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SURPMHQH X VYMHWOLQL ]DVLUHQRVWL L QLMDQVL ERMH W

6DaHWDN

6XYUHPHQD GHQWDOQD PHGLFLQD RVLP QD IXQNFLRQDOQR
Koliko je lijep RVPLMHK ELWQD NDULND X aLYRWX VYDNRJ SRMHG
NRMLPD MH QHIDGRYROMVWYR ERMRP ]XEL SUL VDPRP YUKHX
PRJOL PLMHQMDWL SRVWRMHUOX ERMX ]XEL PR UREPRD HMXMQD
NRML QDVWDMH SREXyLYDQMHP IRWRUHFHSWRUD VYMHWOR
ERMH EDYLR VH SURIHVRU 0XQVHOO L UD]JORALR MX QD WUL
Kasnije su uvedeniia*b i L*C*h sustavi za detaljniji prikazastavnica boja. Boju zubi
PRAHPR RGUHGLWL NRQYHQFLRQDOQR SRPRUX NOMXpD ER
spektrofotometra. Postupci izbjeljivanja zubi dijele se na intenzivno izbjeljivanje u ordinaciji
SRPRUX YRGLNRYD SHURNWH WWNLULUMEMH ONNRIQHHIMHU RGO DJDF
NDUEDPLGRYD LOL YRGLNRYD SHURNVLGD QLALK NRQFHQW!
EUJR SRVWLJQXW HIHNW QR SRVWRMH UL]JLFL RG R&aWHIU
izbjeljivanja udlagama swmala pojavnost preosjetljivosti i dulja postojanost boje, stoga se
smatra zlatnim standardom. U ovom radu prikazani su rezultati promjene boje zubi tijekom
SRVWXSND L]JEMHOMLYDQMD XGODJDPD PMHUHQL VSHNYV
LIUDpXQRP GRRGRWMDGNRDNR VH ERMD ]XEL X GYD WMHGQD
SUHGVWDYOMD UD]JOLNX XRpOMLYX SURPDWUDpPX 1DGDOME
vrijednosti a* i b* su se pomakle prema hladnim tonovima, a indeks izbjeljivanja pomaknuo

VH ]D WUL MHGLQLFH XOLMHYR QD NOMXpX ERMD 1DYHGHQ
SRVwWDOD EMHOMD &WR MH L ELR FLOM SRVWXSND L]JEMHON

.OMXpQH ULMHpL HVWHWLND ERMD ]XED NOMXp ERMD VSt



Changes inbrightness, saturation and color nuances duringhe teeth bleaching process

Summary

Contemporary dental medicine, besides functionality, emphasizes aesthietiagmportance

of a beautiful smile in life foreach individual is shown in many researches in which
dissatisfaction withteeth coloris atthe top of S H R Sappe&irdnce. In order to change the
existingteeth color, we must first define i€olor represents sensory stimulus generated by
excitation ofphotoreceptors with light beams on eye mesh. Professor Munsell studied color
and divided it into three components: shade,dghtiness and saturation. L*a*b and L*&*
systems were introduced later for a more detailed representation of color components. The
tooth color can be determined conventionally using a shade guide or digitally by a colorimeter
or spectrophotoeter. Teeth whitening procedures are divided into intensive bleaching in
office using high concentration of hydrogen peroxide and bleaching ae hwminglower
concentrations ofarbamide or hydrogen peroxide. The advantage of intensive bleaclaing is
rapidly achieved effect, but there are risks of gingivitis yplersensitivity. The benefits of
splints bleachingnclude asmall occurrence of hypsensitivity and longer lasting coloso it

is a gold standard. This paper presents the results of change of tooth color during the
bleaching processieasured by a spectrophotometdathematical calculations showed that
teeth colorin two weeks changed .48 units, which is the difference visible to observer.
Furthermore, brightness ireased, saturation decreased, a* anhdvddues shifted to cold

tones, bleaching index shifted for three units to the left on shade. Jundeesults indicate

that toothcolor became whiter, which was the goal of bleaching.

Keywords: aesthetics; tooth color; shade gusgpectrophotometeteeth bleaching
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1. UvOD



Karolina Vrabec, diplomski rad

U suvremenojdentalnojmedicini uz postizanje funkcionalnosti stomatognatnog sustava i
VWDQMD EH]JEROQRVWL XVQH &XSOML Qrametat \Z8/ projetiD SRV
XV S M HrérgpigeV W L

/ILMHS RVPLMHK LJUD YDAQX XORJX X PHyYXOMXtérive§hB M LQW H
za mentalno i socijalno blagostanje svakog pojedinca (1).

SVLKROR aAN®pXIOORVMLMHKD LVWUDALYDOL VX 9DQ GHU *H
rezultatakako su boja zubi i vidlivost LQJLYH RGOXpXMXiUL IDNWébg X YOD\
osmijeha (2).

Al-=DUHD MH SURYHR LVWUDALYDQMH VD VYUKRP SURFMHQF}
WH NRMLP HVWHWVNLP WUHWPDQLPD EL JD YROMHOL SRER
LVSLWDQLND ELOD QH]DGRY R OM®Dbojohd @uUBiGReRadpX¥dijistvo RG pH
ERMRP ]XEL L AHOMD ]D SREROMADQMHP HVWHWLNH X SU
QH]DGRYROMVWYR ELOR YHUH L WHAQMD ]D LIEMHOMLYDQM
60LPQX VWXGLMX SUR ¥Na@h i\sXradhRiPtRIsIaR@viQ kako] e\ 37,3%
LVSLWDQLND QH]DGRYROMQR YODVWLWLP RVPLMHKRP RG [
uzrok nezadovoljstva. 88,2% nezadovoljnih ispitanika izjavilo je kako su spremni podvrgnuti

se postupku izbjeljivanja zubi (4).

