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|l 1 Abstract

Backgr oMaldar l nci sor Hypomi nerapireatl emt (
enamel defrestn Wbmpbesites are often the t
iI's eviithgadn cehtatngr esi n cowmpéedandkc taree MgltHh

t eewthhen compoarseedmadne | ,weHeirnevestitgatae mefnt pmod
hypomineralised enamel dFReM aH rA £%eatimfb Iwii n dn
Peptide 1(u$SAPpg)davesnd strength of resin com
to MIH teeth.

Met h c&dr:a me | speci mens were collected from
Baseline analoylsaissdrconestsat eatlsesess t he miner
of sound teeth and hypomineohl owed kyarteb
phot ogrampdycol our mevhs wekemenutsed to divide

specismaeho two di st i nntitimdsbeevrearti e ya ngdr osuepvse r(e)

speci mens were divided into three groups:
( MI H) , apdterSeAaPtsed enameh=2(5M) ¢Hdadfp produce
smooth enamel surface, crowns wermmexamir
enamel s pvefciiome nwep leadtehde nesi.mMSpelcomlesns wer e

initial Wwyt3R##actpbdsphorficar sahd hen, only gr
( MI H+T) surfaces wkRPime Plrletreat gdowps hwer e
applying Optibond Sol o ¢ckuerrerd Qiosripnogr abteima n )P,
Light Curing SysRemi horcompesi(tKercylinder
Uni versal (3M Or al Care ESPE) was then att

per I SO 29022. Speci mens -bwefrfeer ®tdo rsead i inre
storage medi a i fBo7ACi 4 ubmeufrasreest i ng . Each g
under wen29 OREROt-che ar bond strength a@@SBS)
Unisalr Testi nglTMdachoseheadlsmpmewhi ofuntil f

Fur tahnearl was sconducrt epglr ®@egigbaad ii meert sh ef rtdhm e e
groups M(GBE, (MIH+TUus (Migdhr @ ateTh stpuor mi n drea l

dens9rngpresentative specScrmdeahsecti{mnmel Kiachds d
( SEMNENnerdgiysper-sa@eXtxander sthaenao fypehe. failwu
SPSS software version 2&awas used to analy



I+

ResulTth®e: mean SBS of compiomsigreo w@ds (sDPBR)n&7 t e
MPa -1+2/. 8 D) andr 6 &p H(e ett hnme amal ue was 1.69 M
+4/0. 8(1SD) and dgroaimit e t was 4-15 4{NBPm) T+her e

was a significant difference between all
P<0.001, with a significant difference bet
(MIH) and (MIH+T) P<0.001, and (SE) and (1

Concl u®imem:hanced the SBS of resin composi
in vitro when compared -ttroeaMIiewéeehhs wit 'l

remained significantly | ower than SBS to ¢
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CHAPTER NIT:RODUCT I ON

Mol ar |l nci sor Hy pomisnear ad o rsdait ti iooan (tMH &t) c L
around 25% of the gen[efllali P opheddrawl ®@tb@rcig$ o b
in the enamel of per manent dentition, ma i
extent, t[h&hencosedrsion I mpacts patients |

confidemwoaeiahd §ahcoboeasing the affected te
di minishing the effecti Vdrldses |aaft taeprp leixeady ga
the | evel oéspenitalll yf ecaur i ngr eadaefuhg ptr be
management mor ¢ l.@Moa lelovregil ng a l forces may
|l oss of the deésuol i veEgyamamBbstBreakdown (P
edgéesd.2xposdedt[iln, arnddt]i ncr eat edde clpigadhti |ii &y

not eworthy thadccMIrH wnay womne or more <cas
dentition. The | atter i s dependent on fact
and the 'snduscdtptad i Mat y

Treat ment options are various and range f
extra¢tliromMmiA®]eat mende genrodsseewoenr al f actor s,
the cased0$ 1,3chwerddryt al devel opment al St ac
sensitivity, the gener al or al hygiene, t h
dent al decay, the prthentdsv emioprecatdfont he
The | atter must possess the capability to

dent al [ tLi9O4osweev eorr,e next ensive scenarios ma

applicati onstoefelstcarionpjnesglsf 88Cslan negl ect t}
consi deTaerehsr e, alternatives were opted
reshiansed composites (RBCs) , gl ass i-onomer
modi fied glass i1 onome8lddemennall RMGI Che arfg
indirect alloys was proposed apaAllinvtelsd s @ a

restorative materials requiraféekaedi egaiml

to extend teebhhgblighespgnthe ongoing chal

The altered composiimliikeetoi, t dlea reaeatmecieids e d
mi neral and increpoase@sprraot éichhel eéboomntedei tnty, pr o
as the diffusion of the acidi&, eZ2RBG@GN2A] i nt

are commonly wused as restoraft2 ¥,et eyt eariea |
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highly aesthetic and r esitedr aeitprpt o ciatesaon |
recommendedoalel por ous2b6denla meitnaet ec.iTdcg Iss

ensures a successful bondi ongi flor onugaptbtr hed 1
the enamel / adhbseshve pneteehaazk@md4en Whio| e

the decrease in the bonding strength bet
enamel has been reportped4d,i RBMGe vV armral sdtil
recommended for MIH treat ment|[ Whlleeamreefeor ¢ t C
it's cruci al t o un dertaneaemd tthree delnttearl a ttiios
mat erials wharsinagndiodhareidngnat eri als for i nt

a

treat ment s.

Attempts were made to ameliorate the base
rease their bond strength anlddgd-Hofnd | ¢
embling Peptides PilaSARaye espeai dlyl yemer

i n
As
technique for repairing enamedd dled[®2c8 s an o
Th ability of t haesssee nybd et i adlelso witse utrednt t o

mol ecul ar structures that are capable of s
p h
| e
[ 2
i nvestigat e wlPeuthiehre adpepfleycitnigve enamel | esi

O O u O

sphawkei ch | eads to the deposition of

iomnaMmeils remiwas as hewn iiom vitro and was

o »w o

,. HdWlever, to our k n chvalveed glee e nn oc osntduwidcit e

i mproved their shear bond strength to com
t he puofpersfeontgmi s st udy.
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CHAPTER 2: LI TERATURE REVI EW

2.0ent al Enamel
Dent al ename|l is a hard tissue structure t
and moloercgualnairs artaikaomg it the toughe[s31l]ti ssu

The enamel 6s composition consi sts predom
making up roughly 87% of its volume and

ordered fashion and displaying a high den

Ssubstance i sAlebarabaaeril%tic feature of er
tooth eruption is complete, it has -a redt
heall[i3n2gg t hger tolat eflidbomssd ditctot h dr3BgT hos

i particul arilngy hiynppoomitnaenrtal i sed teeth, where
of -Behfainndg, t hewaflwraetr nal Il ntervention.
2.1.1 Enamel Structur e

Enamel devel opmesatti eamdi sniamec@mpl ex proces:
by amel ob[l a&hecehamel matri x secretes str.i
such as Amelogenin (AMELXx), Amel obl astin

an mporctoannstt i t uent of t he matrixf 3.5nalkhieng U

Amel ogenin protein i S I nvmoil veerda | aadttihoen
mor phol ogi cal variati.emel tpani m'csust i mcten
up of tawesesndllfed part s: the amino terminal
the carboxy terminal, which is hydrophil:|

amount of,whishidsneapabl e of absorbing hy
the enamealMgduwdi it ke | atter shows a remarKk
hydroxyapatite crystals as it I's vigorous
protein center, there is a third terminal
the nanospheres. dhby eboregatsee@éntairics et hat
ends of t hdg 3.7ptl ecmd er goes proteptgtecn cl
secretion that controls the formation of 1
On the other hand, the ability of these cl
is limited. As the mwmnhaeaealpkseoscteleadp meerrta da ncda 1

t he maj ority of t he EANNMEL wmitcicah s a p peesapresc i



compl etely.

speci fic

MT

Thi s

proteases.

eradi

cation

Gradalad¢ i ym

occurs

t hr ou

dahe - mhosepl

repltahces i gi nal

enamel

componenmisned ®&laids atgi

of the hard, [MB&tsuhroewmne gidme |
~10 um
Enamel rods )\ )\
) )
2 )
) )
)i J
Q )]
) j
- 7
i =
Maturation / Amelogenin [ 5
amyloid g
degradation S
Apatite ::i—i_—_::::: Enamel rod
~—=
Sryaile \\:Q:\\i\ Amelogenin
scaffold
Mineralization
on amelogenin Pol : .
yaspartic acid
scaffold Ca?,PO,* )
5]
¢ O
Ve ¢
= MMP20
Amelogenin & —— —f:>AX Ca?,PO,*>
amyloid (‘I’” J\\“
t Amelogenin \ }/\T
OW—"" cleavage and “ Ak
= ~160 A —» self-assembly -

FigdrOei emgtreodvt h of apatite crystal sasisne mbr:
amyl-loiilde structures that guide the growtt
packing of the resulting rods gives enal
mechacal pIThp er thiisgaurr eed f r eant caens so preenposi t o
from the publi dgdr was required

21. 2 Devel opment al Defects of Enamel
Toot h devel ompimeenrtal asaéat iben i nfl uenced by
environment al factor s. I nterruption of th
and/ or gual ity 3@&fe stuhletD eavgalmep ment al Defect
Enamel [(DPDEES can bsdcatsegaormintitative def ¢
enamel thickness is reduced and hence i n:
(hypopl 4@J a)usti at2ed fi)h , or qualitative,
due to the increased enamel porosity that

presenting as

opah c st €®nghypomheemgqual it at
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defecMsl dars I ncisor Hy p o, mi wmteiraatl ai risesetdi eobny ( M
hypomineralised |-demansath émdth(i gn2e vwe)l)l and
asymmetTrhiec alloocati on of these | esions is us
oft her own, whil e the <c¢dmviswmare ntoimithadadnei s spa
type of defect may present at the same time.[ 3.8 ]

Figdrellustrates the classification asmd
tooth enamel, (b) distindcef fapaque whi t ¢
enamel wiasge¢mwihg (e) solitary hypopl astic
and (ger pmwtsitve harm caused by.TemiasmeHi aghwyrg
from aqacepesrs repository, no permissi@8h
Differentiating between MIH and other | es

suitabl e tr eatShemtntis g@nearRidog.uwr)E This can
chall enging as the |l esiompagivg. aLesmohar
inherited, devel oped | ater or caused by t
conditions is Amel ogppernessd rsf idghepjeer flescwal 1(yAl )
condition rumé$fiemtt mg foamihl wyri mar y lardd per
Additionally, it may mani fest as a combin
hypomaturation (swuahightliee¢l| def ecesi dual
contrast, MIH is a hypocalcified (qualitat
Amel ogé¢ diesanwhi | e, f | Werpa citle dJ WBirsel 8h 8 (
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usually bilateral and symmetdreimaalc,at s a@apy
asymmetricaemoest atgeud ei iFi(g@)r €a)d) ; t he | e
can be diffuse, |linear, or sometimes patct
Anot her type of | esion would be hypopl ast
| es's omorders are smooth and regul ar; as of
inherited conditions that develop | ater ar

devel opment of ear | y[ wWilkimesie pcraersi eonutse d ebsyi own
opaque | esions and usucadrlwi caaplwbkmaregaipn & e e
, MI H |
the incisal or cuspal third of theé 48fown

accumuli antde < aRtiegdB3ridnA) ) . Il n contrast

Finally, trauma may cause Turner's hypopl
trausmdt t,adhtough its | ocati on, bro rdaey , d if fofr ar
(showriigmi €)1).7]

early caries n fluorosis

“ )
AW
trauma/infection n MIH

Fi g@r é | Isushter actld ni c al pr ee rea noedtf iedne sorf( yd
onf acicalrvacscdl proxi mal stueref (aB)e s F lou o rtolse
generalised diffused discoloration on

affected tbothalWMEHdBhw{s8h well
surface of the uppbkbrs cEnpumee
repository, no permission Frand]

emar cat e
8 ¢ B ®9-aCc |/
the publ

d
d
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Figdrmel ogeinmgpéswbicth represent gener al
teefThis Figwmreed sf rseant caens so preenposi tory,
publisher VWasgmrlequired cts o

The status of DDEs as a pub[l 446]hdsabuahl gon

di sease becomes a public health concern d
severe i mpact, especially i1f it's rare. TI
on affected i ndividual s’ fbuenientgi,onah d t ys,o c
i nterafcad1,and4BDEs, whi chlaevemaywmgmhopr eval ence,
influence tooth esthetics anf4,7vpmpayxtafaf ecel
the mastitcaeamdonnandase {e&®Lh Fauearnsietrimoirtey,

contemprastowmgati vef omeasootls, tdiefaft i mewmltt i e
encountered with-enameh) ( beaddoamagateifddrd psi a

Therefore, a primary approach[ 53 rabs@®MIE sh
avoiding extensBveditegabmeMi H, f orovexampl
that teeth withr eganorréee sinovras i ovfet,ermcompl e x

treatment compared {65Uarad,f exd edu phat i pattise
| i kedegv eloop dentdal] anxi ety

2.2 Mol ar I ncisor Hypomineralisati or

2. 2.1 Definition and Prevalence

Mol ar |l nci sor Hypomineralisati onse(dMIbH) i s
distinct opacities i nMddht cft rtulte utrieme.,f itthe
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to fopet mamehtarss well as|[HBl6gMiHci s oecesmmonl vy
in the UK and.7Wdohé dwredeal ence of MIH repo
ranged be&tSwdemwos | dwhdeé % whli7tfjala sUKruci al t
that the prevalenc&hiog Mol dfbhenbeaaues .t |
di agnosticorguaddhrdses. Consequentl vy, t his
rather subjective, primasilintdepeprtdiangonnsn
to faulty classificalt’®&]whaorc he vieary nbies sdeude ct:
a st ageddarndeit hod for recording thé&6hphumber o

2.2.2 MIH: Organic and I norganic Cor

The inorganic and organic materials of t
devel oped [@n®d]niahlei easmount of miner al conten
teeth is significantly reduced to 58. 8%,
Ml ldf fected teeth also have reduced concen
-whi ch compROées raduction of [ &@drngda na c m

di sosegdandrystalline st[rugdtiumrieniwihtimgt Hihre rhc
and elastidombénbhhset al. studied whether
of the de#treactti odnidéssc oilnot ensi ty is a clinical
mi ner al density was assessed and was f o

di scarodd | esions (brownish) compared to | i
creamy),thdghpnotein content wasthasesfsced an
enamel . |t was82 fohididheo be yel éowmealnd b
respectomphyed to sAdddt ieomanlell x,ontleat pi ot
whitish | esions was higher than that o f :
compared to yellowish damdgbrbwasshhbhesid
content i ncreasamdatasont hiencdieaceldo Amongst
prot eiem®er tarh bu mi n (whicsedi & ohypmatshee stihe |
hypom nesrati on of 6)2,healeprhaanelt r ypsi n, and an
than white/ opaque[ BN]dl hseosuen dv aernfaamelons of ¢ «

have resulted ialni stahtei omy poof mi thtree ena mel an
strenf@tdhs 61.]1 n6 &,d @dbcaloo wti meg ftiondi ngs of t he
review on bonding to hypomineralised ename

adhesives to hypomineralised enamel i's | o\



HH

of the studies incorporated in the review
a significant | ower bond strength to hy|
mi ner alainsdatsitornuct ure of hypomineralised en

empl oying resin adhesivéesasto nfgooddbmh ndlisr abl e
2.2.3 Etiology

The exact cause of MI[186I,s 63dlftihlolu guhn dseetveerrnai l
were i1 dentified sianndtehwvir patmedenesibe a r

mul tifactori[aB®8mMev¢dmrainossnsr eported etiol ogi

to MIH, such as pyrexia, gestational diabe
sectiohobiltthesses | ike upper respiratory
f evifeceeMor eover, Jan et al. found a correla

concentration of Polychlorinated Biphenyl s

such as (PCBs) could be a potehnithkal emamdl

abnor mdgl7i0tf Aeshoe,ugpampidr eneonat al i ssues are
an increased frequency of DDEs in gener al
additional studies needeviodéecentder tkidn T

d

goes for the evidence that early chil dh
increased inc,jdamdre heefr BDRsDi es need to in
conne¢t7ilgtn shoul d be noted that DDEs ar e
c ha
4y

wi t hou[t6.9MI H

|l l enged ,egspepaitaitdwgeros are di agnosed- durin

elarddevel opispgr at orsy i islyWheens sc oompar ed t o

2. &Ml H Management

The nature of the anomalies of MIH teeth

t o I ts treat ment ; t hesthosheal Aehgetsi nngayt hi
themsedwels,as tooflHapednsesthettygy presentati
faced by the dentist, s uiadhu ea ¢ or d shteo rraetdi uvce
bondi ng sPtarteinegntths. wi t h MIH teeth of t en

sensitivity, particularly to cold temperat
have a negative 1 mphtl]Tohni st hheeiirg hdtaei nleyd |Isievn

al so contribute to an increased risk of C
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porous enamel, allowing bacteria to penetr
chronic infl amnalt7i,onAZlnathes plut p it becom
achieve adequate | ocal anal gediaacifngr paltiirei
at a higher need for behaviour management
[ 11, #*®3jrt hermore, the challenge of bondi n¢
teeth arises from the enamel's high prot
repetitivdg 7tdnheiacthmemmatys al so i ncr eas[e7.5d]Jent al

e available treat ment opti@neesaablbode p

storative procedjuf@®Rlecenandregséeanchi o i |

ses where restoration iiposnéeTthe i abéd fAad

h
e

t heeatpi ¢ solutions wusing materials for te
a
estorative materi al s can be postponed
0

(@]

mprehensive individualised Ppoewaempglien p

—h

ssure sealants can be used to prevent c

on mol ar7.Fleet her more, teeth that are hype
erupted can be temporiaaogndmers emd tedr iuasli :n.g Nd
it's essential to consider potenti al clin
sealants. A stoadgaseviemal ele ar edeenti on of f
affected by MIH, indicating a need@ 78¢r car

The tr eoapttméoonts -avfilfHe ct e dydteepeetrhdivhagr on t he se

mild to moderate cases, composite restorae
precebdygdi ng naoddheersnl wmreoy.e severe cases, t he
focused on addreasmsdaegt Hatnica i coalker ns. Th
treat ment i ntervention ito tdepi valrl ya bpedro
prosthetiscucsholaust ipoprnovi di ng veneers for the

mol 4r7dhe composite resi-affestedateehnhh wér

l asting than those of al tHemrceeh ey e ar es mor :

commonl!l y 5/dEdwever, the retenti e@mndfi nwempo
to be | ower in MIH patients (nmead3d,an80G,ur&i
and those applied in posterior teeth had

yealr®2,]) meaning that more repetitive denta
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23Resin composites material s

2. 3ColmpoisanRegin Composites.

