svjetla (Dialite Color
Sxstem) s difuznim svjetlom dviju svjetiljaka od 5 W postav-
lienih pod kutom te s karakeeristikama od 5500 K i 1000
luksa. Prosje¢na udaljenost ispitanikova oka tijekom proma-
tranja iznosila je 25 cm.

TTB protokol sastojao se od triju vjezbi i zavr$nog testa
kojim se mjerilo znanje i kapacitet u procjeni boje. U trima
vjezbama ispitanik je morao to¢no odrediti svjetlinu, svjetli-
nu i zasi¢enost te svjetlinu, zasi¢enost i nijansu testiranih zu-
ba. Nakon zavr$enog uvjezbavanja ispitanik je morao pristu-
piti i zavr$snom testu u kojemu je istodobno odredivao sva tri
parametra na 15 testiranih zuba.

Ispitivani parametri

Tocnost

Prikupljeni su podatci o broju to¢nih odgovora svakog is-
pitanika u zavr$nom testu te je izraCunata to¢nost kao omjer
to¢nih odgovora prema ukupnom broju pokusaja (x : 15).

Iskustvo u procjeni boje .

female resident and 3 female specialists in prosthodontics
were therefore excluded.

Since the TTB curriculum includes a color vision test all
the participants were given the Ishihara test of 24 plates and
those participants who had more than two errors are exclud-
ed (16). The evaluation of the Ishihara test did not reveal col-
or vision deficiency in participants.

Therefore, the sample group finally consisted of 80 partic-
ipants, 20 in each of the four investigated groups.

TTB
The T'TB was used for the purpose of the study. Each par-

ticipant was asked to sit in front of the device, in the upright
position and received instructions regarding the functioning
of the device and training steps.

The electro mechanic device was connected to a software
system and consisted of 52 teeth from the 3D Master shade
guide, radially arranged. The visualization of the tested teeth
and the selected group from the color key was performed
trough an opening in the center of the device. The selection
was performed using arrow buttons positioning the key in ac-
cordance with the ones assortment (Figure 1).

The TTB worked under daylight lamp conditions (Dial-
ite Color System) with diffused light from two angled 5 W
lamps of 5500 K and 1000 lux. The approximate distance of
the participants’ eye during the observation was 25 cm.

The TTB training was structured in three exercises and a
final test that measured knowledge and color assessment ca-
pacity in shade matching. During the period of three exercis-
es the participants had to correctly select the lightness, light-
ness and chroma and lightness, chroma and hue of the tested
teeth, respectively. After completion of exercises, the partici-
pants had to undergo a final test in which all three parameters
needed to be assessed for 15 tested teeth.

Slika 1. TTB sustav
Figure 1 TTB system

Observed parameters

Accuracy

The number of correct answers from the final test of each
participant was collected and accuracy calculated as the ratio
of correct and total number of attempts (x: 15).
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Srednja vrijednost AE-a

Udaljenost u prostoru boja (AE) izmedu zadane i odabra-
ne boje izratunata je formulom

AE = ((AL)* + (Aa)* + (Ab))"*(17). Na temelju L*a*b*
vrijednosti proizvodaca mogle su se izracunati razlike u
AL-u*, Aa-u* i Ab-u*. U izracunu su to¢ni odgovori ozna-
¢eni kao AE = 0.

Srednja vrijednost pogreske AE-a

Kako bi se dobila informacija o rasponu AE vrijednosti
kod neto¢no odredenih boja, izra¢unata je srednja vrijednost
pogreske AE-a.

Svi su parametri izraCunati za sve Cetiri ispitivane sku-
pine.

Statisti¢ka analiza

Prikupljeni podatci uneseni su u Excelovu bazu podataka
i statisticki su analizirani programom SPSS 19.0 (SPSS, Chi-
cago, IL, SAD).

Razlike u to¢nosti, srednjim vrijednostima i pogreskama
AE-a unutar Cetiriju skupina analizirane su jednosmjernim
testom ANOVA, uz Bonferonijevu korekeiju.