Rezultati QDYHGHQLK VWXGLMD QH L]QHQDYXMX V RE]JLURP
QDMXRpPOMLYLMLK GHWDOMD QD OMXGVNRP OLFX RGPDK QI
2GUHYHQH VWXGLMH SRND]XMX NDNR SDFLMHQWL ERMX ]XE
preferiraju svjetlije i sipsit MH QLMDQVH RG SULURGQLK &4WR PRaH SU
GRQRaAHQMD RGOXNH R SURPMHQL SRVWRMHUH ERMH ]XEL
6YH YHUL |DKWMHYL SDFLMHQDWD ]D OLMHSLP L ELMHOLP
YHUH L]D]JRYH .DNR ELVPR > WX\ RGDWRDAREHNHK VWDJEQ QDa
SR]IQDYDQMH SRVWXSDND L PDWHULMDOD ]D LIEMHOMLYDQN
6YUKD RYRJ UDGD MH SULND]DWL NDNR PLQLPDOQR LQYD

osmijeha izbjeljivanjem zubi udlagom.



2. BOJA PRIRODNOG ZUBA



Karolina Vrabec, diplomski rad

2SDAaDRMHERMH QDVWDMH SREXYyLYDQMHP IRWRUHFHSWRU
JUDNDPD NRML VYMHWORVQX HQHUJLMX SUHWYDUDMX X H
SUHQRVH X NRUX YHOLNRJ PR]JD %RMH UD]JOLNXMHPR ]LC
selektivnu oSHWOMLYRVW QD WUL SULPDUQH ERMH NRMH GHWHN
SODYR ]J]HOHQR L FUYHQR 2VWDOH ERMH YLGLPR NDR RG
%RMD NRMX RSDAaDPR ]JDSUDYR MH UHIOHNVLMD VYMHWORV\

1926iK SURIHVRU $OEHUW +HQU\ OXQVHOO EDYLR VH SURXpD
MH UD]YLR VXVWDY UD]ODJDQMD ERMH QD NRPSRQHQWH NR
ERMD OXQVHOO MH ERMX RSLVDR SRPRUOX W(ergvaluef HQ]LMH
kromatografska vrijednost (eng. chroma). Nijansu definira kao kvalitetu kojom razlikujemo

jednu boju od druge, to jest osnovni ton boje. Dijeli ih na jednostavne (eng. simple) i
VDVWDYOMHQH HQJ FRPSRXQG 8 MHDYKVWHO O XXE UMK
GRN VX VDVWDYOMHQH VSRM G Y-trivka, didi/@&leRay itl.[BYjeihak SULP
R]QDpDYD NYDOLWHWX ERMH NRMRP PRAHPR UD]JOLNRYDWL
brojevima od 1 do 9 na vertikalnoj skafjdje 1 predstavlja najtamniju, a 9 najsvjetliju
QLMDQVX .URPDWRJUDIVND YULMHGQRVW NDR WUHUD GL
WRQRP ERMH RGQRVQR MDpLQX ERMH

6YH ERMH PRAaHPR L]PMHULWL RYLP WURGLPHQ]JLRQDOQL
prHGVWDYOMD QLMDQVX RNRPLWL VWXS X VUHGLAWX NUXa
ND NUXAaQLFL ][DVLUHQRVW ERMH 6O0OLND
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Slika 1. Munsellov sustav boja. Preuzeto iz: (8)



Karolina Vrabec, diplomski rad

ORGHUQLMX LQDpPLFX 0XQVH O QRMRubdineZivmanykbor@rdtiiGVW D Y C
sustav. Koordinatal R]QDpDYD VYMHWOLQX HQJ OXPLQDQFH WH V
gdje je O crni, a 100 bijeli ton boje. Vrijednost @redstavlja intenzitet (eng.chroma) boje, a

PMHUL VH NDR RGVWXSDQMH RG QHXWUDOQH RVL 7UHUD Y

1976. godine uveden je*B*b prostor boja od stran€ommission Ingrnationale de
/IM(FODLUDJH &,( &hRk&bLirddiMer{zbRdlrd QX koordinatni sustav. Na osi y
VPMHAWHQD MH VYMHWOLQD E RG® stistaid. @3hH & predsthviiajd G Q D N F
NURPDWLPQRVW BRWHVHERWHQDLMDH DQD [ RVL QMH]LQ SR]L!
crvenu boju, anegativan na zelenu. Na z osi nalazi se dimenzijjapio ML SR]JLWLYDQ V
SUHGVWDYOMD aXWX D QHJDWLYDQ SODYX ERMX 6O0OLND

Ll
White

Slika 2. L*a*b prostor boja. Preuzeto iz: (11)



Karolina Vrabec, diplomski rad

%RMD SULURGQRJ ]XED ]ERJ QMHJRisddeSR Svajdivd &O W Lp Q F
posjeduje i translucenciju, transparenciju te opacitet (12). Translucencija predstavlja svojstvo
WYUGLK ]XEQLK WNLYD GD SURSXawDMX RGUHYHQX NROLPD
svjetlosti koja nije niti apsorbirana NtWUHIOHNWLUDQD 7UDQVSDUHQFLMD R
WUDQVOXFHQFLMH D RSDFLWHW QDMPDQML awWR MH ]XE S
neprozirniji, to je opaktniji.

%RMD ]XED RYLVL SUHYHQVWYHQR R QMnRefeméhathVDyL L V
]JDWLP L R RNROL4AQLP pLPEHQLFLPD &DNOLQD GHQWLQ L S
=D ERMX ]XED QDMYHULP GLMHORP RGJRYRUDQ MH GHQWL
'HQWLQ GDMH RSDNWQRVW ]X EgXmairR€a,la MahjeHnineXaBzWaHBD R U J C
QDVSUDP FDNOLQH &DNOLQD SRVMHGXMH NULVWDOLUH
WUDQVOXFHQFLMX .ROLNR UH ]XE ELWL WUDQVOXFHQWDAQ
cervikalne prema incizalnoj odnosno okD OQRM WUHULQL ]XED "UXJL
najtranslucentniji, to jest najtransparentniji dio zuba je incizalni brid prednjih ili okluzalna
SORKD VWUDAQMLK J]XEL GRN MH FHUYLNDOQL GLR QDMPDC
zuba zbog najtanje cakk i prosijavanja dentina.
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Karolina Vrabec, diplomski rad

. RQYHFLRQDOQBRJRGUHYLYDQMH

.RQYHQFLRQDOQR RGUHYJLYDQMH ERMH SUHGVWDYOMD YL]X
NRML VOX&L NDR VWDQGDUGL]LUDQD UHIHUHQFD XVSRUHY.
ERMD 9L]XDOQD XVSRUHGED ERMD SR QRNusjEKiranpteél R SU
NRML QLMH QDMSRX]GDQLML QR XQDWRpPp WRPH VH L GDOMtF

2VLP SURPDWUDpPD QD SUDYLODQ RGDELU ERMH XWMHpH
UD]J]ORJD ERMD WUHEDOD REGRHQARP WL \ODWORH VQRRRSUWL NR
umjetnoj rasvjeti trebalo bi koristit bijelo svjetlo temperature boje od 5500K (15, 16).