Composites-basedr matmey abhse composed of S ¥
componentasamuacrhgani ¢c resin matri x, filler
di sper sed phoasgeasniacf fndn er s) and a silane
nonor g[ag&&5qd)

The organic resin matrjamoinsgsimadwehi ch mbe
commonly used -glsy 8i dpheMetGMAC)r.y | Aast evi(sBeiosu s .
GMA is typically diluted with Triethylene
ease Iits|[ &@meéinhi ndhe organi c mat satxi ounn,d etrhgeo
pol ymers faimeastibnaé net wdrml. fomfmerdt inred tw
suffers from some drawbacks, such as | ow p
and compressive strength), and [s8ulrtff aecles q we

shows high polymerisation dgBmBilnkage and w:

Filleraddedeto overcome, whersee tdheawldaalkd s
decrédasetheir amdudF] | hersaaee usuywmiltlhy i nc

glass/ quartz or fused glass partiehes fil/l

[ 8.9Tlheddai ti on of fillers necessitates the
bonding the organic matrix to the inorgani
an or-gaonrganic mol ecul e, where its inorg

surface whi lag ti tbsonadrsgami ¢ hpp resin matri x.
of composite isatciloamdei piol yanteo i s, i nhibitor
and pidmBenqts

2.3.2 ComRepstsotation Classification

Composite properties are influenced by t h
appliined erms of size, content, geometry, a

are usually classifiledd0dhecmosi nJamous hel as
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is the fillers macze; sizedapangs ittt e&Nemn(©©> si
parti e€lo&dsam()5 Tohiezeldarperticles show | ow at
tiny sized ones deliver super-bem & ed4sOnhne)t i c
were introduced to combine {{B&®&]advantages

Anot heknoweh | cl assi ficati on r eliioens oorn rtahteh e

the fill[e9.B] sbenmteeant s are inversely correl
into the materi al which | eads to a grad:i
mat erial 6s vol ume. The | atter phenh®2ne non
Moreover, there is another inverse correla
material deformation which is assessed thr
modul us. I ncreased |l evels of sorption | ead

t he samme fofc effectually mgmalgi ng sol vent

't is noteworthy that an additional cl ass
to tihetentent. It had tf wdclodnirt setnitn c t5 0l%  vaenl ds
vol ume. Several"utl-kowmi fioll bgi"es" "l ow fill B "

composi taese used synonymously to describe
filler quantities ranging from | e$9.0fhan !

2. 3Ad3vant agempofsi te Restoration

A restorativef mbahelbiadlecsdhiamd dda la,est heti c n
when wused. @omp deisteaus i ve cloonileddai whhenesin
bonding adhesives than other restorative n
i ami cme®chani cal maonéehesenemalionZem da resul t
|l ess dental tissue i s |I[®sFurdthreirmpreagyvitthey
an increased compressive strength [c9o5npar e
and a reduced ratiatoh casgp 9fffadt @BesIHhai n

wear r ehldatleyst devel opments in composites
wear rat és49 fmilclrOoometres after three yeart
enaméR2 micrometres p97TeFDBhIleey, yeamposit
provide a broad range of shades of <col our
enameldemtdi mehi ch all ows for the restorat:i
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hence more aesthetical lcyompose [ithab laoap.e | Tnhou ns
restorative choice thameaohasmenxdls,e ssthheet b icg
principles when treating DDE

2.3.4 Limitations

Composite restoration application is not v
include the patientods increased sensitivit
to the type of enamel, as it I's GBdMAect i ve
biocdampa l ity shjowd]ncamadenrnon to the pot e

pol ymerization shrinkage of composite re:
Polymerizatiooncwrbs tmleadhegedrogen bonds ar e
shordteronger bonhdenoe,0ovtaHie nmadt er,rabuV ol nme
in stresses that may affleQ@QDht had,driatditoonroatt i
properl y appelaikeadge nmacyr occur at the margin
hi gher risk of [ 9.&¢fmmdaErygom@aosietse restor at
di sadvantage is the difficulty in deter mi]|
to the poor bonding properties of affectec

amount of] 181 amel

24Evol uof oRestorative Dentistry (bor
dent)i ne

The I ntroduction of adhesive materials w
preventative and [rletditdort atli \ae heeesn tviest ray e r ¢
sol utaipgprnd ed at the interface betwéeéfd] the
They el i minated t he need of mechani cal

preparfdtQHggmce tooth structurfel@als rather g

Originally, dantalmpasédesiofesmonomer s t hat
hydrophobic and hydrophilic features, inor
initiator s, [@aIn@ A Pshteash ivlei zeeu sCc e s s mai nl vy d

mi crostructure and compesiame®bndeih tEithhaemed e n't
cont ains dray sit asladchhyddaso x y@ldARhi € hs eacwer el y
bonded to each other at the molecular | ev.
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the other hand, denti manorer xotldlageaoes | a
approxi mately 25% of the total tissue. Her
hardness and surface energy are al/l | ess
denddontains tubules that hold smear, or ga

tubules width and densi tdersthibrwale pt hati bei n
is |l arger at the surface while their dens

superfewciiasheatt hraed-hubaotaer resin absorpt.i

attained through intratubul ar pefmédbil it
Mor eover, dentinal ti ssue undergoes alter
permeability are reduced as ihtassimnginndrialand
i mplications ffor,arse Dtoonrdhdmgvienceg e o tviolcGast]ly v e
Finally, as opti mum padhessiiore insa togeu e satliso rsaulb
maj or | i mitcarta loenashd ge s ubs eguwemtdlayr y car.i
Contemporary advancements in adhesive te

i mi t[a2 0 Dns
2.4.1 Etching

During the etching proc83&%, phbeph[pltthGalntac u
Enamel requires an applicatseon Thf siBwcsecs
removcianlgci um in the outer enamel |l ayer, S
enhancing the salrlfoawcien g eeancaamevli ttyddr® steo t lag s
provide a micromechanical attachment of t
in a bbondmrgdpgares dentpali meirs saypgyd ipfc@itdiuacn n g
mi cro powlischiakl ow the resinage, pemsurat
mi cmec hanb acrad.ilntgeissenti al to stress t hat
i ncreatslkee snamef ac g lrOe7atd wevvi & P, t cthh ea dsheel sfi v e
have an aci @aice | mget@mmeant a[nld0 &]Jr i mer

2.4.2 &ndmBomdgiemg

A primer of smmadeers that are hydrophilic
acetone, or et hanol . I n some ciafctuemsttame e

etching process and right before adding t|



H'Y

permits sufficient flow andeméneaedereadatiiomg i
bridge between the hydrophil[ild6dgnd hydropl

The appliac dtoinadn ngf agent, which is a thin
restoration and t he apsrseipsatrse di nd etnhheailr ta dshseau
primer attached to the hFyudrtohpehronboirce ,r eesnisnur
appropriate curing methods is essential t«
[ 106]

2.3Generation Devel opment of Dent al

Adhesive dentistry has atoaséeell ey da0D8tns me
109] Theettohhabystem cldrampdilgoe sensh®hen 4t h

generabneoakstsshree basic parts: etwher @r i me
each constituent is packed individually a
rder . Unfortunately, the primer and bond

0
net work at dchusiagt thevelod | apesde coofl |tahgee nd
net work. The 5th Gen-andfinsee)deanaeihmott s« off
coll agen net wo yke rbgrt enagk dpooownmer and adhesi ve
sol utid®@2quaillhythe 4th andds&nhanmGde nemramealon
are simultaneou280ysetohdd @sr nd5lplh3g.s plhlddr]i

This rendered the process to be technique

dehydr at e dseddkenn trfiemoem icol | apse is a |ittle
Sektch systems eliminated the separate e
removing or chemically integrating the et

the 6th and 7th generations. The 6th gene
the pri merbotnt lae s9 nlgd teb g mis § édbteadhfi ng pr i mer
[ 115]The procedstmé nt eechni que sensitivity
dentiimetedtcahl sydtddamanwhil e, theaddiht igemalr la
simplified the process by merg[atd4al L16]ng
However, therasysniemtstoinlsl;, its acidity mak
hydrolysis and cHemnmiegcanddé¢gygsapgabdaoaned por e
thame otherf 14BBéemsot ocol of the differen
adhesives s=ee& ismmmable (1) .
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Genera| Protqg Step EtchPrimAdhes
h
4 Et ch 3 0 0 0
5t h rrns 2 n One bot

Sektc One bottl

t h
6 2 pri mer n
7th 1 All in One

Tabl®ummary of the protocol of the different

2.5 I n Vitro Bond Strength Testing

Testtimeg fe cacy of new materials beficsre th
manda.t oMNgw adhesives are mainly evaluated
with the dent al ti ssue. This evaluation i
debonding are perf dheeal yaxnids amrail masreidl.y ai n
the debonding force in relation to the b
aiimtgo | ocal i se the fracture. The concept
guantitative measure of theebondéenpgepessae
The expression of the provided values coul
( MPa) kiolrogr ammes per squafeQuaarnt if me tnrge t
debondi ngn fammrycarnit necessitates a careful

nomi nal bohtl®jg area

The surface area of the bondsestthsupfadeced
bond strength values. The diameters of bo
mmwith areas ranging? fBmml DeB bondéd9ameaa
hi gher bond strength values. It IS notewa
evaluated ei t he# e doth r omigehs b maccamof i gur ati on

wher

e
u

dependent on the asriemagt bf mese ol omBadimas of
eas-tenstcretrength S u’s Bhle foestareaws! o<
0

performed in multiple wayosut & sbhoenadrién,g .6t en:
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2.5.1 Shear Bond Strength (SBS) Test

The Shear Bond Strength se8BSEpP Bestsisst bemn

properties of materials, providing a simpl
furtheronpasntgy s peci npeln2 Op, rHoACRedsyseirng t he ' Mi cr
bond st e2BY)t ht st , whi ch all ows for t he
Sspeci mens per toot h, i s considered a se
' i mitations. The diameters of composite ¢
rangeom0087 mm. Furthermore, a thin adhesi:

significant detuonriniaotrino nl oaanddi nmga n -EBMp ar esd t
variable stress dispersal wi ukithipg 8ISy be
t estugiosnmo n, as lamiyt ed nusntbreengtfh bsothuddi e s
empl oyeld 2i,t 12 3]

Numer ous in vitro experimental trials fo
strength betweé¢nd2tdwo Iwhéefreer itanlesy r ecofmmende
conventional standards f or metasatrh ngt rtheet L
0

—

avoid potenti al variations in testing
tandardi sedet ESO6T&r 81405 (2015) for tens
I N 13990 (2017) usi ng a straight bl ade
thodontic attachmentwhe raen da leQbY e2EIdad e( 2 (
ed for testing SBS of dent al adhetsi ves

ncemsstaeses closer to the contacedged int

- — 0 c o g u
-~

S

0

120]Excljugpiasveeh as t he Ultradent jig and

or mul at ed sd ot lsd atnedfath A r.0o ¢FOY $l owi ng t hese s
Uni ver sal Testing Machine eqguhpapebdewnt h

o))

commonl yt ou saeslscersds strengthnia dempressy.on
measur ement s are made with a blade movin
mm/ mi nute parall-ehamel thebheaeaheseveare cal c
by dividing the surface area by the peak
[ 126]Despite these expsati oman t-asn afhhogrs a st aonfd at
el ements affecting SBS testing conveyed t
sever al par ameters, i ncl uddemgt Stiesd & ad &8s @a
tooth nature, the composite and bonding ar

condi tions of t he bond assemblies or t he
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crosshead speed, but this i's [lRrWe. fl@r1l] a
Nonet hel ess, the SBS tceosmmonnglsgidsu tloilkceallyc utl oe
t hleonding efficacy of new adhesive invent.