Rezultati

Od ukupno 84 ispitanika, u istrazivanju je sudjelovalo
njih 80 (96 %). Cetiri su iskljucena jer su prije toga uvjezba-
vali odredivanje boje klju¢em 3D Master i imali su iskustva s
njegovim koristenjem (1 RP i 3 SP).

Testiranje Ishiharinim testom pokazalo je da ni jedan is-
pitanik nema problema s raspoznavanjem boja.

Srednje vrijednosti to¢nosti, AE vrijednosti i pogreske
izra¢unate iz rezultata zavr$nog testa na TTB sustavu nalaze
se na slikama 2. — 4.

Srednja vrijednost tocnosti iznosila je od 0,49 do 0,55
— u skupini dentalnih tehni¢ara bila je najvisa, a u onoj
specijalista najniza (slika 2.). Statisticki znacajna razlika u
to¢nosti unutar Cetiri skupine nije zabiljezena (p > 0,05; ta-
blica 1.).

Srednje AE vrijednosti iznosile su od 2,08 do 2,51 — u
skupini dentalnih tehnicara bile su najvise, a u onoj specija-
lista najnize (slika 3). Statisticki znacajna razlika u srednjim
AE vrijednostima u Cetirima ispitivanim skupinama nije za-
biljezena (p > 0,05; tablica 1.).

Srednje vrijednosti pogreske AE-a iznosile su od 4,05
do 4,84 — u skupini dentalnih tehnicara bile su najvise, a u
onoj specijalista najnize (slika 4.). Srednje vrijednosti pogres-
ke AE-a kod dentalnih tehnicara statisticki su se razlikovale
od onih u ostalim trima ispitivanim skupinama (p < 0,05; ta-

blica 1.).

Shade Matching Accuracy

Mean AE

The distance in the color space (AE) was determined for
each shade tab and color difference between the task tab and
selected tab was calculated using equation

AE=((AL)*+(Aa)*+(Ab)»)? (17). On the basis of L*a*b*
values provided by the manufacturer it was possible to calcu-
late the differences in AL*, Aa* and Ab*. In calculation, the
correct answers were recorded as AE=0.

Mean error AE

In order to get information about the range of AE values
when wrong shade tab was selected, mean error AE only for
wrong answers was calculated as mentioned above.

All the observed parameters were calculated in the four
aforementioned study groups.

Statistical analysis

The collected data were entered into Excel database and
statically analyzed, imported into statistical program SPSS
19.0 (SPSS, Chicago, IL, USA).

The differences in accuracy, AE and error AE values be-
tween the four study groups were analyzed using the one-way
ANOVA and Bonferoni corrections.

Results

Out of a total of 84 participants, 80 participated in the
study (96%). Four participants were excluded because they
had previous training and shade selection experience with the
3D Master shade guide (1 RP and 3 SPs).

The evaluation of the Ishihara test did not reveal any col-
or perception deficiencies in participants.

Mean accuracy, AE and error AE values from the results
of the final test with the TTB system were calculated in all
groups (Figures 2-4).

Mean accuracy ranged from 0.49 to 0.55, of which DSs
have reached the highest, and SPs the lowest values (Figure
2). A statistically significant difference in accuracy between
four groups was not recorded (p>0.05; Table 1).

Mean AE ranged from 2.08 to 2.51, with DSs who
reached the lowest, and SPs the highest values (Figure 3). A
statistically significant difference in AE between four groups
was not recorded (p>0.05; Table 1).

Mean error AE ranged from 4.05 to 4.84, with DTs
reaching the lowest, and SPs the highest values (Figure 4).
DTS mean error AE statistically differed from the other three
groups (p<0.05; Table 1).