2NROQH ERMH NRMH XRNYLUXMX ]XEH SRSXW aADUNR FUYH
RGMHUH WDNRVYHU XbgjMHipaxkol) e (@ diratFaH Bl [SMga bi prije procjene
ERMH SDFLMHQWH WUHEDOR LQIRUPLUDWL GD QRVH ELMHC
preparate dekorativne kozmetike na lice.

.DNR EL 4WR WRPQLMH SURFLMHOQHIONDERMMN ]| XEDD X[ O/DY®l HF
boja koji mora biti postavljen ispod zuba kojem se procjenjuje boja, a ne pored njega (17, 18).

1D WUALAWX SRVWRMH UD]QL NOMXpHYL ERIV[ES(‘WT,QDMbHéUI
Zahnfabrik, % DG 6IFNLQJH&) VIIM tidRgicpl ATD4° VDGUAL ERMD NRN
RIQDpHQH VORYRP L EURMNRP SULPMHULFH $ $ % LW
VORYLPD $ % & L ' *UXSD $ VDGUAL FUYHQR VPHYyH JUX:
grupa D crveno sive nijjanse. $3§yW OLQD MH R]QDpHQD EURMHP RG GR
MH ERMD ]DVLUHQLMD D &@&WR MH PDQML ERMD MH VYMHW
OLMHYRP NUDMX NOMXpD ]D SURFMHQX ERMH SULOLNRP L]I
M2 i M3 (19, 20).
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Slika 3. VITA classical AID4°, Preuzeto iz: (20)




Karolina Vrabec, diplomski rad

.DNR EL RGDEUDQD ERMD ELOD a@&WR VOLPpQLMD RQRM SUL
Toothguide 3D Masteér(VITA Zahnfabrik, % DG 6IFNLQJHQ NRWHPBRBRNMHGXMH
paletu UDVSRORALYLK ERMD RG SUHKRGQR RSLVDé)RDG\lD‘iMXbD

X]RUDND ERMD NRML VX UDVSRUHYHQL X SHW JUXSD 60|
XJRUND XQXWDU GUXJH WUHUH L pHWYUWH VHGRP D XC
SRUHGDQL X YHUWLNDOQRP VPMHUX SUHPD ]DVLUHQRVWL
QLMDQVL HQJ KXH ERMH 6YDND SRMHGLQD JUXSD R]QDE
VYMHWOLQX HQJ OLJKWQHVV ERMH %taflli gruRj @dppDYD QI
*UXSD SULND]XMH X]J]RUNH |]D RpLWRYDQMH ERMH SULOLNR
classical A1D4° =DVLUHQRVW ERMH R]QDpHQD MH EURMHP NRML
MH YHUL XSXUXMH QD ]DVLuEnhQ. mitidleXptebsEagiy/ sted @] @ iztihDst0
]DVLUHQRVWL XQXWDU SRMHGLQH JUXSH ERMD J/LMHYR RG
R]QDpDYD &XUNDVWLMH D GHVQR R]QDND 5 HQJ ULJKW
usporedbi sa srednjom nijanson®(20).

%RMD ]XED PRaAH VH MHGQRVWDYQR RGUHGLWL X WUL NRL
]IXED RGQRVQR JUXSD NRMRM SULSDGD SRpHYaL v QDMW
RGUHGL VH |[DVLUHQRVW QLMDQVH SRPRDWHJURG QMK O WID\H

SRSXW OHSH]H WH RGDEHUH QDMVOLpPpQLML SURPDWUDQRI
QLMDQVD SRPRUX R]QDND / L 5

-ll 1 ! ' ' ’
-yt wy =y ~ v |
| I B B

PR 0 A e

Slika 4. VITA Toothguide 3D Mastér Preuzeto iz: (20)



Karolina Vrabec, diplomski rad

3.2. Digitano RGUHYLYDQMH ERMH

'LJILWDOQR RGUHYyLYDQMH ERMH MH LQVWUXPHQWDOQD PH
PRaH SUHFL]QLMH RGUHGLW ERMD ]XED QHJR NOMXpHP ERN
RNROLQH QH LIJUDMX XORJX X RGUHYLYDQMX EgRddhtd NDR N

PHWRGX pLQL REMHNWLYQRP L SRX]GDQRP SUHGQF
QDpPpLQRP RGUHYyLYDQMD ERMH RVLP YHU QDYHGHQRJ SUHF
X NOMXpX ERMD 6WXGLMD NRMX VX8 HRNVYRIOMLN KDWY WLAY

ERMD GHILFLWDUQL X RGQRVX QD XSRWUHEOMHQL GLJLW
Zahnfabrik,% DG 61F N L QJH Qpoktiké darid p3 Doja prisutnih u prirodi (26).

BUHYyDML NRML VH NRULVWH X W orivhgtar K XpektxofodindtarW D O Q D
'LJLWDOQRP NDPHURP PR&4H VH YUOR MHGQRVWDYQR RGUH
softvera Adobe Photoshop (27). Dobiveni podaci mogu se pohraniti i poslati zubnom

WHKQLpDUX NDNR EL PRJDR L]UDERUWLL ASVR WE MpONLIM R 1 GRPAL
O0DQD RYRJ QDpLQD RGUHYLYDQMD ERMH MH QHGRYROMQD C

.RORULPHWDU PMHUL ERMX ]XED QD QDpPLQ GD ILOWULUD V°
VSHNWUD 2GUHVLYDQM HniERse Ha NsRaPeBH ispitivateJ R s] Pojom
QDVWDORP X XUHYyDMX PLMHADQMHP SULPDUQLK ERMD DGL
MH LJUDpXQDWL UD]JOLNX L]JPHYyX GYLMH ERMH "( QD WHPH!
(9, 29).