2.5.2 BeoemgiISerength Test

Tensile bond strength testing is a widely
strength bet ween di fferent matteenrsiialles . b oTnhc
strengsdvesdiomg strength for dental materi a
met al all oys,[ 1129 ,.u d®idthmomi cr ot ensil e bond
(TBSWasevel oped in 19Pp22B§t heamwnalt aalea t e:

small er than the bond area evaluated i n m
eTBS bies ng emomme mi cal , wifsspemulmeing| ®rmige ma t
a single tooth. This enhances the test's

specimens enables more creative &ItBlBdyY sset
the more precise coametogrlsbd]lobub st atod pra
di fferences (e.g. peenpheeaald we rmouse wen tfro
di stributaohualt ertfhaec e (avoiding cohesive
substrate/[T2mMpdditednatlelnys,i Iteheprnatcamol ap
more effective than the SBS approach at di
bonding perIf20 mahz&JowvewWdr, further specim
preparation -spfecti mensi ¢isorequired after t
extendi ngantdh ematkeisntg -dépeefgbBVY que

2. 6 Failure mode analysis

Bond quality evalwuation shoul d diebolnedle a
surfaces to understand materi al perfor man
nominall bofpd3Dfilrtengst essenti al to evaluate
mode to esddalbeésisthntdqwal ity for a certain &b

adhesion techniques or testing pri@8déAsses
hi gher average bondtmsthegdeh obEfobhrbsaved
failure. Cohesive failures increase with
test|[ bh@9Traditional bond stresgelar tasds
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tensil-eémscte) should consider adhesive

mi ni mal composite (<10%), daennk/.ionT hti lse riemwa |
mi croscopic examination of fractured sur
El ectron Micr[as3czdpy ( SEM)

2. 7Bi omi metic Materi al

2. 1SelAs sembPepgi degS{ 6EAPsSuUre and
Formati on

2. 7.1.1 Proteins

A protein is a polypeptidpl@BjfThhefisttrycowmur
a protein can be categorised as p[ridmhalry, s
A primary structure has ,ahusi ntehaer haynd rnoog eanc |
bet ween the polypeptide backbone, oxygen,
secondary structur e; the polypeoptmi deg d¢Hhai
proteindéds structur e; Uthted 5 eb-schoeifel1s3 5gwhei ckhn o w
are the two most common Beredidg@Gydst EYyct u
encompasses two distinct parts of a polyp
These sheets are gatkhed epardliwlieaslt edf anlde a
(Fi gbE® oraadneBdp@smurviving greater twisting
The increased stability of antiparallel S
bond geometry and the infr eqludebnc yl 307f] s mal |

| [(B) g (C) 4

ﬂ

Figbiélustrates pepgtoildd)ngMolbetult ar an-dbewi »f ar
with intramolecul ar hydr ogheenl ibxon;d(sC)i ndionrean gce
(D) mol ecul ar representrmnamnds fodr mihmgd exltBhehtaa |
intermol ecul ar hydr ogen poaornalsl-salrre® eotirsa n(gFe); c(oH)lI
triple helix with stTrhainsd sFeqouocabwroed dvii ft fhe rae mtelr
of the riFRrhofnd 3B¢!| der
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2. 72Sly.nt hetic Peptides

Sebhbsembling peptides (SAPs) are synthetic«
Sshefear ming peptides, ndit me rad il yn aflor fmi mrgi [tlh
because of environment al triggers, such a
t he potenteidali nt os kbeel eusal [t1 3=Bildeepgievearti m
and treatment [01f39d,enlt4a0l] decay

Generailffyereanfst typteur esaot papgetdedheéeo pr
synthetic. HRoOnvegtsmpdétgggdhdthet i ¢ pepdhaets use
secondary strucdamnrpseopduace tthwiysted el ongat

[ 141This can be attained by strategically

peptides, pasmembli nwgi sed f rAdormee nsstiaobnlael tshtrreue
that are | inked byl 4n20memtviad eesn tmdotnldys e xi st
and disordered form in very diluted soluti

which are molecules capable of modifying

previous condition perseiséeduantoh elirf$acte
provide an external force that has the p
behaviour of the-apepmbtdgs prdobessebegins

concentration, when the changeatienr ftrheaen etnh
change in free energy due to bonding int
hierarchical structures, form ribbons whe
chasinde chain interacti(avisi.emTehreg ye Isatsotriecd eil

obj esato)ps two tapes from joining to form &

fibril creation is bigger thaassédmbkeéasThe
number of ribbons in a fibril i's dictatedo
penal tyateedsawi th untwisting and the increa:
from ribbon accumul ation. A minor angle of

| arge angl e produacrescraynsti alf.i nWhen sd astkab |l e
two fibrikaveahoi me&gwlah ef ipbr o paesrsteymbolfy sceal nf

be assisted by h yldirgoagredn baonndd i mgt, alel ectr o

transfer, van der Waal s attract-sobpascski mgdr
[ 143]



2. 7SAPs 1) P

A group of SAPs developed in LeetdbBughe t he
t he use of t he spexifprci mapeypt i sleq u eh
CHCOQQRFEWEFEfHQNHhiIi s particular peptide 1is
11 amino acids and is &a8ohor[m D,6.dISpAH]si & ha't
generally valuable trigger tool in relatioc
pH changes the shape of one specific pept
[ 28, . 1pB] di srupts the side chains of amin
negatively and positivkE4§gJAthangedbbhemi pol =&
side chains of ami no -Ca®OiHd N K(gtreorunpisn)a t ceadn whi
protonated or deprotonated. These side ¢
el ectrostati meliigmbspepe ngeesn and efficientl
free energy of aspeptateobopéderpépthee ch:
at physiological pH.

Piu al so reactsheémi cpaghhy seomwvi ronment al trig
hydrogel s at peptide concentrafldémpfR rangi
sehssembles at off. bel o wp aesqulhcpeo rat i snegl fhy dr o
a conceqtpanidemt] 1f4Acsihd ocnauses t las saatbil wat i
and then the disassemb[ Y4 & fi]lalcutsitvraatteedd biyn
6)Mor eoWVeurmi mi cs the enamel matrix - protei
di mensi onal matrix inside the sub[slu¥%Jace
TheiuPmatri x has a great talid8 mp drytpdrroard uaceel c i
ade novo hydroXxYlapatite
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2. 7.3 Uses1wf SAPs P

The useuwvafriles i n dif fseurcehnta ss pdeecnitailsittriye san
Prucan amend specific parameters, such as n
and biodegradati on. I't has a specific phy
that 1t wildl return to its original gel f

softened, amélkiasg bl & encapsul ating deliver
[ 150]JT hcelrseer act eri stics are approprciaant ebef or
used as scaffolds 1 n[ Irbelglenedaentvet mgdi ene
proteins, whisclkembodi mgselufpr amol ecul ar stru
organisation of hydRi8dsARpawwotr & cnysat albsp a
control the dep.osHutritohne #nignet mer &lapaci ty t
hydroxyapatite miner al de novo and has il
scaffold for harappliiscradeg eemerirageaevrmenng f or
tooth dechy¢¥30catMBE])Ilt52demonstrated visual
the aesthetics of carious | esions-ragd i mp
podgtreat ment of pr oxilnba3l,. cla®ss8 heauss tlhees icoampsa b i
to restore impaired crystal structures i

operating as an immobilizing scaf*aaldd for
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PQ®'ions (from the saliva), t he deonrsovsot i C
production of hydrlo5x9yllatp ahta st eb ecernyustt@asltsh & i e d
utilized to reg2d®er dt5166 4 iaredov er |, a rep
described the Dbié¢nedicomposisi @ grd@snitwinbeb ndi n
decay and an depthored gtérddmgt h

Researches mainlapratwicblb pcoendiefic basis

the daily 1ife. The popul ation behavioral
applying any new protocol as certain beha
For ex,oamel eonsi deration is the use of f 1l u
wi dely consumed agent by peopl e. Fl uori de
but some people may ingest smal.l guanti ti

tiough fluoridated wamemd)s &ahdorndel aupeon.
assi st I n enasmel onr e mnd e erad dieactea lowh,i ¢ h

subsequently reduces dtemd ali ddkecafy. ddhel ampif
fl uo-rNhadke and AR fgpeaeles dloomurhed restorative t

assessed in a trial and was not described
mi c-$®y 166herefor e, It iI's reasonable to p

restorative treat BAPts diamwd Hbaeneenott e | yp.e mo
effective than fluoride varnish when appl
review was carried out to assess the clini
flu
used alone or wi-¢thaddiumali deerhiomernaolni zati o
sults than[flleodqdqri de varnish

oride varnish in the man®WbemeSAPef weae

r e

Anot her major consideration for public us

0
studies haveiunosct esdaftehdtorPuse in patients
where there were no reported allergic rea
reported when wusing-i nter oeln6tl82 o0 mtOelhpr post
has

c

y

ac

been evaluated for bi ocomgalt7iOgahd t y
ording to |I SO 103093 nrote quwii wel emty, cRt o
an I mmunol odild 1lees pposnsiemportant to note t
per patient esvemiini mahe p@atddibeenitn g nag epsetpst i Pd
be degraded inbb amahb &or dfsl 70Mpreeowreat, ed

patiewhthsad been exijuchsaedd etxprRssed satisfac
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product, and denti sts usxmpigea s edtoanhap eldysii mg
a fissure seal ant [ D7 Bhg ntchoutihs dbrot & fsialf lei n

acceptable to use by the. dental team and t
Addi tional considerations to the use of $
availability, accessiwiis iayai laambdl eafdor dals

product: Curolox Technologies ([Cz24Bat hs A
the commercial p™Rdpats, Cunddoated for in
and the professiromell rCdmroodeoemdat | i ndi cated
bl eaching orthodontic treaimghtsancbpet punc
online (https://professional.vvardis. com/ |
units (equivalent to A230.46). Therefore,

affordabl e.

2. 8Research Question

Il n this study, one of the technologies di
the use of camposi wwaatntde srasmiozerd i nor gani c
(that mi mic the mechanical pracp eorntei ecsf otfh
possible tredthleht Wetaiomsto investigate
SAPssu®Ri |l be able to enhance the defective

i mprove the shear bond strength ofThecompo:
outcome of this new technology, if proven
affected teeth could help patients with t1l
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CHAPTER 3: RESEARCH Al MS, OBJE
HYPOTHESI S

3.1 Aim

To i nvestigdthe \valpettherat isncoot r iSPAPtsesP t o
i mprovement of she&romposdt et resgohati ons

enamel |l esions in teeth affectddMlidHdy)y mol ar
3.2 Objectives

1-To evaluate compositeofMlhid aaf fobeomtde dst e reanrge

compare it to sound enamel

2-To evaluate composite shear bond strengt
treat mentPiwi th SAP

3-To undetrkBéahdi |l ure mechaniesnm mat i me er €éatc
sound enamel , MIH affected enamel and MIH
P11,

3.3 Null Hypothesis

1. In vitro, the shear bondosntdreadn gtohnemfa nmeec
MIH teeth wi | | not be di fferent t han t he

restoration bonded to sound teeth.

2. The shear bond strendtomdefd ¢ o nog ol soimie én gr e
treat ment wihitrh MNIAH st et h  wi | | not be diff e
strength of composdée restormeavped MIH teece
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CHAPTER 4: MATERI ALS AND METHOD

4.1 Specimen Size Calculation
Speci men size <calculation was-bpsetionmed,

https:// www. stat.ubc.cabased!| ionn/ st hlieys/ prse v

published|[i1é8kParehfect size (5.67), t he
12.03, the delbseatedt poWwe80) land a significe
(b3et to 0.05). For the means of the two
was u[sleldé]wi th a comparable experi memnt al d
The web tool has determined that at | east
di stribute 25 per experi ment al group) ar

significant resul't

4. 2 Research Ethical Approval

Et hical approval tw®@engabhntRededrom Et hics
(DREC) of The Unjiredrgietnxeof22082d¢ SA/ 333 f
human sound and MIH teeth (first per maner
di scol ourédoimesSictbos) of De(ntthetfror miislsluwes tl
Appendi x A).

43Teeth selection

The tissue bankanasgead umesveurséied yt hat col | e
from appropriately consented patients of
bank, sample selection was conducted by t
dentistn bhsedlogibility criteria (inclus
t oot h sBaenipolree. i ncludinng hadgampglpeci fic cri
used These <criteria dsltad ulted dt hteh afti rtsh e ptee
mol ars, whether maarl |l Asywerf manded on Ml
presenting with hypomineralised | esions,
|l esi ons met a specific sizeheagubordenttr &)

which should hemmyCems equ drtalny, |l esi ons wi


https://www.stat.ubc.ca/~rollin/stats/ssize/n2.html

nn

height of 3mm were carefshlolwyFisgadi@ed thed f o

addition to the size criteria, the positi
considered. The | esion needed to be | ocat
buccal, mesi al , di st al, or l i ngual / pal at
showlldo awhiwti sheaamygel | ow, or Wwraawmndi acsc

i Il usitiriag Brle an.d TBeet h were excludeldadrom t
noMlI H | esion or were diagnoscantwietfelecany

Additionally, teeth with gr(exsamuarcadags | es
dent al probefahdeti whth restoration or rc
showing hypomineralise@rbptsiovasboealkeovwn
exclusively on the cusps or occlusal surf

Figure 7 represented inclusion cAatdepacbi one
is presented featuring the teeth affected by
during the process of tooth selection. The g
(appearing white) on the smooth Miuldf heet edi g
tooth with a green box, emphasizing a chosen
surface. Figure C showcases the selected | esi
a rule, revealinmgna size exceeding 1

44Acqui sition and Storage of Tissue

Teeth collected from the tisWMeécbmrpk Tr astS
Brenner Building,iweéhefl abel | €dedst hUKumbe
These numbertd eamsendor e denti fy the tooth ar

toothiicadimtomwmfughout the experi ment.

Teeth were storeww/,whithymsl poepPpated by mi

about 5 mL of ethanol, and then top up to



0.05% was wused as a disinfectant &@ned an e
teeth were cleaned from any remaining per
and blood usindd 7a/nd oot fbirusédd water to re

fungal and viral | oad] af¥8ler other storage
45Baseline Measurements

Sever al baseline records were carried out
three drigdpe.l |l ustrates s ndygi acdchrea b assuerhmanrei

measurement for grouping teeth.

25 sound

Photograph
the tooth

|

DIAGNOdent
pen Use Image J
Software

oA

pantone colour

Figure 8 Diagram shows the baseline Ame &s
teeth and Mol ar i ncisor t eet h t ot al nu
DI AGNOdent records of al | teet h. D: col «
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45. 1 Laser Fl.uorescence

To determine the mieneetrhal i méat g iody Ipasendtyheer a |
| esiaolaser FluobleAGNOQE®eRr R 2190K&Vd, Biber a
Ger mawmiyasit andard tool for calibration was
pin theaet htetodelsi on to give a reading. The
to P®We DI AGNOdent rsewhckeinnmgi memrcaleadensi ty de
in hypominer dllitT8ddeénbadmslcanning and sl igh

deviceds probe back and forth over the | e
and permit the identification offl18O0h]Eomax.i
each speci men, 5 dséfFectatl ponibnhe WwWeseéon
border, | ower bor déegsisamadalwnt einn 1 fail gowrfdee t h)e o
cover as much surface area as possible, a

=

ecorfdlke.aerage valueshowhApibenslpeci mens

Figure 9 represénome @ atsksecsksacairn i gpr e A, an
is presented capturing the DI AGNOdent Device.
illustrating the wutilization of the DI AGNOden
the I esion to obtain a readinfBigbtréeh€ pypoimda
up viewas#®rutmreescence emitted by the DI AGNOde

45. 2 I maging and Col our Quantificat.i

45. 2.1 Macrophotography | maging

Al l the MIH teeth were photographed in

photography department. The speci mens wer e
ratio of 1:2.5 wusing a Nikon D7500 Digita
Ni Kk KbdmmMacr o Lens and Sigma DG140 Ring FI



no

RS copy stand, with a fl| aAnkRiotue padl onamuah ¢

passwast used to calibrate the <colour and
bal ance. Camera settings were set at Aper:
| SO 100. These settings warranted a wide
el imination of colour casts fwemesaaml emt I

the memory card with folder name and numil
| etter and number Rhoo tboeg ri adpemht a o nFseedhdipetse r .
Al B) .

Fi gurree plrOe spemd tealg r a plhir isgedruepan i mage captures t
setup |l ocMeddcah &ahd DentUnli \ddlrlduesteafdis tBir, @ na

depiction is presented where a tooth and a ru
el evated by two elongated tubes concealed by
slab on which the tooth is situated

45. 2. 2 Col our analysis
The photographs of the specimage mproeedsir
package sadfet warr@&gij anamgdé& ed s2 oONO,HBet hesda,

Maryl and,[ 188WA) hin this software, areas
di scol owerraet iooanr ef ully selected to obtain t
values included the L mean value for | ight
l esi on, recorded directly from the photog

and b*, without ahyl semetsfic numeric


https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.xrite.com%2Fcategories%2Fcalibration-profiling%2Fcolorchecker-classic-family%2Fcolorchecker-passport-photo-2&data=05%7C01%7Cdnsmsa%40leeds.ac.uk%7C93f7de1c8cde4c61a9ca08da56be1cd4%7Cbdeaeda8c81d45ce863e5232a535b7cb%7C1%7C0%7C637917671797539947%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=7Ur%2F73MouoIwWwB0ZUq3QwqRw0mb8KO3Bj2YnyyPGEM%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.xrite.com%2Fcategories%2Fcalibration-profiling%2Fcolorchecker-classic-family%2Fcolorchecker-passport-photo-2&data=05%7C01%7Cdnsmsa%40leeds.ac.uk%7C93f7de1c8cde4c61a9ca08da56be1cd4%7Cbdeaeda8c81d45ce863e5232a535b7cb%7C1%7C0%7C637917671797539947%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=7Ur%2F73MouoIwWwB0ZUq3QwqRw0mb8KO3Bj2YnyyPGEM%3D&reserved=0

Once the LAB mean value was deter mined, i
(https:/ ]/ hexttihne-mdnwecomMiid eamtconver't it to a H

HEX number, which represents a system that
to be precisely defined and wused in digi
Mi crosoft Woerds iExmr d2hded 2), it was displayed
data collection sheet, il | usdtirsactoilnogu r&ahtei osnf
SshownApiprenkli XThe det ai | ecdo| satumeaplsy safs tphreoc e s ¢
il lustrate@, imhi App@&8ndand C.