Tablica 1. Razlike u toc¢nosti, srednjim AE vrijednostima i srednjim vrijednostima pogreske AE-a unutar Cetiriju stomatoloskih profesionalnih

Table 1 SDI?IBfg:Zﬁce in accuracy, mean AE and mean error AE among four dental occupational groups

F df p
Tocnost ® Accuracy 0,48 3 0,70
Srednja AE vrijednost * Mean AE 0,88 3 0,45
Srednja vrijednost pogreske AE-a ¢ Mean errof AE 3,15 3 0,03
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Slika 2. Srednje vrijednosti (x), minimalna (min.) i maksimalna
(maks.) tocnost unutar cetiriju stomatoloskih
profesionalnih skupina

Figure 2 Mean (x), minimum (min) and maximum (max) accuracy

Slika 3. Srednje vrijednosti (x), minimalne (min.) i maksimalne
(maks.) AE vrijednosti unutar Cetiriju stomatoloskih
profesionalnih skupina

Figure 3 Mean (x), minimum (min) and maximum (max) AE values

among four dental occupational groups
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Slika 4. Srednje vrijednosti (x), minimalne (min.) i maksimalne
(maks.) pogreske AE-a unutar etiriju stomatoloskih
profesionalnih skupina

Figure 4 Mean (x), minimum (min) and maximum (max) error AE
values among four dental occupational groups

Rasprava

Svtha ovog istrazivanja bila je procijeniti utjecaj razine
klinickog iskustva na to¢nost u procjeni boje u razlicitim sto-
matoloskim profesionalnim skupinama s pomocu TTB su-
stava i primjene protokola 3D Master.

Ovaj sustav primarno je oblikovan za studente koji uce
odredivati boju zuba i u nekoliko se studija istrazivao utjecaj
TTB-a na njihovo uvjezbavanje (10,12,13).

Poslije se uporaba TTB-a prosirila i na ostale skupine —
od stomatologa, tehnicara, dentalnog osoblja do laika (18 —
20). U ovom istrazivanju Zeljela se procijeniti sposobnost to¢-
ne procjene boje prema kljucu 3D Master u stomatoloskim
profesionalnim skupinama koje taj postupak provode gotovo
svakodnevno, ali prema druk¢ijem protokolu i uz uporabu
drukeijih klju¢eva boja, pa su zato bili isklju¢eni laici. Capa
i suradnici ve¢ su dokazali da stomatoloski profesionalci koji
rutinski izraduju restaurativne nadomjestke odli¢no odredu-
ju boju, mnogo bolje od ostalih profesionalnih skupina i laika
(21). To su dokazali i De la Bona i suradnici u ¢ijem su istra-
zivanju klinicki iskusniji stomatolozi postigli znacajno bolju
uskladenost od usporedivanih promatraca koji nisu bili sto-
matoloske struke (23). No u literaturi jo§ nema odgovora na
pitanje utjecaja ve¢ ste¢enoga znanja i iskustva na to¢nost u

Discussion

The purpose of this study was to evaluate the effect of
clinical experience level on the shade matching accuracy in
different dental occupational groups using the TTB and ap-
plying the 3D Master protocol.

This system was primarily designed to introduce uni-
versity students to tooth shade selection and several stud-
ies investigated the effect of the TTB on training dental
students in color identification (10, 12, 13). Later on its
use was extended to other groups - from dentists, techni-
cians, dental staff members and laypeople (18-20). In this
study, we have decided to assess the ability to accurately as-
sess shade tabs according to the 3D Master shade guide in
dental occupational groups, who assess the color mostly on
their everyday basis but in different protocols using differ-
ent shade guides, therefore, we decided to exclude laypeo-
ple. Capa et al. have already shown that dental care pro-
fessionals who routinely performed restorative procedures
matched the shades better than other dental occupational
groups together with laypeople (21). Similar results were
obtained by Della Bona et al. who also shown significant-
ly higher visual-instrumental shade agreement where both
the VITA Classical and 3D Master shade guides were used
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odredivanju boje. Neki isti¢u potrebu za uvjezbavanjem, uce-
njem i iskustvom jer to utjece na sposobnost odredivanja bo-
je (13, 18, 21, 22). Drugi, pak, tvrde da steceno iskustvo ne
poboljsava sposobnost odredivanja boje ili samo minimalno
utjece na postupak (19, 23, 24).