Spektrofotomtar je pouzdan instrument koji detektira boju mjerenjem promjena u refleksiji

LOL WUDQVPLVLML YDOQLK GXOMLQD X UD]PDFLPD RG GR
XJUDYyHQ MH VRIWYHU NRML GDMH SRGDWNH R VYLP VDV)\
LIUDpXQDWL "( 3ULPMHU WDNYR%AQthlnddjmm/l(IVithZIdhrﬁabTi& (DV\VEK
% DG 6IFNLQJH Q(Slkavg)P\lepkN Precizonost i ponovljivost VITA Easysh§de
$GYDQFH XUHYyDMD SRWYUyYyXMH LVWUDALYDQMH .QH]RY]|
iznosila 93,75% (30).
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Karolina Vrabec, diplomski rad

Slika 5. VITA Easyshad%Advance 4.0. Preuzeto iz: (31)
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4. POSTUPCI IZBJELJIVANJA ZUBI



Karolina Vrabec, diplomski rad

4.1. Intenzivno izbjeljivanje u ordinaciji

%LMHOL ]XEL SRVWDOL VX LPSHUDWLY GDQDaQMHJ GUXaw
jednoposjetno izbjeljivanje zubi u ordinaciji. Ova vrsta izbjeljivanja izvodi se pod budnom

NRQWURORP VWRPDWRORJD NDNR EL VH LIEMHJOH SRWHQF
YUAGL YLVRNLP NRQHFHQWUDFLMDODRDII Karo@nidbRgy pedbkddd U RNV L C
(35 NRML PRaAH GRYHVW WR VWH]DQMD WNLYD RGQRVQF
potreban oprez prilikom aplikacije sredstva za izbjeljivanje. Zbog toga je od krucijalne

YDAaQRVWL MH LIRODFLMD UDGQRJ SROMD NRVMKXUGPD PRI ILOD
EL VH JLQJLYD X SRWSXQRVWL LIROLUDOD RG DNWLYQRJ VL
LIRODFLMH JLQJLYH QX&QR MH X]JHWL LVFUSQX DQDPQH]X W
endogenom ili egzogenom obojenjulba. Endogeno obojenje nastaje prilikom razvitka zuba i

XJODYQRP MH SRYH]DQR V QDVOMHGQLP LOL PHWDEROLpPN
SRVOMHGLFD X]LPDQMD OLMHNRYD SULPMHULFH WHWUDFL
Egzogeno obojeii pH&UH VX VXVUHUH X SUDNVL D YRGHUL X]JURI
KUDQD L SLUH SULPMHULFH FUQR YLQR pDM LOL FUQLOR
XaLYDQMH QLNRWLQD GRYRGL GR aXiUNDVWLK GLVNRORUDF|

Postupak izbjeljivanja u ordinagijinakon adekvatne pripreme, sastoji se od aplikacije
aktivnog sredstva za izbjeljivanje na zubnu caklinu u trajanju od 10 do 20 minuta u
PDNVLPDOQR pHWLUL LQWHUYDOD .RULAWHQMHP GRGDWAQI
GXOMLQH QP ARRWXUHHWDWHN XIEMUX RNVLGDFLMH YRGLNRYD S
izbjeljivanja (32).

Indikacije za izbjeljivanje su umjerena tetraciklinska obojenja, blage caklinske diskoloracije,
IOXRUR]D GRN NRQWUDLQGLNDFLMH pLQHnija bdjeriyafHY S U L
RAWHIHQMD FDNOLQH RGVWRMHUOL LVSXQL YHOLND SXOS
gubitak cakline (5).

IDMYHUD SUHGQRVW LQWHQ]JLYQRJ LIEMHOMLYDQMD MH EU
QHGRVWDWNRP PRAHLYRPWURWIL ISUHRYNUHWBMQR RAWHUHQ
izlaganja (45min) vodikovom peroksidu visoke koncentracije (38%) (33). Preosijetljivost zubi
QDNRQ LQHWHQJLYQRJ LIEMHOMLYDQMD PRA&H VH VPDQMLYV
fluorida ili amafnog kalcijevog fosfata (34).
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Karolina Vrabec, diplomski rad

, JEMHOMLYDQMH XGODJRP NRG NXUuH

Izbjeljivanje udlagom obavlja se u udubnosti pacijentova doma, stoga je dobra suradnja
VWRPDWRORJD L SDFLMHQWD NOMXpQD NDNR EL VH RYLP (
na obostrano zadovoljstvo. Za razliku od izbjeljivanja u ordinaciji obavlja se aktivhim
VUHGVWYLPD QLA&H NRQFHQWUDFLMH -20% RRod@iddvim YRG!
SHURNVLGRP 2QR aWR MR& pLQL UD]JOLNX QDVSUDP LQWH]I
utH SDFLMHQW VDP XQRVLWL DNWLYQR VUHGVWYR X IRUPL
LIUDYyXMH WDNR GD VH QDMSULMH X]PX DOJLQDWQL RWLVFL
izrade sadreni modeli. Dobiveni modeli moraju se pripremiti izojan labijalnih i bukalnih

SORKD JXEL ODNRP NDNR EL VH X NRQDpPQLFL GRELR UH]
7TDNRYyHU MH SRWUHEQR PRGHOH UDGLUDWL PDOLP RNUX:
SULVQLMH SULMDQMDOD X] FHUWWLNBDXWHQGIHR JJXE@D LW QB .
RAWHUIHQMH L LULWDFLMX PHNLK WNLYD 1DNRQ DGHNYDWC
VH LJUDyXMH X ODERUDWRULMX PHWRGRP SUH&GDQH WHKQL
kako pravilno apliciratigel uXGODJX WH VXJHULUDWL GD XNROLNR GLR

ukloni vaticom.