46Experiment Grouping

Baseline measurements were used to strati
(n=25 in each group). Firstly, DI AGNOdent
mi neralization of the dent al enamel of 25
sound teeth ()soweirde einmm&toup (SE), whil e
(hypomineralised enamel ) required furthe
di stribution between Groups (MIH) and Grou
groups had 25 teeth with sitmhe aged ®@rsd olma se&
measur ement was conducted based on the s
colour (Dar ker s ha)d&ennaenrdalldiygnotr er selvaede t h
the darker its col our. The codeduri ndgoa dtewso
groups: the Mild/ Moderate severity group,
yell ow shades, and thee&ebgerbkbrgwopuphadéasr

MIHroup aMIdHXglreoup had an equal di stribut
t he Mi | d/ Moder ategoanmnes Sever eascats t he ¢«
repeatatbithege col our shades, they were d
di f feeirmens tawos adki ng i nto account the subjec
percepthiedmw chart IiIF$ gidlrleustrated i n


https://hextoral.com/lab-to-hex-conversion/

KT\
E [n:75 Specl
(@]
c
L
[Sound 2'5(] [MIH TeSé)t]
4 \ . \
- Baseline F Baseline Recor
o 1) DI AGNO 1) DI AGNOdent
—_ 2) Photograph
- J
«© A\
© Subcategory MIH t
° their severitgl ba
_ shade evenl graampc
< J
[ GrouanES] [Group(nI\A:IZI—E][ Group ((\nI=I—245'I)]
N—
‘ Etching witchedcwdth 37% pHosphor’
‘; I Applicat
) Curod¥vn
(S Repair
g Bonding with Optibond and Composi]
= St orepdhadsnp-bhaf esakadne i ncub&Lf @ed 4dt d&X/]
Shear Bond StnehghhlEyWgetviemg al TeQUWMQan&]
[EI i mi sptee i heapvst o pr et(ecsotnepdo sfiatiel uweer e debon.e]
|
[ GrOUanE4ﬂ [Groyp(nM:IZI—Q] [ Group (MI=I—2-|5'I)]
(%]
'5
>
©
E Further analysis for tyg
ol Mi €T n=5 each group
S SEMNnEDX n= 3 each gro
— Figadlehe fl ow chart of the research
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46. 1 Contr ol Groups

-Group of Sound Enamel (SE): a positive col

bonded to composite restoration.

-Group of untreated MIH enamel (MI,Bpcha nec¢

one with hypomineralised enamel bonded to

46. 2 Preat ment Group

-Group of MIH ess@AMRelt rwiat meRt (MIH+T): a t|
25 speci mens: hypomi-neeat ehedvntdhdmoeldedr & c

composite restorations.

4.7 Preparation of Enamel Speci mens
4, 7Cult t i ntge etthhe.

Each tooth root was identt ¢ i eahsesvii tdlre na infu nohe
oftf he crown surface during the cutting pro
compound i mphessmbphasti-<toi npprroevsisdeont he t o
support before placing it on theseceunt tiinng
Figurf) 1was used Bbekcaw theneaemént uncti on
detach them f rlbsm ntghea cO.o3wnmmooheadk di savaod e ¢
coatedwhkeatdet he Strukl sclcicet ofmDenmar k) a
3000 rpm, the distaneoe ff rawohne etlh & od itaneo nsdp ecc
was measured and set on the Ascpcewti.omelnda s p |
feed rate was O0.15 mm per second. The sp
speci,mevi th only thdidil sutsdn gdl eM)Srewitn go.ned

roots were discarded as hazardous waste.
sectioned intoampeamrdmelt os ppeaa@idnerm wiitamet er

hypomineralslsewriFl igi 2Bs/nC)(.



Figure 12 rep
and set up du
i mpression an

sepmo ees $§ Aefk iAgnameecthiimg B/ C: t
ng the cytttoiond 1 onptedanmd iaar d\
secured in the spbpecimen hol «

4. 7TRe2sin Bl ock Preparation

The sectioned crowar evgaaisn mBlumgl dd @i asti c

doubliadded -eqpen moul d (di ameter: 33 mm, h e
speci men was placed in a agyduwmasrse srhawl d ss wp
with Vaseline as andepadrn &tdont omda chieum,or ner

mould to ease the separcCdeibont wb saemydneaend
res(el ar oCdttruer s, Bal)lwer emp,xe®denfnoa rlkowi ng
manuf arctsmseructi on, weighting the powder .
get a rati o pBwdlere: ploiwgduewd raenfd e i yut d a wo
stick ifroorrmaarceautpal f mi nsl ouwnrtliels sa hooanaot ghe nneoo u s
Vi
p o
cr

i ble streaks a&amdaniilmiux @d coegi & ntehnecny ac 't
red in the ring, until the resin is se
ating a supported fl at enamel surface

S e

S
u
e

groumanuadsliyasgl i conpazp@medtdi@fned 00 gr it )for 2
guenttaoa at ¢ ywove excess resin and to produ
n

bondfsngeps i | IFusgturnadthekd® siinn bl ocks can be i
l etter and a number as a reference record
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.

i
)

Figua®er esented the resin block steps and proce
in the mould the | esion faced downward B: Pot
bl ock with I esion of the tooth exposed.

4. 7TRe3si n ComposiPRreo cBeodnudrien g

After preparation of the enamel speci men,
on ehamel swyifdagsepe nstihmg tiisp securelhybattac
of syhreringe20 svacsbwidsh di stfiolrl e3d waeticeoryp d s

air water spray usiagdt ai pl dr waSgA Pésp rwedr§ee s €
applied ondtyeanmeme prexpl!| @vinégidd )idh secti or
For all the groups, Optibond 8S8ogenway appl
dried for 10 seconds. Following that, a cl
mm was placed over atntldeenadamglhts cufr&de f or

that the cywombéi aeadat atbhbe to the tooth s

produce resin composite cylinders elkkonded
Supreme Universal (3M Or al Car e) waas use
whereby each in@roédmenetri isedpioro40 seconds

with 1200 rmWMdcimmnce. Using a sharp | ancet
carefully removed, |l eaving a bonded resin
the enamel. Application techniqgues and bo
(Fi gadaend TH.bI e
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4. 7Application wo4f the SAP P

The CurMrdeopnair i s a -@emmenbdii alg 1 pteipdtti dies P
suppli netide efzar m. Ehahb Boxts. Foll owing t he
instruction forCredentpirepAbGlae iSdwi swas st ep
rehydratuspopnr2g00Oa p2i0Opette wiahd50hmbgaittowaat er
smal | plastic centrifuge tube ewaspepead wi:
extracted by graduated syringes made of

ranging in size from l1lmlwatsanjGmiea ahd uhet
t hpepti de (powder form), which features a ¢
insert the syringe into the receptacle and
for subsequent reabsorption by the syringe
andaited for 5 tmheudgepl ipcgatoiron oof t he bonc

the completion @ff oclkssaci d etching



Method

Group (SE)
N:25

Group (MIH)
N:25

Group (MIH+T)
N:25

Cutting process

pn

Resin block
preparation

Step 2

HEhy pomi neernaa mesh®laAp pl i cati on.

FigdadRepresentation of application tec
Groups Enamel Step 1 Step 2 Step 3 Step 4 Step 5
Group SE |Etching: 20s N/A Application Composite All specimens
(SE) acid -etched of restoration is were tested for
Group HE with 37% N/A Optibond: placed on the shear Bond
(MIH) phosphoric 10 s air dry| etched and Strength
Group HE |acid gel, 30s| SAPs (P;1.4) [with a 3-in-{ bonded lesion of | Testing by
(MIH+T) wash with preparation: 1 syringe the tooth. Any Universal
water and this step then excess composite Testing
30s dry with| contains adding | lightcured | will be removed Machine
a 3-in-1 |50 ml of water to| for40 s using a right- (Instron)
syringe the powder and | using a |angled probe, 40s
agitate them and|  light light
use the syringe | emitting polymerisation
to add drop for diode occlusally of the
each specimen. |(LED) light tooth.
Curodont™  |curing unit.
repair is used.
Tab2sehows the application techrBiEGoemdamklIbondi
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4. 7SSp5eci mensd storage before testing

The specimens were -pubtedednsaphioseh@PBS)

i ncuba3t7a@ oat 24 hooosdpngdbésbpwngg the | SC
recommendatwhwemnadle st MagheillUT)Mas then used to
the shear bond strength.

4. 8Macro Shear Bond Strength testini

Theaamr o shear bond strength ofaatobr diesg edc
the | SO recommeWwWdathowmatBDABddar di sed proc
assess the adhesive bond strength between
restofd8i2¢An uni ver sal shear bond strength
336 MA, YSEModel -42630Serial 500N, 361d83 1 SO7!
Class 0.5, certificateqdppwid&dh8 2a0 921.23282 1mMmM 0O

senmntii rcul aredngoet cstheedar crosshead (Ultradent,

4. 8Specimen Loading in the Machine

The | oading of eadT Megpse cu maeaaer tommk eetnhei n sev
First, each specimen was extracted from tt
container. The bonded tooth section was t

bonding surface faced the front toffom hwadbdas

aligned vertically to the clamp. UWMe base
underneath its crosshead. The notch of th
composite button against the tooth. The cr

it barely touched (thkbeusomaoébiltte ntbred Yloende t |
tooth surface while the rear gemtit festfTaést

was conducted with a crosshead speed of 1.



Figubhe The diagram shows side profile t

tooth in the c¢clamp base and the direct
compodebending B: photograph of the -deb«
not cchkege shear crosshead (Ultradent, Uus,

4. 8M2asuring the Force

The jigQgTMmst deg spl aced relative to each to
mm/ min until the maxi mum force, or | oad
(composite restoration) broke. The force \
program, which pr esaengtrsa pthh ea nfdoricne awittahbilne
values (Table 3). The maxi mum force was |
sudden drop from a rising | i @&e oanndt htehigsr av
the value used to calculate thguSBSbehyrae
failure by the bonding surface area. Each
Excel-cdhtacti Agp esdGpiext . (



po

0.18
[ A
= 0.16 4
.1 [
E 0_14:
h 0.12
E ool
£ o.0af rrsesee i e
E
o 0_02:
0.00 -
] 10 20 30
Compressive strain (Extension) [%]
Maximum Load uTs Load at Break (Standard)
[N] [MPa]
1 9.89 0.16489 2.61
COITlDI'eSSI ve extension CDI’\'\DFESSI\’E extension
at Break (Standard) at Maximum Load
[mm] [mm]
1 1.64 1.50887
Fi gugdkepicted a | ine graph that illustrated t
N) applied to the speci men. Point A indicat
withstand befderbe fobodnopkoes)i,t eas shown by the drop
speci menkeTadl ederi ved from the Bl ueHi | | Pr

measurements (N) denot sedebiimgnteheen MIiH cglreosu pf.or

4. 8Cal culating Shear Bond Strength |

The f or mul a used to cal cul at e t he shear

bonding area used [iInB2t]he experi ment is
G E/ Ab: O(nhserset ress (MPa), F is fofhce (N),
The SBS was calcul ated within Excel by

corresponding to the formunleaedth keed4e , mwi t h

4. 9 Further analysis

The Dat a Isehceteitoncowas recorded with the va
Shear Bond Strength (MPa) of each speci mel
Specimens from each group were randomly se
containeknwwithgout heir DI.AGN®@d éehreddsu eve d SB 6
reduce t he Aniaslky socfa rBhidaassd. out using Microto
CT sc,ansndr epmesemtaatieaSowant Hloectron Micr
(SEM) , and Ener gryayDi|sEpDENR®isV e Xolfohk&se
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specimens were minimised in size and resh
able to be fixed into itlhleu sGQHpagteedd) 5M mac hi

4. 9.Mi crotomography

Mi cc€D i s -ianvnaosn Vv e, wimdgli wgusead hni que that
assesshe tooth minenrdalr edcetnlsyi tays sheyssi hgg t he
cacreate 3D images and can measure the mirt
without t he need t o use d sli8r&d v d e setnrauncet! i
specimens from each group (SE), ( MI H) , an
for +@iTcrsamanning of mineral density wusing

Software Version=3.0.0.

4. 9Stabhning and Reconstructions

For each speci me Hydtoxy apatde starmlards nveral included
which represent the 3 identified different densities as the following 0.25 g/cm?
which correspond to low mineral density, 0.75 g/cm® as medium mineral density,
and high mineral density with 2.9 g/cm?. The rod was placed on the resin block
next to the tooth and ensured that it was stable and in the same place during the
scanning. The position of the lesion was checked visually so it can be identified
easily in the analysis. The resin block was placed in the CT holder and then
loaded in the machine chamber and tightened gently and door of the machine

was closed carefully.

While the specimen was trheeadfyolfloarwisigga npa rn
Source Current (uA)=174, source Voltage wa
( ms) = 247, Filter=Copper ( Cu) 0. 25 mm, F

purpos&san duration time was 38 min 43 sec
specimen was recorded and saved in the fi

Sspecimen and group.

Once the specimen had beés s$sbtbanmedonsheun

t he I magienvaihsehhg t he NeoScampemr a hrram@me etdo
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of the specimen. pFopmaft htelme , i mavge ywas r ec

into a 8D wvol um

49 . 1Da2t a Vi ewer and | mage J Fuji

The first step was to upload the stack reconstructed image to the Data Viewer to
be able to access the 3D view of the images. The adjustment in the orientation
of each view was made to view the lesion in the right plane. The 3 views sagittal,
coronal, and trans-axial were saved, and Image sequences were imported in
Image J Fuji. Calibration of the Image was the first set for analysis the mean
grayscale value, 15 circles of the standard rod were measured in order to
calibrate with the known densities (lighter to darker radiolucency) 0.25, 0.75, 2.9
g/cm? respectively. After this step, the image scale setting was standardised for
all the images to be able to measure the length of the selected area knowing that

Image Pixel Size (um) = 9.

The surface of the tooth (area of the lesion after the de-boning test) was selected
with free hand shape tool and the sub-lesion area was selected with multiple
round selection tool in a dotted line. Saving the position of these selected areas
as regions of interest (ROI) so their mean mineral density could be measured
(g/cm3). The mineral density of the whole scanned tooth was represented with a
heat colour map (where each specific colour represents a specific mineral

density for better visual presentation) (demonstrated in Figure 19 and Figure 20).

49 .22canning Electron Microscopy

Scanning Electron Microscopy (SEM) was used to assess the type of failure and
gualitatively det er miatihe restonagon-enamel interface
of sound enamel and hypomineralised enamel. The type of failure and
assessment of the deboned surfaces were classified as follows:

1. Adhesive failure

2. Cohesive failure in enamel or in the adhesive

ana

( SEM

mec har
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3. Mixed failure (partial cohesive and partial adhesive failures)

Specimens were gold-coated in an Agar Auto sputter coater before examination,
and the probe current was 50 (the size of the beam is 50). This study used a
Hitachi S-3400N SEM fitted with a tungsten electron source and secondary
electron detector. This instrument was operated at an acceleration voltage of
10kV in a high vacuum at a nominal working distance of 10mm. Specimens were

placed on 10 mm diameter pinned stubs with conductive tape.

4. 9En3er gy Di s-Raysi ve X

Ener gy Di sRoaeyr s(iBvDeX )Xuan algy Birsuker XFl ashE 6
wae mpl oiyredconjwincht iSoEeM t belasmerstsa l composi
a tooth and tkest Go atpmissnttadaes eel ement al comp
was Calcium ( Ca)ass HRhhoesyp haartee t(@8htdh Sciol mpcoan e(n

as composite ressoration component

During EDX analysis, the tooth speci menés
beam with e@éregy ofhel@®nerrgayy &§ reom tttheed Xb a c |
this action wWas4|hMeaslheamwm was moved acr oss

the i mage of the el emenit&b5ndi mhireceadh wapge (
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CHAPTER b5: RESULTS

This reseadtcelstitmwyoalavef 7d&i wsipeead memtsagr oups
(SE) , ( MMHH+x®RBf or each group. Each spec
baseline miaesasts-vwatimgs DI AGN@dhemt t he col o
was assessed to cl assi{fuysitnhge psheovt eorgirtayp hoyf awm
JFour specimens have been exahbee&B&fter

t est(itrhgge composi tdebopeasitdorbartakoen from the t
placing the sp@TNMm@aems nientf @rt laetpelsytiTrimgg )t h e

macsbear bond strength (SB$hmawakodateubdialk
in section (4. 9cadl)culdaee dSgBsSuvetrass t abul at ed
Mi crosoft iEfkwecttreapmeagpe stpatciivnens twed ef s@mec
each group to assess the mineral d€hsity
SEMind BDXAI| ysi sst &tuirdthiecdal analysis was <co
softwarsed8aet ermh@®BRSssgni f POB)e of t he SE
bet weetnhrgdrebpups.