S obzirom na to da je svrha rada bila istraziti utjecaj pro-
tokola 3D Master temeljenog na odredivanju svjetline na spo-
sobnost to¢nog odredivanja boje ispitanika koji su se do ta-
da koristili klju¢evima boja temeljenih na nijansi, iskljuceni
su svi ispitanici s prijasnjim iskustvom u radu s klju¢em boja
3D Master i oni koji su ve¢ uvjezbavali TTB. To je bio razlog
zbog kojeg ispitanici prije testiranja nisu bili ni na kakvom
uvjezbavanju i nisu slusali predavanja o protokolu 3D Master,
¢ak nisu dobili ni osnovne informacije o parametrima boja ili
metodama koristenja klju¢eva. Prvi kontakt s novim proto-
kolom temeljenim na odredivanju svjetline bile su tri vjezbe
prije zavr$nog testa na TTB-u.

Takoder je bilo bitno iskljuciti one ispitanike koji su ima-
li bilo kakve probleme s prepoznavanjem boja jer je ve¢ doka-
zano da oni mogu rezultirati znatno lo$ijom kvalitetom odre-
divanja boje od ispitanika s normalnim prepoznavanjem boja
(25). Ni jedan ispitanik u ovom istrazivanju nije imao proble-
me s prepoznavanjem boja.

Rezultati ovog istrazivanja pokazali su da su dentalni teh-
nicari dosegnuli najviSu razinu to¢nosti, a specijalisti najnizu
-0,5510,49 (p > 0,05; slika 22.). Ti rezultati vrlo su zanimlji-
vi jer se o¢ekivalo da e specijalisti stomatoloske protetike, oni
koji boju zuba u ustima odreduju svakodnevno, biti najtocni-
ja skupina, a dentalni tehni¢ari s najmanje iskustva u tom po-
stupku najmanje to¢ni. No moramo uzeti u obzir da su se ispi-
tanici u istrazivanju u svojoj praksi koristili Chromascopovim
klju¢em boja (temeljen na nijansi) i da nitko nije znao proto-
kol klju¢a boja 3D Master. Zato su rezultati ovog istrazivanja
dokazali da oni koji su se dulje koristili kljuéem temeljenim
na nijansi (specijalisti u ovom istrazivanju koristili su se njime
dulje od 10 godina) imaju poteskoca s uporabom klju¢eva bo-
jaslozenih prema svjetlini. Istodobno, dentalni su studenti tek
pocetnici u usvajanju procesa odredivanja boje zuba i vilo je
jednostavno procjenjuju prema svijetlini.

Sinmazisik sa suradnicima koristio se omjerom pogresaka
i bodova u zavr$nom testu za procjenu sposobnosti odrediva-
nja boje zuba ucenika budu¢ih dentalnih tehnicara i stoma-
tologa i rezultati su pokazali da su ucenici bili uspjesniji, $to
se slaze s nasim rezultatima.

(18). Ucenici budu¢i dentalni tehnicari u njihovu istrazi-
vanju jos su uvijek ucili kako se procjenjuje boja i imali su vi-
Se pogresaka s parametrom nijanse, a stomatolozi vise su gri-
jesili s parametrom svjetline (18).

Isto je bilo i s AE vrijednostima u nasem istrazivanju.
Dentalni studenti imali su najnize, a specijalisti najvise vri-
jednosti —2,0812,51, (p > 0,05; slika 3.). Ovi se rezultati na-
laze unutar granice vidljivosti razlike (PT) i granice prihvatlji-
vosti razlike u boji (AT), iako nema konsenzusa o koristenju
odredenih vrijednosti. Khashayar i suradnici u svojem istrazi-
vanju istaknuli su da je u vise od pola ispitivanih studija defi-
nirana granica vidljivosti razlike od AE = 1, a u jednoj trecini
njih AE od 3,7 granica je na kojoj 50 % promatraca prihva-
¢a razliku u boji (26).

Shade Matching Accuracy

by clinically experienced dentists compared to non-dental
observers (23).

There is still no agreement in the literature about the
role of previous knowledge and experience in dental shade
matching. Some experts have emphasized the need for train-
ing, color teaching and experience proving their impact on
color matching ability (13, 18, 21, 22). The others claim that
previous experience does not improve ability in color selec-
tion or has a minimal impact on tooth-shade matching (19,
23, 24).