%XGXUL VH NRG RYH PHWRGH NRULVWH QLA&H NRQFHQWUD|
GXOMH YULMHPH NDNR EL HVWHWVNL XpLQDN $RMWDR YLC
YUHPHQVNL SHULRG SUHNR GDQD LOL QRUL 8NROLNR VH UI
vodikov ili 16- NDUEDPLGRY SHURNVLG SUHSRUXpXMH VH XGOIL
XNROLNR MH ULMHp R VUHGVWYX @WNaN NRWQHFHMWRIPFQRHEL X G

Glavna prednost izbjeljivanja udlagom je niska pojavnost preosjetljivosti te dulja postojanost
postignute boje naspram intenzivnog izbjeljivanja (35). Iz tih razloga smatra se prvim

izborom te zlatnim standardom u izbjeljivanju \ritid zubi.

14



Karolina Vrabec, diplomski rad

Slika 6. 1zolirani sadreni modeli, sredstvo za izbjeljivanje, mekana udlaga. Preuzeto iz: (36)
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Karolina Vrabec, diplomski rad

8 WUDYQMX J X VWRPDWROR&GNRP pDVRSLVX 6RQGD RE
SRPHWQH L ]DYU&QH ERMH SU LizbRlE/gnjakudlaga RAOmMid KdeP SRV YV
zubimjerilasesVITAEasyShaae$GYDQFH VSHNWURIRWRPHWURP NRI
VYMHWOLQL ]DVLUHQRVWL L QLMDRELABRINRK $DKXbmNMQMWH. FS
QH]DGRYROMQD SRVMR MitbdihPzuli.RIM BrAmné¥e se doznalo kako

SDFLMHQWLFD QHJLUD SX&d8HQMH L NRQ]JXPDFLMX FUQH NDY
RERMHQLK QDSLWDND %XGXuL MH RELWHOMVND DQDPQH]
endogene diskoloracije, zakluLOR VH NDNR MH QDVWDOD GLVNRORU]
SDFLMHQWLFD MH QHJLUDOD SULMDaQMH L]JEMHOMLYDQM|

ustanovljeno je da su zubi frontalnog te premolarnog sektora potpuno intaktni (37).

Zatim su pacijenticiX]HWL DOJLQDWQL RWLVFL JRUQMH L GRQMH p
sadreni modeli (tvrda sadra tip IV). Nadalje su se modeli pripremili radiranjem gingivhog

UXED L SUHPD]JLYDQMHP YHVWLEXODUQLK SORKD LQFL]LYD
uGODJH (UNRSUHVV %OHDFK (UNRGHQW (ULFK .RSS *PE+
GHEOMLQH PP 60OLND LIJUDYHQH VX WHUPLPNLP SRVWX
73 (UNRGHQW (ULFK .RSS *PE+ 3IDO]JJUDIHQZHLOHU 1MHPL

6OLND  (WBge\Erkdp@ss Bleach.
3UHX]HWR V GRSX4AWHQMHP DXWRUD SURI GU VF 'X
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Karolina Vrabec, diplomski rad

5.1. Boja zuba prije izbjeljivanja

SRpHWQL L]JJOHG JRUQMHJVHGIKMRED ¥HHELVEDQMWHIHUHQ VSHN
]JDELOMHAHQ MMNDBHUIRPDOREBP XVSRUHGEH V NRQDpPQLP U
postupka izbjeljivanja udlagama ( Slika 8.).

6OLND SRpHWQL L]JJOHG JRMRNXW AWV QRJI VUHG
SUHX]HWR V GRSXawHQMHP DXWRUD SURI GU VF 'X

VITA Easyshae® $G YD Q F H VSHNWURIRWRPHWURP LIPMHUHQD M
VUHGLYRMNIWELYHQL SDUDPHWUL ERMH ]XED LP4DaHQL V
NOMXpX ERMD ' 0DV Wathl L\NCEhMiKdoXostiviad & , ( /

SRpHWQD ERMDCI&;BI&&IPAIDQS,NSDMXbX ERMD L]QRVLOD MH % (
ODVWHU NOMXpX R]QDpHQD V / 60OLND
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Karolina Vrabec, diplomski rad

B2 2L1.5

€302 A&/8fe

it

Slika 9.Spektrofometrijsko mjerenje boje gornjeg desiod H G DVANDHWINHXIWW DRAHQR SUHP
VITAcIassicaIA]:D4§‘NOMX|oX ERMDNDMXPXVVBHHX]IHWR V GRSXaWHQ
GU VF 'XEUDYND .QH]JRYLO =ODWDULU

,QGHNV LIEMHOMLYDQMD =+ L]J]QRVLR MH 60OLND

60OLND ,QGHNV L]JEMHOMLY DB DENpH/NFRM NS ] GHV QR J
GRSXAWHQMHP DXWEUDYSDRRQHIBYVF =XDWDUL
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Karolina Vrabec, diplomski rad

Prema CIE Ea*b i L*C*h sustavu boja vrijednost*Liznosila je 80.6, vrijednost *C17.3,
vrijednost h 94.4, dok je vrijednost &nosila-1.3, a vrijednost®17.2 (Slika 11.).

Slika 11. Spektrofotometrom dobivemgjednosti L*, C*, h, & i b* prije izbjeljivanja.
SUHX]HWR V GRSXaWHQMHP DXWRUD SURI GU VF 'X

20



Karolina Vrabec, diplomski rad

5.2 Boja zuba tjedan dana nakon izbjeljivanja

SDFLMHQWLFD MH XGODJH QDSXQMHQH JHORP QRVLOD WLN
NRML MH NRULVWLOD MH 3ROD QLJKW 6', /ILPLWHG 9LFV
karbamidovog peroksida, odnosno 3% aktivhog vodikovog peroksida. Nakam séaha

pacijentica dolazi u ordinaciju kako bi joj se ponovo odredila boja spektrofotometrom na
gornjem desnoOmMVUHGLEQIMNRWGLXXVSRUHGEH V SRpHWQLP VWDQI
]JDELOMHAHQR GLIJLWDOQRP NDPHURP 6 (itijridica negird&daL W QR N

preosjetljivost zubi.