5.1Specimen size in the study

total of 75 specimens were tested in thi
alculation of 80% with POO0.05 being stat.i
reviously published study. Based on that,
f (nwea2s5 ) required for each group. Due to
ebonding of the composite restoration oc
pplied, 4 specimens were eliminated (one
peci mens from Group (MIH)), resul ting i n
peci mens in Group ( MIGt)o gaphldH+2T5) .speci mens
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5. 2Baseline Records

5. 2D1 AGNOdent sReading

The Median value for the DI AGNOdent readi
interquartile range (I QR): 2, Group (Ml H)
( MI H+T) was 98 and | QR: 11. Af ter checkin
val d®s al lnogrmadpgds y( t eBab4)d | wbs tvhad tueed <pOn 0 5,
and themsemotenormally distributed. Mann Wl
theveapl ue = 0.028, indicating a significant
Group (KMBok+Tgdgnd whskkwmanige ®¢cr i pti ve anal y:
Mann Whitney test bet ween MIHi mmakdbavl T+ T
OQutliershe ®bikspla@@i gul7)ewouhadt i mpact the o
outcomel, A@G8Odent assessmesi deasdobhbyensur e
di stribution betagreouphe experi ment

Groups

Shapwirlofj Group (| Group (| Group (N
Statis 0922 0929 0727
Degree 25 25 25
Freedo

Sig. 0. 056 <0. 091 <0. 091
Nor mal i Nor mal Not Nor Not Nor
Di strib

Tabdreepr eseas s ndrbrba It iDll YAGIN®@M e nt b & tevaal étmhgrt enee
gr oUPE( MI H) and*SiMInH+#T cant0OP value <
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%60
©
5
§40
.
(=]
Group (SE) Group (MIH) Group (MIH+T)
Group
Fi ganBeox and whisker plot compaoimg the el GNQ
( SEMIH) and. ( VhidkAGNOdent seaddnegnAaHEjel pradup
Iowealutehsan fbyog domi ner al iisredb eetnraemgt oups ( Ml H)
( MI B+
Groups
Group Group H)| Gr o H+7] Tot a

N 25 25 25 75

Me amf 3. 84 90. 7 4 94. 47
DI AGNOd

readin

SD 1.70 57 5. 35

Medi an 3.60 87 .8 98

Il nterqu 2 11 11

range

ManWhi tney test between group (WM
Asynpi:. 028*

Tab3Descriptive and stheaet iDd tAiGiNaa admegdsoghs iosl po f
and MWmint ney test between grou*i gMI H) cantd Br o
<. 05
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5.2C»?l our Quantification of MIH teef

A total of @0 sEldgpdmisnerms. 1We rwe ried ecnatn sfii de
Asevereodo, as they had dar ker ms hndoddéesr, a taenod
in severity, as t hey had l i ghter shades
conversion website tool (sectmiomdde 5atle 2)

teeth were evenly distributedmiilmdhkibe rGatoal)p |
and Group (MIH+T) m( inoslev)ameerxaanndi nleér r el i al
was evaluated for the caltke/gMaderadatieo namnd 3
with reassessmantdiddcauremeirngdday i nitial ca
Cohenbés kappa test was coanrdautcetre dr etloi arba d s u
tooth <categorization,k=rlRsW.l,G0Inrgd isdna toanrgy a |
agr eenfemrt categorisation of the thw@omine

assessments

5.3Shear Bond o%ttrcemgtsh

The average SBS was calcul at ed.drooru pe a(cShE )o f
had the meaaetBSmetan.84/H52. 9) , foll owed by (Gr
wi timhean @&3n 544/ 4) an@Gr d6upa( MyH) wmetahn t he
SBE mednt/0. B)he descriptive ainlall ystinrsaltadod 8BS
6anBox and wh(Fsgeneph®dari ng the SBS of t he
(SE), (MIHY) and ( MI H



Groups
Group Group (| Group (M
N 24 22 25
Medi an 11. 7 1.59 4 . 44
I QR 6. 4 1.1 2.1
Mean (N 15. 8 17 4.50
Std. De 12. 8 0. 81 1. 45

Tabbreepr esedid scrtihpti ve @madrysBenaodf St Mgt h Val
groups (SE), Group (MIH) and Group (MIH+T).

60.0

40.0

20.0
. < —

Group (SE) Group (MIH) Group (MIH+T)

Shear Bond Test values

groups

Fi gu8BRox and whisker plot compar iThhge tSHhBS ShBaSs o
i mproved after addi ng i §AWSH +gtroo wcpdIimip arteecet h o
hypomineralised enamel withbubhougkbahmentasi hi §
SBS of Sound.Enamel (SE)

The |l ocality, spread, and skamwmreessse motfe d hien
the box anpd owhmasT#dheea n o f Gr oupMP@BIEt) h itshell
interquartile ranges (1 QR) of MP.awi t lGr oup
interquartile range (1 QR) ofs 48MPdgwi Ghoup
interquartile Aapggdi hgQButsesi d2. 1these rang:
Figundicated that outliers in Group (SE) ¢

(mostly requiring higher force and SBS), |

sound teet h, and coul d have contributed
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r qluess toiulte.i er s are presented wit-hin gr
rent in Group (MIH+T).

outcome data was testedWiflkr trecsrtmalwh
cated that Group (SE)-vwd 0e0&Ep weovemal | vy

ps ( MI H) and ( MI H+T) wersd mdr nmad rl ma l
e s efhatbdde i HenkKeuskbak Wal-parsametsti ¢ ntoenst
to compare betwkrieah tdenf3i rgmeawptsh a't
i ficant di ffereneveal het<Badrs ktal{e Wat o u g s
stTalh®a Frurther more, anpatewi sevasomp &
ucti ngWhihteneMantnest to compare Group (€

p (SE) vs MaoWhpi (twag$H+rTepreBaeb®edTha

wi se comparison sahsawend ftiltatntt e d ewa s

(SE) vs (MIH), ah¥®&) HYy s visMihtd+ Byo,hY erroni cor
was utseedj ubpval ue for pairwise compalrues on,
was O0.0167.
Groups

Shapwirlg Group Group (| GrogMIl HH+

Statis 0.606 0.925 0.969

Degr ee 24 22 25

Freedo

Sig. <0. 0¢( 0.09 0.62

Nor mal Not NoI Nor mj Nor ma

Di strik

TabTreepr es
Gr ou(pSE) (

eessstbke Normality for She
M{ Mt Ha8idgni ficant P value



Groups

Group (| Group (|Grog Ml H-
Medi an ( 11. 73 1.59 4 . 44
Il nterquar 6. 4 1.1 2.1
Kruskal W 60. 09
p-val ue <0. 001*

Tab8reepresent t he stKatuissktailc aNaldrn asl yt ®ises dfor SBS
groups (SE), (Mligh)i,fi(cManb+TH .val ue <. 0

Groups

Group (3 Group (§Group (M
Group (| Group (NGroup (N

ManWhi tn 5. 08 5.92 5. 54
tesst ari
P-vVal ue <0. 001 <0. 001 <0. 001

Tab9 erepresents t he hhhatnWhtiitmely armslty Bied
(SE) Vs Group (MIH) and Qfr&upgn{SEraws 6r

5.4Further Analysi s
5.4Microtomography

Xorayiceomputer twmeguamglgrttoimiyn etrhael densit
five speci mens Genoemlesddloyfe egair ahpe. t hree gr ouy
value mineral delhsanhg twhe hi ghldet wean &l

t he speci mens. Sound teeth had gener all
hypomineralised |l esions in the MIH teeth,
The mean miner al density i,wis$dumd vtaé eiteh ow

g/ ém while the mean for 3MIIth tGreotuhp wWaSsE)2 . Ot 4
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density of sound teeth 3r amhgielde firto nwa2s. 2s it noi
the other two groups of MInH:Grboeutpwe(eMl Hl).,6 a
to 2.5 m/G@Gmoup (@It TAppentdirhkerse no rel at.i
bet weeB&S hei ner al demdiatiyl uorre type

Groups
Group Group (M Group (WM
N 5 5 5
Mean of M 2. 58 2.04 2.04
Densitdy ¢
Tabl@!| |l ustraaesvaheem of mineral density of f

the twghmoneemamel eswamfdacsubsurfaceafmeasdrhed S8BrSe a)
testing.

To enhance the vi-GT arhii zar aviarndusaisssigteac i one n

i mages, a colour scale was employed to dep
The mean mianeurealofeanc i gryeomrpe s(eTha elde iwa s

correlated with the whiabkbsi i husheatetdoun ¢
Fi gu9and&i gRr0e For exampl e, bl ue represent
density value of 2.58 g/ cm3 for sound en:
g/ cm3 for bkeydoemamelal i The speci mens wer e

ensure they represented thdaiguemkdl landp edi

were specifically selected to illustrate
t he mean mineral density values.
Aminer al density distribution i n a sound

represehitedd gtrmhe nlTcrsacan i mage of a sound
in axi al Vi ew, col oured wigteheddedt r mhpt soca
mi ner al density within the dent al ti ssue.

sur fvalciec hcamposi te area thaftb&86heenstbngk

and the blluuehscwsatlee Ami nerbhéessemsPagk ©f t
Bl ue crod pruesent ed mi n 2 r9 | ¢) cEanmgsuiltey st Aod

maxised area of tihe birgeepreeqsteanrtei ng t he | esi ¢
mi ner al density(mebtrepkaetddt &y harsiegldercet ed
itdéds obvious that the enameldehiorfad eaf(twdrer



cp

SBS Yebas higher mineral density when conm

which indicating stronger dental tissue.

: <
Subsurface Selected dots

Figugiel |l ustrat-€s SphecMmepbpood .t bet h

Howe vkirg 2rOpr esent s-Ca& w®stanoi mage ofeda thypgdmi n
speci men in aningxitale wvriewver asshownsi ty distri bu
a speci merfMIfHyooupbledbheatd map scale vividly di:
density within the dent al tBilesghb!l i ghes bhueagi
a

rea, shoevname ltrfeace after t he -§$8ISe chteasdch i n

represtimeé i migner al densitfyr om @r dé entdo ol c® | owa
toi mer al densities ranging from 2.1 g/ cmj t C
remnant s of composite restoraiigmi ayiengvikbeé bt
composite )rmeasrtkordatbynred to yellow colours, i
from 1.3 g/ cm$i mioli alre ®alg/ deenpasrietly cdfoser . t o t he
Fi gu2iel IBustrates theusunktaaé¢ dee@a) twi ohi mixed
hues indicating ataded/sd&my of 2.1 g/ cmj

Overall ,20cliegaurrley shows t hsetd tehnea mey p osnuirnfearcael i a
composite restoration exhibit a | ower mineral

depicted 9n Figure 1



Surface Selected dots

Composite
I restoration
left after
shear test.

B3l ALY &%
Subsurface Selected dots

Figea@bel lustrat-€d ShecMmenoof MIH toot h.
5. 45c2zan el ectron Microscope and Ener

The type of fail uraScwansniansgs eEslseecd ruosni nMji ¢ r o
and Energy Dispersive Xray (EDXeg samadiyme 155
were viewed td hes ded nwehde rl @ c aan d nh ehmcse otchee
type of failure; with the EDX analysis, tt
assessed (Calcium, Phosphate and Silica e
types of f Aidlheme yarwhoaocdhur s bet ween t wo

mat erds uad leb,eatswe en e naadiee siavnedr (behdeeano compo:

-

estoration andPadkexsiones(,lbeonnd tihleuroet her

happens within a single material, meani n
enamel or within thei xedp dsnivioel rvreeess tao rcaotmbaoi n
of both types, where both the adhesive bon
or composite oepsthoyatmfixmpuemielons oryepad of
faid.VArdéh e s(ibveen d) and cohesive in enamel 0
cohesive in Coimpm)site restorat

Nine specimens in total were randomly sel

EDXT.hree specimens from each Group (SE), G
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genertawd yspeci mens had pure composite coh:

mi xedilure.
Il n Group (SE), an analysis of the three ¢
found mwixtel failure, involving both adhes

composite. One example of this2ihi Xbd fhiltd
speci men, however, di spl ayed pure cohesiyv
was confirmed by the presence of the el em
which indicated that the bonded area was

mat erhiad .pure cohesiavteedf aim 2Frieguirse i | l ustr

V1T MAG 500 HV- 10aV WD~ 105 ey

Fi gniel | usasrpetcdanfensound tooth in Group (SE) s«
testlimgscdmeAyell owpcesehes the( Bb@ddi nwhi ahee
composi t ewackyd n chddae)r sBstame red cdmredewed otntpensi t e
restoration (C.R) Ileft on the rsaatfidmea.di Ny @c a
wi XBO0O0O (maghef )schaocwionng t he 2 dt Htdoeortehn t¢ ssaumaflida c
(S. &ndhe adkleompwesi(t e (r&sR)o)r sdtrmaemr esent , swhtiltceh E|
showedeltehmeent s of.:gtbkbenswuepaesented Si: Silica
restoration), R:n@GmhoscmHhati@whi( ¢ldbddurtee) component s
enamdln) .t his ,thpe¢mympr of f adial (maddiesi mexadd co
composite restoration).
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igadd | ustrat ect lassosupnedc ithoecoat GEBUpscanned with
S testinAg..Thlen yseclanow circle r e(@B.eAt:e thsi cthh et
mpositewaPbndeaedd he Unbonded enamel area (
rroundi hagtemamelbonadmplo.¢ iot éBbtemed rcei rcl e i s t
owteldeomposite ¢ €sIRpfrtat o o ntchoevi erstigheein a one | (enam
d)n. sCccamnot her s¢ abeoreda m@ae awiitnh hi gher magni
e enamel tooth) covered byl cosgmp®drsi ¢pr eeshd
X which shows the elements of the surface (
storation), P: Chahosphatem(n(ddue)afdomponent
e type of failure is pure cohesive (cohesiwv

f
l
|
1
1

4-"m~-ownwownm
.

SO QUTO TS oW

Il n Grou,onEeMlisitpl)eci menc hlnesisvoempoei t e (il |l ust
Figealde while the other two spMcxmedns uhave
obonef gdsmeci menshdwmr Qidre



Fi g2rdiel l ustspateména hypomineralised enamel i n C
SEM after SIBscdrlshhei nygel | ow circle rep(rBR.gd&tt s
whi chcotmpeosi te wbhgonideddghnd. E i s the undwmrdeog & n a
t he bondl ngsBataleea r ed ci r(cl1 &Bhioswtetde@em@mo €iat e r est
(C.IRgft on tlhre sCQuardaamd.her s ctareoend i ardelad Wwidm h
higher magni fi ¢hei oennasiledwi(ntgoot h) covered by
(adhescaBnepresent swhtitteh BEbhXewednetnhes of t he sur
Si : Saiclompao n(fent of composite restoration), P:
(components of t hehedetntmd ®fnamal Jure i s pur e
restoration.



Figadd | usat rsgpteessif mehry pomi ner ali sed enamel in Gr
after SBBntefsianingd. | ow circl ébomap mes afrteeka W hBie cAh
compositewayomnadddy . sBEahe bondehllcewirheea hypomi ner
enameH.e&Exposaéder the shehn $&®audantoetshteirn gs. ctahnen ed
bonding area with highehymaognhnetdamantsidld ooh dwi m
composite rest o6Baaibroenp r(easdehnetssv vtiel) & wis b Xetl ekeme nt s
the surfaceSi(tgrSddrn)ca (a component of composit
Cacalcium (blue) (componenthe dfypehefddmtidlur E

(adhesive and cohesive in composite).

Il n Group (MIH+T), all three specimens exhi
speci mens, the failures were a combinatio
composite and adhesive failure. This mixt
surfawescot othe speci mens, which showed bl
the presence of Calcium (Ca), Phosphorous
depicted Bn TFhegutrkir2d speci men al so showe
included adhesi vetifnacitl upruer ea ncdo htewsoi vdei sf ai | u
composite and the other within6the enamel |,



Fi g@fiel lustrateofdgppencinmeml i sed enamel in Gr
with SEM afteélinmnfBShme Ayel |l ow circle repBeApnt
at which the cwamposnidedic Wl Envédi ch area of sur
nokonded to complons isBetamey riendd zarrecdh ewe & otmped si t e
restoration e( G.uR)f alceef tehnomoaemkhmees a éar{eHs €Edh sC:a n
another scanndednadi @eg @amea with higher magnif
(tooth) and compadhéeginy elkaoglagament s of t die: surt
Si |l ilaccaoomponent of composite restoration), P:
(components of the dental enamieiuly e Theheégipe
cohesive in composite).