Since the main purpose of this study was to explore the
impact of value-based protocol of the 3D Master shade guide
on the ability to match shade tabs using the TTB on partic-
ipants assessing the color previously using hue-based shade
guides, we have excluded four participants who reported ear-
lier training and shade selection experience with the 3D Mas-
ter shade guide. Therefore, the participants in this study did
not receive any type of lecture or training, not even basic
information about dental color parameters or determination
methods using color keys before they started. The first touch
with the new value-based protocol was three exercises they
had to pass before the final test on the TTB.

It was also important to exclude the participants with any
types of color vision impairments because it had already been
proved that color vision deficiency may result in significantly
worse color matching quality compared to normal color vi-
sion (25). None of our participants discovered any color vi-
sion deficiencies.

The results of this study revealed that the DSs achieved
the highest level of accuracy and the SPs the lowest one, 0.55
and 0.49 respectively (p>0.05; Figure 2). These results are
very interesting because the SPs, who determine the tooth
color on their daily basis were expected to be the most ac-
curate group and the DSs with the least experience the least
accurate. However, we have to take into account that all the
participants in the study used Chromascop shade guide (hue-
based) in their everyday practice and no one was familiar
with the protocol of 3D Master shade guide. Therefore, the
results of this study showed that those who used shade guides
arranged according to hue over a longer period of time (SPs
in this study had been using it for more than 10 years) found
it more difficult to assess the color according to value. At the
same time, DSs who were still novices in the process of learn-
ing how to accurately evaluate the color of the tooth found it
easy to assess it according to value.

Sinmazisik et al. used the mistake ratio and scores from
the final test to evaluate the ability to match tooth color be-
tween dental technician students and graduate dentists and
they found students to be more successful in shade matching
than dentists, which is in accordance with our results (18).
In another study, dental technician students, those who still
learn how to assess the color, made more mistakes in the h
parameter, and dentists made more mistakes in the L param-
eter (18).

The same was with AE values in our study. The DSs re-
vealed the lowest shade difference values in the assessment
and SPs the highest one, 2.08 and 2.51, respectively (p>0.05;
Figure 3). These results are within the accepted perceptibil-
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Udiljak i sur.

U istrazivanju Sinmazisika i suradnika ucenici bududi
dentalni tehnicari, imali su nize AE vrijednosti (1.72) i doka-
zali su da su bili bliZi prihva¢enoj granici vidljivosti boje od
nasih dentalnih studenata, ali u njihovoj skupini stomatolo-
ga vrijednosti su bile ¢ak i vise od nasih (2.92), no jo$ uvijek
u granicama prihvatljivosti (18).

Takoder je vrlo vazno istaknuti da su u nasem istraziva-
nju dentalni tehnicari bili drugi najtocniji, a jedan od ispita-
nika iz te skupine imao je 100 % toc¢ne rezultate testa (AE =
0; slika 3.). S obzirom na srednje vrijednosti pogreske AE-a,
izracunate kao razlike u boji samo u slu¢aju da je pogresno
odredena, dentalni tehnicari imali su statisticki ¢ak znacajno
nize vrijednosti u usporedbi s ostalim trima ispitivanim sku-
pinama. To znaci da su u slu¢aju njihove pogreske odstupa-
nja u boji bila zna¢ajno manja od ostalih (p < 0.05; slika 4.;
tablica 1.).

To $to su dentalni tehnicari bili to¢niji u procjeni i u slu-
¢aju pogreske imali su manja odstupanja, moze se objasniti
¢injenicom da je rije¢ o skupini koja svakodnevno proizvo-
di boju u dentalnom laboratoriju te, iako ne poznaju proto-
kol odredivanja boje prema svjetlini, zapravo rade manje po-
greske od ostalih.

Haddad i suradnici takoder su objavili da su zene u nji-
hovu istrazivanju postigle znacajno bolje rezultate u odredi-
vanju boje od muskaraca, dokazuju¢i da je u tom postupku
vazan i spol (19). U nasem istrazivanju pokusali smo sloziti
homogene podskupine muskaraca i Zena u svakoj ispitivanoj
skupini, ali nismo uspjeli pa je u svima bilo vise Zena (55 %
—75 %), $to je moglo utjecati na rezultate. U daljnjim istra-
Zivanjima, u svrhu poboljsanja rezultata, moramo postici po-
djednak broj muskaraca i Zena, povecati uzorak ispitanika te
ukljuciti vrijeme koje su ispitanici potrosili na uvjezbavanje i

bodove T'TB sustava.