Slika 12. 1zgled gornjeg desnog U H G L\aND WINtIA&H_daba nakon izbjeljivanja. Preuzeto
V GRSXaWHQMHP DXWRUD SURI GU VF 'XEUDYND

Spektrofotometrijsko mjerenje gornjeg desnddJ Hi&@QL\AM HN X B/ ilDY DOR MH QD S U
ERMH X XVSRUHGEL V SRpHWQRP 1DLPH XUHYyDM MH SRND]
A1-D4S NOMXpX LI]QRVL $ &WR X XVSRUHGEL V SRpHWQRP %
XOLMHYR QD NOMXpX ERMD SRUHGDQLK SR VYMHWOLQL 6C

Slika 13. Pomak jedne jedinice ulijevo prema VITA classicalD¥l®. Preuzeto iz: (38)
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Karolina Vrabec, diplomski rad

2VLP YHU VSRPHQXWH$Q HFROMHS HODNVOMKDPEPS SURPMHQD Mt
L NDGD VH L]JUD]JL X ' ODVWHU NOMXpX WH MH R]QDpHQD V
NDNR MH SRpHWQD ERMD / NRMD R]QDpDYD &XiUNDVWLM
drugimrijfHpLPD ERMX NRMD VDGU&L PDQMH &XWRJ WRQD

Slika 14. Spektrofometrijsko mjerenje boje gornjeg deskidd H G L\&ND WINRER&H_tje@an
GDQD QR&AHQMD XGODJD L]UDé—B@IRICSNdJXIIP)D BRMDFIO D VOMDL\F\WD B |
SUHX]HWR V ORXSKRWMHQMHA GU VF 'XEUDYND .QH]JRY

7TDNRyYyHU VH XRpDYD SDG LQGHNVD LIEMHOMLYDQMD HQJ ¢
WUHWPDQD V SRpHWQLK VSXVWLR QD 60LND

60OLND ,QGHNV LIEMHOMLYDQMD Q3IWNRXQHMW\NRHG @R SXOEQDPH
DXWRUD SURI GU VF 'XEUDYND .QH]JRYLU =0D
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Karolina Vrabec, diplomski rad

Prema CIE Ea*b i L*C*h sustavu boja vrijednosttLiznosila je 75.1, vrijednost*C12.3,
vrijednost h 97.8, dok je vrijednost &nosila-1.7, a vrijednost12.2 (Slika 16.).

ZH1 - 2M1.5

7Sl
12.3

978

Slika 16. Spektrofotometrom dobivene vrijednostj C*, h, & i b* tjiedan dana nakon
LIEMHOMLYDQMD 3UHX]J]HWR V GRSXaWHQMHP DXWRUD Sl

, ] GRELYHQLK PMHUHQMD ]DNOMXpXMHPR N DIN Regd ¥rijg Y MHW O
LIEMHOMLYDQMD 6YMHWOLQD VH VPDQMLOD ]D D ]DVLU
za 3.4 jedinice. Vrijednost*apomakla se s1.3 na- L] pHJD IDNOMXpXMHPR (
SULEOLALOD QHJDWLY Q& MddgarySR GIXV R VASX X X8MKH /QD SRPDN EF
tonovima. Vrijednostbh SDOD MH VD QD AaWR ]QDpL GD VH SUI
osiyuCIEla* E VXVWDYX 'UXJLP ULMHpLPD SRPDNOD VH SUHPD
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Karolina Vrabec, diplomski rad

5.3 Boja zubadva tjedna nakon izbjeljivanja

7LMHNRP GUXJRJ WMHGQD FMHORQRUQRJ QR&HQMD XGOD.

koncentracijom karbamidova peroksida nego u prvom tjednu. Naime, radilo se o Pola night
JHOX 6', /LPLWHG 9LFWRULD  $ X \AktivboQ LvDdikoMdg ML VD G

peroksida. U razgovoru s pacijenticom doznalo se kako je bila prisutna blaga preostjetljivost

na hladan zrak i napitke (37).

SRQRYR MH XpLQMHQR VSHNWURIRWRPHWULMVNR PMHUHQ
vizualna promjena he digitalnom kamerom (Slika 17.).

Slika 17. 1zgled gornjeg desnog U H G L & Q M Hh\a felthd dbXavakiodizbjeljivanja.
SUHX]HWR V GRSXaWHQMHP DXWRUD SURI GU VF 'X

%RMD JRUQMHJ GHVQRJ VUHG L &AQNHRI RWRIMHXWLR P W]HP NLHUWDA
classical A1D4° NOMXpX L]QRVLOD MH $ LGHQWLpPQR ERML QD
OHYyXWLP ERMD GRWLpPQRJ ]XED L]JUD&AHQD X ' ODVWHU NON

promjenu boje u odnosu na mjerenja prije tiedana (Slika 18.).
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Karolina Vrabec, diplomski rad

-]
Al ™
«30+ a/ofe N

6OLND 6SHNWURIRPHWULMVNR PMHUHQMH ERMH JRUQMI

WMHGQD QRAHQMD XGODJD 04F DOV X BRMDFIO D'VOOLVFW 8 U
3UHX]HWR V GRSX4WHQMHP NERWRHTRYIWR4IOBWDVE i'X

.DGD VH ERMD UD]JORAaL QD VDVWDYQLFH L GRELMH XYLG X
CEL*a* E VXVWDYX ERMD MDVQR MH NDNR MH GR SURPMHQH
cIassicaIA1D4sNOMXbX LVWRYMHW @B (RHIXRWK X S3UHR®O/RMH SRND]D
iznosi 84, C 12.5, h 105.8,%a-3.4 i b* 12.1 (Slika 19.).