Fi g®6iel lausssrs pecoifameynpomi ner al i sed enamel in Gr
with SEM aftelrn SsBckahrne eM:el hgw circl e repB.ed&tent s
which the compositlen cyBlamaeer edoaodeds)ho wesd tthhee
composite restoratibn &Q:&hbhanoont htehre sscuahitreecdbi)amge
area with higher magnificatiohyeohewieng btyh e oeni
restoration n( as@&haenpir edslaet &SMhX ch s hoeweednetnhes of
surface,S(igr esaialdintcpoonfent of composite restorati
cal cfbume) (components of the dent al emnamele) .
(adhesicvoeheasnidve in compesveeiandnamel ) .
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CHAPTER 6: DI SCUSSI| ON

6.1 I ntroduction

Mol ar l nci sor Hypomineralisation ( MIH) IS
defect that affects the first permanent m
by reduced mineralisation and | p%é&yr. mMB&GET
Restorative dahtecteg feet Ml plres ¢ Bdmsd mul t i
the condition also has i mp(ldsxmdadioanlsl yf oirn ac
t eetph) bonding failure, tooth sensitivity,

patients and Ttoheaidrdrfeami Itiheess.e i ssues, It

targeted interventions that consider both
affected .iShndidvieduadlasxre shown mixed results
and/ or 37% phospthroeatafMlectdt edotpeeh to i mp]
However, a single material that can i mpr o)
for managi ng MI Hb Ibees ifoonusn dh a sMaycedti dtisng@tt @l B
use oAsSembling Peptides (SAPs) as innova
Shear Bond Strength (SBS) have offered e
modi fi catdemttiontseg it BT6hje obj ecti ves of this 1
assess whether the applicati omudob &aheommet
untreatabl e, hypomineralised teeth would

composite restoration in MIH affected tee
of 25 MIH teeth post SAPs application c¢com
teeth ymkelbdbtde insights into the potentia
clinical dentistry for patients with MIH.
Considering that there is currently no ¢
devel opment in children, or treat ment t O
application of SAPs which is already wi de¢
dent al clinic, vneay abpepcroonraec ha mMHowever, mo r
should be made before recommending its uUsSE€E
provi des an overview of key findings,

i mplications, and potenti al future directi



62Study Design

An in vitro experiment wasthdeadi dmed ntvesh e
whet her the application of SAPsanwawalkd enh

carriadiagrti gorous and systematic approach

The-vimnro study design al t¢towedbtnewe®m ee cwitr o
on thedassmmeéteodinder the same condi twiasn, an
appl itelde ttooot h speci mens, to assess the s
forRandomi zati on was not applied in this
introduced an el ement of selection bias, i
of each specimen before trying to evenly
and (MIH+T). demeas fitkhesé®pd group that cor
teeth were rather more standard. This in
bet ween t he groups and provi ded-basegdol i d
practices in dental reseWMhriclhe antd icsl ipmriaccatli
such methods especially for initial asses
conducted before gaining the total <clinic:é

63Speci men Selection and confounders

Human t eeotbht awenreed fr om t he ti ssnienebeadn ki wi t
def ethiss hel ped with t heNarteusreaalricyh, otnh eMlghb |t
of -vinro bBHediieoerd [tliB¥ydJUmrsor t unmit eésged!| ithypo
| esions cannot be artificially made in th

and phenotype.

The col |l ect ecdoltl eeectt exbvArfidcoe@m p avhiaedrttesnded

t he <c | i nLiecesd satDetnhtea | I nstitute, where teet
the tissue bank. Unfortunately, the specir
t heir pat i nrt8x8 |Sdf meo ro-hge tnthie o ruends udceht aad st he
patientbés age, gender, ethnicity, prenat al
fluoride use, may act as conf otuhted ¢ reg ait nurtet

MIH has been reported td 186 Jamodr et oc ocnaruwosne i f
use of fl uorAClPe amd a(tGRPnNpts to contr ol t
having enough data about t he asmuereiveains r
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di stribution of the speci mens i nto group
extraction reason was <considered. The res
from the Tissue Bank by <c¢choofsarnge xthoopslee t h

orthodont.,tm rasvaosadns he use of carious MIH

Mor eover, the teeth selected for the stud
which are more susceptible to MIH. Partic

|l esions from the smooth surfaces (buccal,

the occlaue@aasl tshwer flaatt er can present chall e
specimen preparation. Though | esions on th
in MIH molars, the enamel i-eartuptiisvearlkeaeakd

areas, maki ng 1 dplregipfafriac ulotn nl @ sachmomrtas ioze s e
Finally, previous research has noted var

across di fferent t oot h surfaces-defwi hbdth

prisms and the | ingual sufrfI@a®eehbwi hgmsha
in the | aboratory setting, al |l sur faces,
study.

64Speci men Si ze

The data were emde¢tddl usmhchg we bpoWewhiod h

concludtehlhet®hmeci men sezemméndddedwasi men si

75 was chosen to be able to have equal SPp ¢
Sever al chall enges were faced while coll e
reach the desired speci men si ze, I ncl udi ngc
with MIH | esions in the Tissue Bank, | imit
wi t h ostehaerrc hreer s , andc al Ipeaatsieon noft heextract e

due to tH&® @E@WIdE mi c.

65Speci men Storage

Nor mal | vy, the teeth specimens for in vitr
humi L9 §$Therefore, the study specimens wer
foll owi2n@2 2AtBT™C Considerations should be
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storage media used for the specimens, as ¢
in the mineral content or the nelcoh2a,nilc%3]

These environment al albuercamesno®fmangchafame ci
carried out in vitro. Additionally, since
enamel and was sensitive to its mineral cc
though it can cause miner al Freashitrhe, hwa:

tissueds[h9dt ati on

Thymol O0.05% was chosebnhhasthlyemost cohae i ma
and has Dbeen widely wused in $09&i eslo6nv
According t o prtelvaroaus wesrtaudin®s abl e di ffe
specimens preserved in water/thymol and
stored in ethanlodl3,anld 7fJlor mal i n

I n this study, the teeth were stored dry b
As the | evel adfberigmhrteduwrad binl idtryy condi ti on:
to employ thetardemet tnee hloelsi ons on unobst
surfaces, e s peicmnagD| |AYG NvOideem t[ulddddglive e e r , prio
to SBS ,thkeyiwgre stored iim &BBi f&@AG2d40 rh oaut
ensure that tuhnedye r r emmoa isnteudbe f oo a dit thieo ncso mp ¢
breakdown testing following the 1 SO 29022
medi a as-tiotxiics aamsaniaaottsoni ¢ buffer soluti ol
used in biological studies to maintain a c
is owed to the fact that PSB mimics the h

concentration
66Teeth Grouping

The grouping of MIH teeth was conducted ac
Firstly, DIAGNOdent was used to determine
toot h. Foll ouwi ggabnhi 6f caboilion of the | esio
undertaken to assess t bheed steeveetrhi tayn do fg rhoyuppo
( MI H) and (MIH+T agrroapsa) ysiThi r cmod DS en
di stribution of MIH teeth in each group.

sound teeth, had | oweirngnilnessalc alomitiemtand r

while they tended to have higher organic ¢



Themain ideasbRpAGMNOdesntits ability to diff
t he adsamrd tsicoanttthdeaisreg dfl uor e sscheontc eatr a chiea tti
Sspeciwiletmar i ousahdsddwmsd tooth tThsueanresn
l esi on, due to its high batteorebcenmane¢ eat

excitation|[Wwa9gSliemgtar fl uorescent finding

| esions, where there is an el evat[eadd&G]mouni
| n demisere rarl,i I n t his exampl e, hypominer
DI AGNOdent values would inditrcabheon dtbel i
protein content . I n ot her wor ds, it w

hypomi nerWhens aas o@s s,i nfgaraa. it oett diali dharteadi ng
provided by the DI AGNOdent does not neces
hypomisaein @aint h@tanof a I|[dvB@fher enedinn @l AGNOde
values rdapheregdoun study hsede i beldatblslatmmar
may be valuable to note that the values r
similar to those of ounm3.r%,s eMlrk ht:o-8thu nnde at

Enamel colour (code) Number of samples Mean (and range) LF Mean (and range) MD (g/m?)
Normal (1) 40 417 (1-29) 2.51(2.26-2.81)

White/Chalky opacity (2) 22 26.6 (3-99) 2.24 (2.04-2 46)

Yellow opacity (3} 42 75.84 (40-99) 1.93(1.68-2.4)

Brown opacity (4) 28 86 (73-99) 1.67 (1.52-1.74)

Posteruptive breakdown (5) Not applicable Not applicable Not applicable

Tabl® he green box meamprisrédamtgse htefeD|l A GIN®OM
each wecooldoemrt he o.t héao MD uadry LF coul BEBe
cat egldriys Feapruodcuaed with a per mifsrsqrmjn o

Due to its il@mwsasgsium@acMlI H severityr,eltyhe s
on DI AGNOdent readings to distribute the
An adjunctive second tool was adopted to
overcome the previouddshodeVvidceésnbimdt ahiaon
readings werea®$ttheygl| sweredft diref il rensa toonr ys ev
when combined witéh ddleo wsre coerds dro ol

Whil e spectrometers are conventionally re
col our measur ement, colour sensors are ¢

priomigtirepeatabil Atyoloven i sterbsddea,mgn ey e,
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monitor, or scanner, decomposeédsn Itihg,hst sitnutd
st andatridaans carri ed out in all f shuec hp haost o g
usi nge saamme rpeh ot d sasmedbper atoorengmiror mi ty,
repeatability Taheedb@amk ubmaRisomn eamedrctcur at e
colour quantification were conducted wusin
rat het helhlajnecti ve visual analysis of resea
error

Col our ([cealddngystems have beensusedqumanmuf
ssue colour. @Ose edlf hi@lhkelL ABailfn ool our sys
[ 201l]where the numerl*c,al a*v,xlaanedb em*d ettrea mi n
l owing for comparisoh2®@ltBlerB wase esmpelcad)
for col our goanthiifsalcathwadng hal t ernati ve me t
guantifying shade, such as spectreoenetry V

due to the need for further clarificati on,

Il n MIH teeth, |t i s noteworthy that dar ke
condids opseviolslyTfonetnad!| e subjeicmilivar atss
t hosecliinsiad @alindgt o evenly divide the 50 MI|

a St aseddarcdoil our sSsheet was <created, convert
shadwhi ch can be identified i n Mi crosoft
Howeveerssit taiccklInowl edge certain | imitation

i mpact of the operator and the subjective

67Enamel Speci men Preparation

Each tooth root was | dewrct il fit cadindvaittfitechres onfu ml

crown surface before the cutting pre®cess.

with the Accutom machine, they were-cut be
enamel junctiedt hamd fdemaadhe <crown. Thi s
maxi mum surface of the crown was includec

sectioned vertical dasymamttiho suarrftesc @ oe rppa mallu cse
a3 mm di ameter hypomi nan aneinsednbkesvieom. chh
all ow the placement of the cylindrical res
cylindrical are8®sanguhbhtdet Aecbéeésmomachine f

cutting for the preparation of speasmens
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it provides a controlled and precise cutti
speci men with a st asidmg dhwsmamr ewhridre wnitnhimm
safe mhaO&Bhe speci mens were then placed

moul,aikd a resin mix was applied using a st
manufacture instruction. The measurements
to be easily fittUlTdWwianlbopl!l acaudsimgoanhebst
cr olsesad during ewWwlkeilproglldawi ng t he force

perpendicular to the composite restoratior

68Resin Composite Bonding

After preparation ofhéeéhetehameptl spesée meac!l

one adopted kyppt B&og tplhdbys,phorarmr talte de mare |

surface prior to adhesive application. Unf
maj or drawbaokcal vari-atoppotegdaseitYets iat
technique adopted as it was reported to hea

compl et el y srmeemaorv el ayeermpwawhrerd t o ot[he20,t ech
204]

|t i's not eawomnvtelmy alt hatdhesi ve systems are \
ability to bond to different substrates in
see¢fch adhesive systems. Additionally, t h

some of the dr awbadk sseddcffh tbhoen ds inmgp Isiyfsit em

uni versal adhesives have themadeaatdagsi of:
[ 205]

A universal adhesive was wused by the stu
composite was added to replicate the <clin
restor ecdo mpiotsthitl S.efgr eme Uni ver sal (3M Or al
composite used by the study as per its ma

for use posteriorly.



69SBS Testing

SBS testing is a commonly wused tewte in

properti €8S Mastowas used i rtSBBeastulkdg sia
of the |l esions s[tlL20 e dlFub]td e(r >mamae),h niitq uies |
sensities8®8Stheeui res thinndempoeftepegific
[122,. 12Brling the test, theeddadas usedaht
stresses distribution and concentration c
t he 4JdendigeRel]

The reproducibilitygeonfer@aB8 siangthesbkbbeysto
system and types of bond failure. The meth

the testing process t o ensur e consi stenc

confounding variables infl uencfiemrgenthestragae
of Sspeci men preparation., These variables
temperatur e, whi ch miaiyn daifnfgect o tthlee SAF®P O

specimens were testUeldhs atspi nagn dt hteh es asteeme s O

program to assess SBS and analyse the for«

The wide range of technbhased adsdes zmantin
may be a chall enge when eemprad iantdheebreet waereen

l i mited studies focusing on the Thhamsd csatnr e |

be due to the use of a smaller specimen s
effect), the use of different specimen pre
teeth (sumohl aarss,prwehi |,enolmarshwerstwuded) , t

technique adoptedondrn nglhe@rdnadege obser ved.
although r edamptr olpiotserdatses¢ pinade end verrep,r et at i
of remuwsltt e done208&ut2Ouds$l y

6 .0lImprovememtSBS

Unfortunately, few studies-afifneveetsedlygdae et h .t
maciS®8S results obtained by our study in |
comparabl e S8SthesmitsopreviWousgl yampnaldl!| iad h
Chay dtTa®dd)e T hough t hues etdwot hset usdainees t eet h s
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mol ars, yet their teeth grouping rather r
study whilcAGM@erd |®mdtead quanti fy colour an:
severity. They also used a wire | e®dmet o t e
cutting blade that W20 8us edddwWwa\hatrhr 8 s slt tug
comparability reinforces the reliability ¢

for MIH teeth after SAPs application.

Our study founwontheatMISHAPtseet h prior to co
i mproved the SBS measursdamentfédictplodrnsy aal e
compared to MIH teeth bonded to composite.
allow the SBS measurements to reach those
could be explained by -ashse mplelpd iidretsdd a bstlah
whehetenvironment-aiss esgnbiltyalmlceur Seltthr ough t
nanot,apreisbbons, an[dl5%9br216G, t21%]i ber s

I n this S$ARziamPcsh,used as h 2 IsBlydeafcitpaintti on
Surfactants are molecules that can | ower t
them to spread mor e [adkBin]l v hwi tchais ey, DU rt fSAPe

mol ecul ar structure enables it to adsorb g
phases, such as the enamel and composite
the forces at these interfaces, promoti ncg

proteinn tvhiet tpior ous enalrhals dfi nMIi Hh g$ & esd yc'.osn s i
primary finding as b®emsd tihmp rroivsekmeomft rne sntiar
decreases t he necessity for stainl ess s t

exraction, and recurrence of decay.

However, othmpr sMeandBBS the ability of SAP
mi nedreanl § i2tlgdn]d t hei r capacity to establish
bet ween the tooth sur[f2alcse, anwldé6|]dent al mat er



SBS MPaj Previ Previ Thi

Composi Liter Liter Stu

Restor a [ 209 [ 208

on Enam

Sound T 16. 2-7 29. 03 15.
10. 4 6. 75

MIH Tee 7.08 22.05 1.7
4. 9 5.14

Wi th SA - - 4 . 5

MIH Tee

TablZBS of Previ oomphit tudr 85t wndey

611 Mi ner al Density and Type of Failure

Mi c€D scans were used to assess the miner
speci mens and were further backed up by SE
whet her adhesive, cohesive, or mixed.