Zakljuéci

U ovom istrazivanju studenti su bili najto¢niji u procjeni
i imali su najnize AE vrijednosti.

Uzimajudi u obzir srednje vrijednosti pogreske AE vrijed-
nosti, dentalni tehnicari bili su uspjesniji u procjeni boje od
ostalih ispitanika.

Ovo istrazivanje dokazuje da klinicko iskustvo nije jedan
od znacajnih ¢cimbenika u to¢nosti pri odredivanju boje zuba.

Sukob interesa

Nije bilo sukoba interesa.

Iskustvo u procjeni boje .

ity (PT) and acceptability thresholds (AT), although there is
no consensus regarding the values that should be used. Kha-
shayar et al. found that more than half of the studies they in-
vestigated defined PT as AE=1, and one third of the studies
referred to AE=3.7 as the threshold at which 50% of observ-
ers accepted the color difference (AT)(26).

In Sinmazisik et al. study, dental technician students re-
vealed lower AE values (1.72) and proved to be even closer
to accepted PT than our dental students, but in general den-
tists group the value was even higher (2.92), but still with-
in AT(18).

What is also very important in this study is the fact that
DTs were the second best in accuracy and shade difference
with AE value of 2.1, and one of the participants from this
study group even achieved the perfect matching with no er-
rors (AE=0; Figure 3). Considering error AE, calculated as
shade difference only in the case of errors, DTs even revealed
significantly lower value in comparison to other three ob-
served groups in the study, meaning that when they made a
mistake, its discrepancy was lower (p<0.05; Picture 4; Table
1).These findings regarding more accurate assessment with
less difference in shade matching can be attributed to the fact
that DTs are focused on colors during their laboratory work
even when they are not familiar with value-based protocol,
thus having less chance of an error in tooth color assessment.

Haddad et al. also reported that females in their study
achieved significantly better shade matching results than
males, indicating that gender plays an important role in
shade matching (19). In our study, we have tried to achieve
homogenous subgroups of men and women in each inves-
tigated group but have not fully succeeded because we had
more women (55%-75%) in all four groups and this proba-
bly affected our results. An equal number of men and wom-
en, larger number of participants as well as longer periods of
training time and scores obtained from the TTB system are
needed for pursuing further study.

Conclusions

The students achieved the highest accuracy and the lowest
AE values in the study. With regard to the mean error AE val-
ues, DTs were more successful in shade matching than oth-
er participants.

This study shows clinical experience is not found to be a
significant factor to the shade matching accuracy.
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Abstract

Objectives: The aim of this study was to evaluate the effect of clinical experience level on the shade
matching accuracy in different dental occupational groups. Materials and methods: A total of 80 par-
ticipants, assigned to one of four groups depending on the level of their clinical experience in shade
matching: dental technicians (DTs), residents in prosthodontics (RPs), specialists in prosthodontics
(SPs) and dental students (DSs) took part in the study. They were asked to use Tooth guide Training
Box (TTB) and determine 15 standardized shade tabs using VITA 3D-Master shade guide. The num-
ber of mistakes in final test for each participant was recorded and accuracy was calculated. Color
difference (CE) values for each shade were calculated from L*, a* and b* values. Differences in ac-
curacy, mean CE values and mean error CE values between four different groups were examined. Re-
sults: No statistically significant differences were found between the groups regarding accuracy and
mean CE values (p>0.05). The accuracy rate in four groups was 0.510.20 (DTs), 0,54+0.18 (RPs),
0.49+0.16 (SPs) and 0.55+0.14 (DSs), respectively. Mean CE values were 2.10£0.98 (DTs), 2.18+0.97
(RPs), 2.51+0.97 (SPs) and 2.080.86 (DSs), respectively. Regarding mean error CE values, DTs made
errors with significantly less deviations compared to other groups (p<0.05). Conclusions: This study
has shown that clinical experience is not found to be a significant factor to the shade matching ac-
curacy. With regard to the mean error CE values, DTs were more successful in shade matching than
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