Slika 19. Spektrofotometrom dobivene vrijednostj C*, h, & i b* dva tjedna nakon
LIEMHOMLYDQMD 3UHX]HWR V GRS XMW HQMWRF LDIX WARDMDD S 1
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Karolina Vrabec, diplomski rad

8 XVSRUHGEL V UH]XOWDWLPD QDNRQ WMHGDQ GDQD L]JEMH
7DNRYHU VH L RVQRYQL WRQ E&Mall.Kp&iakapidha negatitriddl G Q R V
SROX RVL [ RGQRVQR SUHmRD dokRd viijldddd$sduzal 0. P nAVARIQR Y
SRPDNOD SUHPD SODYLP WRQRYLPD 9HUD VYMHWOLQD L
predstavljaju zelena i plava, daje privid bjeljeg zuba.

,QGHNV LJEMHOMLYDQMD +« VPDQMLR VéterjimaNijeXj€ddn M HG L Q
dana te sada iznosi 5 ( Slika 20.).

w
2

EL S
R RS T

v - v ’

60OLND ,QGHNV LIEMHOMLYDQMD QDNRQ GYD WM}
SUHX]HWR V GRSXawHQMHP DXWRUD SURI GU VF 'X
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6. RASPRAVA



Karolina Vrabec, diplomski rad

.DGD EL XVSMHaAaQRVW LIEMHOMLYDQMD ]XEL SURFMHQMLYL
UH]XOWDWL ELOL EL VXEMHNWLYQL RGQRVQR RYLVLOL EL
SDFLMHQWX .DNR ELVPR UH]XOWDWH IREEMHNWLRLMLPD DX LR ¥
VOXpDMX VSHNWURIRWRPHWURP NRML SRND]XMH HJ]DNWQ'F
VH SRMHGLQD ERMD VDVWRML 8SUDYR QD WDM QDpLQ PF
XYLGMHWL NROLNR VPR ELOL XVSMHAaQL

5H]X OWDW L VITPUdeaditq IAtR4° NOMXpX SRND]XMX NDNR VH ERM
SURPLMHQLOD X $ WR MHVW ]D MHGQX MHGLQLFX ERMD ¢
ODVWHU NOMXpX V SRpHWQH / SRPDNOD VH QD O aWw R
vrijednost zas tHQRVWL X RGQRVX QD / HQJ OHIW OLMHYR QL
Vrijednost svjetline porasla je za jednu jedinicu, dok se intenzitet boje smanjio za pola

MHGLQLFH *XELWNRP aXWRJ WRQD L SRYHUDQMHP VYMHW
LQIJHQWLWHWD ERMD ]XEL VH GRLPDMX EMHOML aWR L ELR

'"HWDOMQLMRP DQDOL]RP ERMH RG RQH NRMX QXGL NOMXp
XVSMHaGQRVWL $TEOJR P*aSEH HPOD/YWDYX ERMD L XVSRUHGE
NRQDpQWDQMD |IDNOMXpXMHPR NDNR VH YULMHGQRIVW VYMt
b* VPDQMLOH WR MHVW SRPDNQXOH VX VH SUHPD QHJDWL
KODGQLMLP WRQRYLPD ERMH WH VH QD WDMUQBMBIQ POP D
WUHWPDQ LIEMHOMLYDQMD ELR MH XVSMH&DQ

, ] SULORAHQRJ JUDID 6OLND PRAHPR, CahLa&VDBVL NDNR
mijenjale tijekom postupka izbjeljivanja. Na osi y prikazene su brojke dobivene mjerenjem
spektrofotometrom, ana 0siSHULRG X NRMHP MH PMHUHQMH RGUDYHC
SULMH LIEMHOMLYDQMD WMHGDQ GDQD QDNRQ L GYD WMH
VSHNWURIRWRPHWULMVNH NULYXOMH NRMH QDP VOLNRYC
sastavnicea boje u tijeku izbjeljivanja zubi.

.ULYXOMD VYMHWOR]JHOHQH ERMH SUL YUKX JUDID SULND
krivuljla osnovnog tona linearno raste s vremenom trajanja izbjeljivanja. Usporedbom
SRpHWQRJ L NRQDpPQRJ VWohQaMB z¥11GILPR GD MH GRAaOR G
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Karolina Vrabec, diplomski rad

.ULYXOMD R]QDpHQD FUQRP ERMRP *SUHG\WRDWHORMDENPRR YLEQ
NDNR MH QDNRQ WMHGDQD GDQD L]JEMHOMLYDQMD GR&OR G
8 NRQDpPQLFL MH YULMH GaBR viayo prieNebijefivanj@ H ELOD YHUD ]
.ULYXOMH D%l vatip@ReVBWEUKBNODSDMX VH WH VX QD JUDIX |
aAaXWRP ERMRP IMLKRY WLMHN MH LGHQWLpPDQ B8RPpDYDF
LIEMHOMLYDQMD X RGQRVX QD VWDQMH SULMH WUHWPDQ!
SUDNWLPNL VWDJIQLUDMX X5 HHVWREGEXDRGEWRHY GDQD RGQR!
neznantnog pada od 0.1 krivulj® b NULYXOMH |]DVLUHQRVWL
Naposlietku, krivulja varijable*aR]QDpHQD WDPQR]JHOHQRP ERMRP SULND
X SUYLK WMHGDQ GDQD WRGIWPREHUWMRGCXHRW R/ NEEBR 50¢€
GDQD LIEMHOMLYDQMD ,] QDYHGHQRJ IDNOMXpXMHIPR GD M
RG SHULRGD SULMH LIEMHOMLYDQMD GR |DYU&AHWND SRVWX

120

100

80 —_ —

60

40

20

0 = : :
Prije izbjeljivanja Nakon 7 dana Nakon 14 dana

-20

Slika 21. Graf spektrofotometrijskih krivulja varijablt LC*, h, & i b*

tijekom postupka izbjeljivanja.
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Karolina Vrabec, diplomski rad

Kako bismo dobili egzaktnu brojku kolika je ukupna promjena postignute boje u usporedbi s
SRpPHWQRP VDVWDYQLFH ERMH NRMH VPR YHUO SULND]DOL Y
VYUVWDWL X PDPXIDXDWDLDNRXELR/ PR QXPHULpPpNL L]JUD]JLOL XV
PRAHPR VH SRVOXaLWL MHGQDGAERP NRMD UH QDP SULNI
LIPHyX GYLMH ERMH )RUPXOD JODVL

0@ > 0GP+ 0D+ GE}Y?