Mi c-€C Du s efdodent al mi narsslesdamsaititty al |l owed th
invasive recordstirfweactejadt 7 Ofurt re & dlhtast sthhoew

sound teeth had general InMIHMH ¢hert hmi mad roanle
SAPs. This is in har moQayr ewi & hwhiheh CsTh d wendl i
the miner al density was reduced ibsyed 9t &€ t(h
compared to sound teeth. Il n the case of M
the deeper areas, where the milder for ms

go unnoti cdeednt-é6entemé hej unct i onenraamehl e ry utrhfaanc
[ 218]

Scanning el ectron mi croscopy ( SEM) and E

analysis were other imaging techniques us:
in that, wunli ke t het oCo$tuhrifftazcleh]l ¥ wasessed it
study to assess the stypey ofiombethdcbhbe@ambdbnor ey

of bondawasilwuaedk daglbueecohesitvleeofnmgpiolsurtes .i |
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The adhesi ve failure rates at t he i nt er

composite occurhegypdomianeft glisedhegroup

enerallbw, rahnes of adhesive bobd hheghure

bond strength between the enamel and adhe:
bonding techihetqgule amsedri nse technique, or
treated whiedh tshugpiproe atsi &i ty t o I mprove bon

e
t hat the rates of adhesive bond afasédr e
ame | (MIH) group might be expl avihanreeth by

more porous and sescepichl dindefsasuuface

Hi gh pure cohesive ifnaitlher e xewl d @athp s et at ¢
the high bond strength between enamel and
The composite defects ,soaugahsd Iboew npartoepreiratli ers
composite wused, or , LYpaedrsatiomp rdoeppeern diemd r e m
technique or curing during the preparatio
resul ts cgaemnreorta blbhsiegdh,l v i,natser@mley edepr esen

specimens were studied.

Finally, EDX analysis was used to assess t
shows higher cal ci um anidn pthhoes pehnaa nee |p eorfc esnd
than MIH teeth. This U8 seavtmid2adO ]t o t he f i

6.2C1 i ni cal |l mplications

Whi | e t he appl i ciuthiaosn ionfpr 8§ A€ d BBS I n %
considerations need to be made before rec
enha’®88 of MIH teeth in the complex or al

trials need to beth@gepdiotemdnte abs&aPs i
patient popul ati on. Moseoequ réeprtooedemneés

restorati viencroatpegidas sand t heir potenti al
ot her dental materi al sperAlsaustecahmiocdbndfses ad
camel p adcdddpreecsd i ¢ pasuemt aseedth®e severity

hypomineralisation

Previous studi es tahsaste nhbal vien ga pppelpiteidd esse | (fSAP
i nci sor hypomi ner araiisndtyi ofno c(uMleHl) hdereree nhh a n ¢
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strength (BS) of restorative material s. S
i mplication as BS i mproved significantly.
may | ead to i mproved quality of I|ife for |
for repeatedati ons, enhancing treat ment
all eviating dental fear associated with re
Though the potential i1 mpacts on sensitivi:t

were not stadaesdyume&a”APso carry significant
beyond BS al one. SAPs probably have the p
and caries reatfeened teeMhH This i s an i
BS enhancement as thd gsesltiom@tprvepanattiees
using SAPs, hencteakadge,), ngndii subsequent |
sensitivity and caromeal lryecuag ened ectAidde
di sarodd enamel <caoearsptrioentiisces in MIH affected
materials may be required to replace this
SAPs i mproved restorativecodrot mamehi rbgy aen
increasing the resistuamatce ono ovteai niimg . orCo
the aesthetic appearance of the affected

with theiirmpsrmoiviee. wi | |

The shear bonding strength of composite |
determining the | ongevity and success of
the oral environment . Il n vitro studies as

valuabl eintneighe sadhesi ve properties of r

ability to withstand forces during masti
findings help in selecting appropriate m
procedures in clivmeirgali tpriascteiscsee.ntHawe t o ¢
and compl ex conditions of t he or al envi
temperatur e, moi stur e, pH | evel s, and mec

the bonding performance over $hear bBbaerdehc
strength in vitro does not always directly
studies that bridge the gap beawoweledn olraablo
conditions I's cruci al for ensuring the o

resorations in clinical practice.
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It was previously suggesReydnobysaimat matl lve t |
acceptable bond stref-8§t MHRZRION | dh ¢ | @eu bred¢ nte e
we foundet metarn bschred strength i nSkp¥adg eeth
4. PN 1. 4( E€)en though this figure is slig
val ue. ltés worth noting that it was sign
reportedtrdfeoat endkonMI H sampl es. Suggesting
i mproveart hheosmthes Mt eliigtelct ed teet h.

Thiss udy serves as a valuable foundati on

However, it is insufficient to solely rel\
wi || enhance the longevity of restoratio
clinicalneceabary to justify the applicat
clinical practice.

6. 13Strengths and Limitations

The rigorous methodology intnhwghvedtahesyetsal
significant credibility and all owed ot her
build on the study. The studyds strengths
using SAPs to i mprove SBS in MIdmat éenlg, o
|l asting gl obal Lderktaahlg tdtealtlyepeegbeef mdsati | ur e
commonly cohesive failure helps better ur
future yrea¢edbobwvih®mg npopvebhchapto be mor e eff
dependable. This research not only contril
but also introduced a promising pathway f
application.

Sever al l i mitations were acknowledged in
used i;9 tsmaalsl pl anned to use 75 speci mens,
o] 25 sypiecienzaht e osspmpl e size fell bel ow

e
S
f

threshold of 25 per group as determined by
aises concerns about the potenti al for T
n

sufficient stati sti ctasl oproweairf fteor echecteesc tb

groups. This cabyi mpaceashaeagstheyl| i kel i hoc
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significant findings that actually exist
possibility that I mportant rel ationships
i nvestigation may go undetected, l eadin
underestitmad itomuefeffects. To address thi:c
study's robustness, f@rust ucrcoeu lrde scecanr scihd eern diena
sample size to | mpamndhmehatnateiss toifc @letgaecwe mg

di fferences or ashsowiaati iadn <l s edfdvdeietniedrne, s tt.h
not be generalizable globally, especially

Hencdi fferentsnpaoyp uh ate odi f f eraennd e vveurlinteyr adfi

di seaeact differently to SAPs, and have d
specimens coll ected fr omtt et tsiduscthaea sb agnekn c
and age, which may act as confounders.

I n addotiibmi tatitorradmenhe prretseaaud hilni «ti hneg
SAPenl y minglhwabéh to consider upmat read imem t
hypochlorite (NaOCI) for pr otAemion hreea mpwalnttk

vi ew hies study may be | imited by the divers
mol ar incisosathypypotmMheél) abhind the natural va
This variability could i mpact the general.|

cases.erFuorrteh, relying solely on shear bon
assessment method may | imit the comprehen
properties and performance of the composit
tests could provuddeasmameai hlyoowmdughe mater

bonding to segdgpemamet al i

6 . 4Future Directions

A few points have risen while doing this
considefati bosure studies. The speci men s
data about stdreemopaapbnté, thkemsormabbts,to
extratheewerity of the condition, and the
decrease bias that may result from the coc¢
confounders that may arise due to the sub]j
clinic (which Vygi basegtdygemoiotpiaiinh presence
cari es, PEHB,y Aguddt ixewhah!l ypos sicl lued,i h@r ger
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Sspecismezne ,i ntaryease the studyds statistical
were significant i mprovements in SBS, ot h
mi neralizatt emmacdcur dwinlgity of the materi al
by allowing the matewiitanl ctoon dhigniearpaglliizant i

(waiting longer on the SAPs to take effec
study was focused on the SBS, more studi e:
ot her mechani caédomr @ dseurhe si ne xtehret nor mal hu
process. Future studies could include a f

assess the effect of the acid etch use wi't

615Nul | Hypot hesi s
TheShiu | | hypot hesis that there is no signi
bond strength of composite restoration in

wasot ac.cepted

The" d2u |l | hy,pdhtahesih®ere i s no significant di
bond strength of composite restoration ir
SAPssuPompar ed t oMl udnetewenamtoed ac.cept ed
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CHAPTER 7: CONCLUSI ONS

The use oaoBAMEHPteeth prior to composite
potenti al i n erhheamnrcilaogn dmasctrroengt h by mear
adhesi on. While this study added to the

di fferent uses of biomganedriat imanse,r ital e Ifes
additional i nvestigation through <clinical
durabilitgrPodt ousimmrove the adhesive str
restorations on hypomcesr aMiitshadh drhaemed o ng

environment



y ¢
REFERENCES

M® t SGSNI wa [/ NI zmzcmzfelrw?szpﬁabéw:é-amém.m:vuémfééﬁ|- o

HO 2 Sfo2 way@fcpseyuKSa)\ SELX I AYSR

od *=SNI ' [ LSS St 2AaldD3psi £ RSFSOG 2F SYIFAE Ay
NSQ)\SQICD

nd Gf I yM>hNOPE2RAY HBOD>I YR Syl YSE aLkRdase . SyS
F LILINR2 F OKEX 3IdzZA RSt AySa FT2NJ 0KS 2NIK2R2yeaila

PP 51 PASEATI wOSHFASYIRMKSSTIOT I LIS C2NX¥AYy I t SLI RS

{ dzLINJ Y2 SOdzf | Nd¢g KEYW mliidd \BEp Hnnc d

cd CI NI KX [waayz] ASUT KIS Of Ay A0y O A ANKIAKE 2 bR WS 19]
02 A0a YAYEHNI W RBE$ R A4bGEpN Y5 €Lgddh So pHon m i @

TO® % IRG2YI | &3 YO ¢ FdBGo LINBIOY R Say®S/ &NI RBDSt 2
RSTSOUGa Ay LISNXIFYySy(d Y2fl NRO9 dzyNP LIS BWE @2 z9FF
2T LI SRAFTUNRO RSyoaadalGNB Y 2YOALIf 22daNyIFf 2
H N foN ® LEPD dom

y® 2SSNKSA2YI YO & . @2WHKNOMWA RN KYRZ2ZYMKSHT &
wSas opmpoOwemdd o

PP I FYyfAYyS {dadr [ P! o] @ w8AEDANRIGSS by RI ISYSY
t SNYIFYySyld ¢SSGK 9yl YSE 5S®S@wiampRy / KAt RNB

MAnOw2RRZ ItdZ LIdE ISSERINBaIaA2Y 2F ¢wt+m Ay Y2f L |
9dzNR LISy ! NOKA@SAa 2 FyotnOSYRELPy Ry 5 Sy o a (i NEBE X

MMOWNE SGATZ . O5ISWRI DD IWBAH W IYSYNES RSy dFf FSINJ
YFEYF3SYSyid LINRPofSYa Ay OKAfRNBY 6A0GK &ASOS
LISNXYFySyd WWESNNIZS 2 WEidP W2 dzNY I d&Fma Y SRR I

HMDHO
MH®PIALIST ARY LPY 5058P8DHDBWIYSY R . RSWROSBAZE
9aadzSa I yR (it KSFMNI GINRRY (RYSS/yaiadi NBEY || Ot Ay A O |

WS NR Saryt ROt LRt t Jc i npY LIP HoOoO

MO DPCHEf&ZTt H IZAY OA&2NI K& LI YAYSNI {9OAdENRaLISY Y NB a i
W2 dzNYy £ 2F tI SRAY (INmOEMYy s aiNEI Hanod

Mn ®{ I RFAKAQDI YdZNIIKe>ah ®ahyR { DYS8aRYdzYREI NJ Ay
KELR2YAYSNI fAM azyiy hINI X&® &8 $ubAOS0> MH 1 MH D

Mp ®! YSNRAOI Y23 IDBR/EBIISY SO INBOBA Sg 2y GKS | 4a2¢
AYOA&A2NI K&LR YAYSNI (LAIGISNG W al2yWR R 22N | @ | N
RSy oailNEBEMHYEMIE MM

Mc P @IARIFI{TAAZI bdI | & 9/CKIfidX ed22ydz2 FI yOR YILE2 A{AA(2Sdzy!
KBLR2YAYSNIfAASR LISNXYIYySy( 9GUANRILIEH W 2 2TANGZNIf
LI SRAFGNRAO RSyoaailiNB Y 2YOALFf 22dz2NyIf 2F 9
HAaany ®LJe dvn o

MT ®! £ Ydzk £ € SYZ bl HARRECI N AYANZA 2N KEKRYAYSNI A
2O0SNIONBESBAK 5SyilHHOPVD ENOARPE nmn My @

My [ @FARI 1 A4 Wi §gR] CPSd 2yBE® . Sald Of AyAOl f
RSFEAY3 6A0GK OKAfRNEOABRRKSYSHNHAt 5AL&E2¢20h
91't5 t2f A ORdIzZNI2IOMEYES ytildS Ml LagIM®PY G HAamn

MPPI L FYOFNIYI ad FWHRAYIDYIRR K wawmya&mm@wf -So
NEOAFESNY I a2yt W2dz2NY I 2 Fc b RESSHIRAT V

2
)

RO S
Yy R |



(0]

(0]

dn

noboal K2y S&8XKSOBWET G YSyd 2F t20FfAaSR Ke LR LI} |
UNB G LISNXYIlYS¥(i5 2o Wh Do prdudd mMawm

MPCEF NI KX wNREBS ASG O2fggSO/AlE 22N8 Ke2L02FYNUY SNI | A &
W2 dzNY I E 2F ®RGyVOE pMEXp om mn @

HP2 NRARIKGZT Whe P Ydt KS fLEINR O S/ARY aG? Y UJI2vaA AdeCekyA 52 T
RSOSt2LIYSYy Gl ffd AR T LRAZR 1Y YN PpdRA A dz& & A

0PaS2ENBI LdI 9 . SNHXUWYEA Y YW faxdl DRA YRISIHREINR
dzy1y26y 2NAIAYY 0NBI {0 YISWIS \friaO2 WISt | di2 dzNgSh
LI SRAFGNAO REYVOEXMWBDSHANAP D

nNP2AEETALFYY 03 [ . ® a®23 3 ANS MY OAER NA &K@ ©J2.YdZNIEMN S
FYR NBO2YYSYRIoa2ya TFt23\RAOf ANMM® I FuSpyshari- NEBSEY Shy
HHMMOHD

p®. dz& dak fdZR A% @I12B I NI Ay OAa2N) KEKRYAYBSNDASEO2Y

cd/ 2EZ9OPWCAEa2y YR GNBI G§YSyly 2W 508 yaips Midrdin
LJ® i dbo

TO!I NI 63 aadhiONRUIA KSIdNI 62y R AGNBYy3aIGK 2F RAGSNE:
GAOK TR Ot &NBIRIY A Y SNI f A & a2y dENRLLISUH W |1 NIIAKEA 2506 &
t F SRAFGNRO EBYo P MBPInNRAMPD

yOYAN] KFYY SWHASSOtRy@>St SLIoRS { Ol t02f Ra t NRY?Z
WSYAYSNIMW2MIN/dZYy @ F 5Syyieop o WRIEHSIINIDKE HANT D

hd. NHzy G2y 3 CIN®!I @Sy SSiI 12fFOSF NI & OF NaHSa fSarzy:
FaasSyYot Aylds QBAW RGETNRS FFKS GRS YN MpER YN IPE 3 ¢ |
9cd>

=
©
=

ga*(w()\z WIPPRBYIA & 3RIAY aAldz Of AYyAOI £
fAY3 LIShIoRYE VKIS NMEB@MWa2y 2F | NbUOA
UO NI NG EED i m P

F WOE8YIYR WgL&FSEddzF2NXYIFa2y YR AlGa
(B ¢ IRMPEY mimdy DD C

83 9 dYad2 fl lyND AwO ACT NMIKKE LI2 YAY SNI f AT I o
Ao2y s Il yABF YINRYF NbYSR / F NBE F2NJ / KAf RN
OYIOY ST MP ST § @INAKPY ISNID LIP ToO

ZRRIYVE YSH INSAESzNIEY &2 LYINE 3 NBARZNYYVFR QK |
Ff FTYR RAIFIIYFEDOY NBREHNDODK Y W/ 5w3 H
: Mzl = swSpfidt>t SSiy HYESHSE F2NXIFea2y YR AYLE AO
IKRRSAdA 2t 2 3A O b wS DS Xpo @ A mT O