-HGQDGAED SUHGVWDY ®MDi by DJOLNMNGQRWINRNPHYX SRpHW
YHOLpQH

$NR X MHGQDGAEX XYUVWLPR VSHNWURIRWRPHWURP GRELY
QDNRQ QDNRQ QRAHQMD XGODJD MHGQDGAED MH VOMHGHI

0 (=[(5.5) + (0.4% + (57*?=[30.25 + 0.16 + ZB*=7.44

=DNOMXpXMHPR NDNR MH UD]JOLND SRpHWQH ERMH L RQH Q
1D 1DGDOMH PRAHPR L]JUDPpXQDWL UD]JOLNX X ERML QD
LIEMHOMLYDQMD NRBRMXHIGHPIRGR PQ W DLGADL MO DV L

0 G=[(8.97 + (1.7 + (0.D3*?=[79.21 + 2.89 + 0.0}*= 9.06

, ] GRELYHQRJ UH]XOWDWD YLGLPR NENR MH UD]JOLND YHUuUD
8 NRQDpPQLFL PRAHPR L]JUDpPXQDWL XNXSQX UD]JOLNX L]PHY
R]IQDpL@L:HMGQDGAEDa:MH VOMHGHIU

0 [(-3.4Y + (2.1F + (5.07"?=[11.56 + 4.41 + 26.0¥*=6.48

'RELYHQL UH]XOWDW RG XND]XMH QDP GD MH GR&OR ¢
LVWUDALYDQMH 'RXJODVD L VXUDGQUNDIHIRWRGYXMHN LISDNF
SRPDWUDpLPD NDNR VWRPDWROR]LPD WDNR L SDFLMHQW LI
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Karolina Vrabec, diplomski rad

8] VYH SUHWKRGQR QDYHGHQH UD]J]XOWDWH X SULORJ X'
SURPMHQD NRMX XRpDYDPR X LQGHNVX LIEMHOMLYDQMD
WUHWPDQD L]JQRVLR MH QDNRQ WMHGDQ G iakob d@aR aHQMD
WMHGQD RG SRpHWND LIEMHOMLYDQMD L]JQRVLR '"UXJLP U
uljevo na VITA Bleachedguide 3EMASTERS® (VITA Zahnfabrik, % DG 6IFNLQJHQ
IMHPDAINDMXpX V LQGHNVLPD LIEMHOMLYDQMD 6OLND

112345567 8 910111213181516 1718 1920 212223 2425 %6 2775 28
L e L L e L < L T )
ML ML M1 OMIS M2 M2 M2 M2 M2 M2 M2 M2 M2 M25 M3

_ B s

Slika 22. Pomalndeksa izbjeljivanja za tri jedinice ulijevo MATA Bleachedguide 3D
MASTER® N O MP¢duXeto iz: (20)

SRUHG VSHNWURIRWRPHWULMVNLK L PDWHPDWLpPpNL GRELY
QDNRQ LIEMHOMLYDQMD ]DELOMH &BiGe dabk uSid IILWMRIUIQ R P N LC
SURPMHQX ERMH ]XEL RG VWUDQH SURPDWUDpPD =D XVSRU|I
MHGQX LVSRG GUXJH EXGXuL QDP WDNDY UDVSRUHG IR
UD]J]OLND PHYyX ERMDPD 6O0OIWNDQMHP3RPYRBUDURMDWRAH VH
AXWLOD QD ]XELPD WH PDQMD WUDQVSDUHQWQRVW RGC
VUHGLAQMHP VMHNXWLUOX &WR MH SRVOMHGLFD XODVND N
strukturu cakline i dentina, uslledHJD VH PLMHQMDMX RSWLpPpND VYRMVW)
NUHGDVWL L]JJOHG QHWRP QDNRQ LIEMHOMLYDQMD 6WYDUC
GDQD SR I DYUAHWNX LIEMHOMLYDQMD NDGD NLVLN GLIX]
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Karolina Vrabec, diplomski rad

Slika 23. Usporedba boje zubi prije, nakon tjedan dana i nakon dva tjedna izbjeljivanja.
SUHX]HWR V GRSXaWHQMHP DXWRUD SURI GU VF 'X
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Karolina Vrabec, diplomski rad

Izbjeljivanje udlagama minimalno je invazivan postupak koji danas predstavlja zlatni standard

X LIEMHOMLYDQMX JXEL NDNR X VYLMHWX WDNR L NRG Q
LIEMHOMLYDQMD MH YUOR PDOD LOL JRWRYR QLNDNYD SUH
NRQFHQWUDFLMH NDUEDPLGRYRJ LOL YRGLNRYRJ SHURNYV
NRULVWL NRG HJJRIJHQLK GLVNRORUDFLMdntidd ZREMRYIDQLK R
GXKDQD QR WDNRYHU VH PR&H SULPLMHQLWL L NRG HQGRJ
QR&AHQMH XGODJD QD YLad@4H RG GYD WMHGQD XNROLNR MH
efekt. Sam zahvat izbjeljivanja vrlo je jednost@aL VLIJXUDQ PDQMH VX PRJXI
mekih tkiva i gingive, upravo zbog upotrebe niske koncentracije aktivne tvari. Kako su u

GbQbaQMH YULMHPH HVWHWLND L OMHSRWD JHQHUDOQR S
pacijenata sa zahjevom za ovim WePDQRP VYH YLAH UDVWL OR&HPR ]
SURYRYHQMH SRVWXSND LIEMHOMLYDQMD XGODJDPD RGYLI
SDFLMHQWD 1DLPH VWRPDWRORJ UH PRUL VYRMLP SDFLMI
GRN UH SDFLMBA@WLYRYMRBRWRLPH X REOLNX ELMHORJ RVP
]IDGRYROMVWYR X YLGX VDPRSRX]GDQMD awWR UH X NRQDpPQ
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