S ad BYRIKPREPGSEREINSY Gt o0 AvREE2NRREEY 5 A
FYR AdGa AYRLMNIDKZ2ZRYY A2 Y4 yONI Y A% Flo

< wmwmuypy—™

<
S
< e <o
Szoo

I
©
- cnr o
[
O(Q-"“QJ< w

_r—h?m)m?m)yo(m( T
> ¢ T N

O > D', < RS, < > 0 O

=
e
Z <,

© o
e ©
I?r—r;u(u—-O(EmO(m o™~ =

3 Q¢ T o>
m< m>

g >
=

8 <

— o
c_‘f—h
2

g('D

G

cPel &f 2NE 1AM KD® ASSif R 200> 0A2f 23A01ffeé I Oa@S |

dzaAy3 GKS o Odzf 2 GANBRHEAS ASyE LINEBLANG 24/A 21y8 aliySRy il

T¢||u|13e|w{§ywm£)\590| N@ESa 2F WRSINYISY RW |
RSy Gl f NI &$nNYKaddm domd P

y P{ YAGKZ owdlzy &ti RETSO0Ga Ay SEGNI OGSR yR SE
' YSEt23SySaAra LYLSNFSOGEFEZ YSIAada2NBR dzaiay3a i
AYEF3S HyNIOKAGASEAP 2 F 2N LI dipydc2 38X Hnndd



g m

OoPP{ I fFYAGNRY [HBBAASYR LIVBYD I {{SByIT YSt RSFSOGa
I Se2f238& YR Otl)\qzaxﬁmaémigzmaém{wdmbdmi HcCO

nn®R2a {lyli23ay2/Yodad aSR2I INBWA & 05 RSNIDKNBRE U
2F KSIFfOGK Ay @Swied! a2y Hamn®

NnMOhNBFYAT F &AFI KEIGIK AdzNI8a&aYYORZBNDRYSSK2E
hNBFYAT a2y ®

nH®al y3dzys WaeeNgS OS50 ATGSANR 08 I20SNya GKS  LINI
Syl WEt5a5y i wSHad 0 npedpd mmc n

nod. Nhyl NZ 5Sn>la33322é§xiél-/fmdéNJ\l- 2T Y2t N AY
I Ol ASWANBILIEZENIGY W2dzNY I 2F vBMNIOfd wSKI 6 A f

nnd. dNIGE . ¢! & 5 FRo § PNBI IRS VAV RS LINGRODIS = |
HNNnpVBASNASSIfGK { OASyOSao

npd/ 20KNI yvI!WRIHPY RENRATN SR LIK2G23INI LIKAO YSiKz
2L OAaSa Ay BRAAAAA hadz2NRyaR abdeH f { MALIALIRIS WiA 2 €
M T O

ncd/ dziNBaaz ¢ o2 &3 DOt {dziz® AfOA KBI f IyKR | /A2IBD (1S @1
RAAZ2VBDSGH 2 LIYSY Gt/ BYYphk i RSFRBIOU aSH{ KD b
VAZA Y UGSNESYO®X ®dHnncyY LI® HwMp

nT dal NEKYlFYS %®KISYR AIRDKBERRALFf LYLIF OGa 2F 5¢
5SFTFSO00a Ay [/ KAt PNBY mibpppRLIOP2 gizp3 t S2 LI S

ny ®DKSNHzy L2y 33 {dX DP58@E2BEYHYRYRDPSPKSAzZK S W
KSIMBKF GSR ljdzr t AGe 2F f miALS/t2y REFEA TR Nb OKA ¢
| SI f O KES OV idd mMc M

npd/ Fal w2@l R23 I DIBDAASaA2Y { ®@SG6SSy RSOSt 2LIVSy
GKS LINAYINE YR QXNNYWySK8RRWBEdGIbE FHD>Mpigt M M

pndht AGSANI = | ®CPZ | da®K P KA WPEdeSy 0§ R2 T S Wwi2 ¥ Sty
RSOSt2LIYSYyld 2F SINIé& OKAfRK22R OFNASA Ay
- f 2y 3A0dRANASE awisdaree Yorohddie d® o c

pMbadzyY2t 23 LiFgsOSS (0 [HGUISNA T GS&ad F2NJ I YAONRO
O2y@Syoe2yit AL yRIABSNIK2REYR OCII AS Id SIBDY (i1h mo

PHPS5U! kf A23{ KOENISA2YR PZINBYIGKET 02y R Tl Af dzNB
YAONRAO2LER lylteara 2F | ySg ! o/AdISo thNIE2RLE
HnnTppdDL')YTcher nmn

po®detSO02:3 ¢{KIE |Sa 20GAdtSe 2y 0S06SSY YAy 2N NB OdzNJ
OKAfRNszQa LI22NJ 2N} f OZJARNOK2ZHER OAY R  dgyr B3 Nif2
FkGdzZRSa G261 NRa/ 2NERA K BB Sy Bdy hoc @

pndtydl /NI SINBS LISNI £ QSt | 62 NG IARAISY RANIdEY { dzi
H N MHMD L4y T

PPpP[ @IARITARELILDMEAO6ALIRODPKRLISNIKSNYAO Ayl NI LIS
I Redzgl yi Y2RIFEfAdGe F2fft26Ay3 NI RAOFf adzNHS
Fy 2fR ILNBOESHIA INRSPaPNRE HED>ST@anmn @

pc ®PDKEFYAYZ Il NIl GIHffPIYSGK2R F2NJ dzaS Ay SLIAR!
K& L2 YAYSMNIJNRIIST 3y ® NOKA PSAE 2 Fmdd SRELUIG NKRDp |
Hnc o

PT Ol dZAKSEKSIINIR>2 YR {GNBY3IIK 2F hNIK2R2YyaO . |
HAMTE | YAGSNEAGE 2F [ SSRa 0{OK22f 27F 5Syos



dH

py ®DKI YAYSZ al2di3 NSUA yIOAdE2 NJ K@ L2 YAYSNI f A&l 2y 6
USt R &dz2NIISeRadzNB/IRS HINT IONIDKEDBS E 2FTmy i S RA LIG NR
HHMNHO®

PPPCE NI KI wNRHSAS( O2fdySOV & 2 NF KB2ZRIYRIYWE NI f A & o
5SyiZopnm¥aeldd pdm

cndal Nby2@AQ0syl{osarssds 2% dEKS YAYSNIf O2YLR2aias
LISNXY I YySy#2FgBENKHPGSHanM UWONSHEM SRX Hamp @

cvMPal K2aySes: 90y SO & f NP LISNBSE YR YAONRAI
Syl YSt 27F LIS N2 WISly/SINI ESHSH IK Ypaphuidmagdn dom

CHOW2O0AYA2YENE®EHI BGINRPO®EK AY RSYGAYASYYRSEY
Ff 0ddAYRFIDYy OS & AY RS ywuiahnfo YNGL@E® MNIDK = M ddc d

codal yIdzys {WIRNEF ISGS X yESINARGE 3I20SNYya GKS LINE
Syl WfdgNy | £ 2 F RS yylidMn ONBrlEd BOMKeEn H A Mn d

cndC! wL! mSm{L[IzI NRY¥ | YR VBHOMNMHE ®HESIF NI 62y R aiNB
SAYN LISNXIFYySyid GSSGUK gAGK Ke UROISINGA BRI Y
22dzNY I 2F LI SRABONN LIRS MaliNEEI HAMMO

cp®ad® 91 YOI NI Y2YRAYDYD?2 OKOEI2 VA yaSeNd (it SV I1SRO Sy |
NEOAFESENY I a2yt W2dz2NYyIFf 2F | RKSaA2y 3 | RE

ccd! f I f dzdzalld Zf A IR PPA ¥2NI M2 L2 YAYSNIf A&l a2yY |
9dzNR LISFY ! NOKAGZSE 2FTvMbBHSRAYIONP O 5SyaailiNEZ

CT®/ NPYOASS Cod>X 50 al $o2yV2IBKEOh ®2 KA NLI (§NA O
KELRYAYSNI AT I o2y W SN/ONRY O f WRBEBY EH6 D2 F t |
HAaavddeti O Yy @JP T o

cy®Cl ANSKt f 3/ KDPDDAI ST ¥SO@&EI yAOlIf | yR Y2NLK2f 2
KELR2YAYSNIfATSR Syl YSiOaF hIRRYLFSFHAAONRE{ C
HAaMmgdn OY mbddy ¢4 M p

cChPPbd ! @ [ @3IFARI | AaZHDRGERIESRPIBENIA yaS NNRfyA2adkdes2 Y 0 a L
NEGNR&LISOa @S Of AYyAOlIt aiddzRé Ay DNBS] OKAf

TNOWEYS WEDSSER LIYISHAi I RSyidlFf RSTSOGA Ay OKACf
{f2®/I-I{§Y£JéLJKSd\IuSoEO¥|anCD{|®pn

TMP! NKSAI Y Nﬁm-fﬁydszz RAGGOGNAROGdza 2y > OKI NI OGS
Y2 (- WOA A NIYBNLIRZ Aal a2y | Y2y 3 [ moSeOey2 yad @K 2 2 €
adzZNISed 9dzNJ ! NOK t I SRAMNME®I 5SYyiX HAHMD HHO

TH®[ @IARF ICNST GbvySlydiz Y2 RIf AaSa Ay OKAKYRORNBEY NG A (
Syl YStf KeLRYAYSNIfAal o29dzMalLNIDK t! SIRAAIMGIENG |-
HAaMiodd O YIT bJd c p

TODP[ @AARI {1 AaZSHD! @A BAOI f PN O OS 3IdzZA RF YOS 7T
OKAf RNBY LINE TSy G/ &RIBMMAIWKS NA2fE A NI a2y oOalLl 0Y
9dzNRB LISFyY ! OF RSY& 2F t I SRAIdANIA ONIBKS vt o aSIRNKEI GL
H N1 HHHOM U YH MLOD O

Tn®l SESYy 5¢& w2RRMI | ®DdPX bASO22 ¢la2IKNH I |
AYOA&2N) KELRYAYSNYt A&l oa2yYY OdNNByl 1y26 fé

TpP{ ISLKIYAS {KASftRA MX o0o3X ¢2y3 /KSY nXI CSfA
ai KANR {M(BH LMEHOOZRET az2fl N LYOA&2NI | 8LRY
| R2f Sa0Syda Il bl NNl a@S wSOASGD

TCOPbd | @ [eEI)\RII)\aM i 9® DIENRBGHE n 1 [ {2Y]
22y3lSam G Of AYAOFf LINI OaOS 3FIdzARFYyOS F2NJ Of |



do

N;em(a\lmmmysmfxalazy dalLl oy |y dzZJRI {
AFLGNRO 5SyoaailiNE LRtAOE R20dzyYSyid o

Sazz f{IONIPASY OA 42 NJ K@ LJ2 YA Y SNI fOAdaNI o2 yf i SNRGA&
i T nOHOMONYOTE AP M H M

RFE1TA&SE boI{DBHOYWBABFEaFTYI FR PaadNB aSltl
NJSy(j YSGK2R& 2F | LWL AOle2y Ay (G(SSGK ¢
Of AY/deNR fJS Ayl dZRNIPK A S & 2Fwmb i SRuELIG NA ©o 5

-

-

s
Sl s el W e Wadl -8

LR T U S Dy T T D
y < O T S, ™ (U S

_|
<
©

> Cinh
.e.z(/» ;U(

o
N
—h

f SYZ vl HARREI M) A WA Kz 2 N Ke¢yYYA Yy SNI £ A

BARK RSY(IHiHOpE D Nz AE n MMy @

AdI bdxX | © 9K I dA led22/dz>2 Tl yOR YILE? &{AA(I2Sdzy

SNJ fAT SR LISNXYI YySYy (i 9OYARILIEH Y 2 2 HAIZMIE

INA O RSYLIMWUWNEBOE HANoO D

éZ b®> 9® YI { NS VIZxEY (il WR y¥ @ SIYNIY L2

Y2t NB yODEK2 NRNEB VIDHAREIEH &/8 & Nb 2
22 dzNJy/ | 2'-F LI S R &A ndONW OLIIR Swredddti NB > HAanp @

YHPI SAYGl Sz { o5t AYRO+® Sa&DaPHYSaan2T RANBC
YSitdkly I t WalARKS a4 MBIYDY oludm md 1

yodal aSNB2Al yESYwbid>OBYiL2d »&ESa FFyR YFf3AFY |
AY OKW f RNBY Dap®ia I 0 1Y Teided mn m o

yno! £ 0 /¢S SHIG NUZONZdZzNBE > O2YLlR2aAe2y YR @Aadd
NBE &9 gzRBLISTF Y OStfa MWRLINIMBNAIT AL HAnp®

ypParift2aSOAVEYERMET [ a2y YSOKI YIARDAI YFI RSH G R O
RAAI ROItWRIOBRAD 9y IAMGS SIAHGIEE H A MC O

ycd!l aYydzaaSys 9o LyRdzZBwO6SaAi FS6RUX. AdabDa! | YR
a8t SOGSR YSOKIYAOLFt LINE LIS NbBSSSy (2 Fa | SIESISENAMYS
MO MU YT @D pw™m

yThPaAf 23aSPA0EYENEIT I a2y aSOKI yQq QRO T | ASAG Hy R
5Aal ROMHYNRPIGERAG® 9y IMmdS SIAHEEE HAMc ®

YYPYAYS YOI & W[ PKEYSIESOYR2F UG 8AWIR2E21F RAY 3
YSOKIFYAOIFf LINPLISNbSa W t Q2 IKBLP2ONIONG IGiH Vil
c nmp P

y hdzy W DLW O YULI20aSA (28Fn MINKGS | NI @

bndwl YyR2f LIKEAf OSNBOKI NIPDISNA&EaOa 2F Y2RSNY
AYybdzSy 0SS 25/0 KLIKyBAGOKN- G2 SLYNR LOS NbF SIaSANAR | £ & Y 2 Y
GKS 1 OF RSY& SAXR I 5 Hymi 1t ma 1Dl

M P[ dzO 5d wl yR2%T AKEt X §PaZdO&l ft AYRET DFEsSGFyS [ S
[ SLINR y OGA fZf6SNIZBKI N OG0 SNRA&Ea0a 2F Y2RSNYy RS
AYybdzSy O0S 250 KLIKyBAGHF G2 LINE LISNb S&a o

PHOYAY Il . 20XRYVAaME2FO{ DE2f26481A HI az2yAll 5
0> aAOKI f YNJ-ézfzé‘uqme-l-wmmeezmmtzldzs[ym2\2 1 12
{2Nllo 2y 2Tt 6Z8FRIf2YVRAKAEGSE 2y {KNRAyYy1Il3S {

hoda2zdzy i DO IYWRLAGSRIRY SR 2BEEYley R 2 DEANBD [ |
vdzSSyatlyRY !'dzZAGNIY ALY Hannp®

bnd! NPt X 50 [ P! & DI DPFEENRYRY aDPEDPIKENNSEDKE
LI2AGSNRA2NI GSSUK gAGK Yl 3MW S5ISWRHI®MYIMIPA (
LJ® T oo

N
Q
%
Z
S

ymoY2Gal
LIS NJY |

""(n)mc<r—°5q)
~<,

ST



dgn

hp PwdzSIIS0o TNRY @Dzt yAGS (2 GAyets | WAad2NI
t NPaidKSG b/l mlddbnaiobn

hc P2 | Kf X adWBDIF$BYIOSOR2 T Odza L) TN OGdzNBa Ay (¢
gAOKONBERY OXXKIS2Z aAWRWdANY It 2F GKS ! YSNRAOIY 5
Moopy O Y TJPo M@HT

DT dw2dzf SHSY MPTCH> YR RAIORDE2 GZNE RSB 2 SNWw 2 GKa
5SYUZHpmddpY ®rlddd np d

by P[ I YONBOKGIEASINKDRI Ay I 2®Z0220K &0G§NHzOGdzNBE | y
NEODXSHERNE Hicop YPrfyde dpy n

bpPaAff tNERY @WDESa | YR LINIEDH2@Y Y2 TS aSisSlyrkeI £ G RS
RSy o i:N®Bf ® M® HamnyY 9faASOASNI I SIftGdK { OASY

MAanEy Ly 1§ { dzy o dz&3d 35 OBHSR bt AN (S M AZiZea K NA y 1 |
1AYSea0a | R NBRNRA WO ZRELAIE A ( N A Y

MnM@IARM)/u Ly > ¢ dYds GSHRI WAR @ FyACRGEAl yANYU KIFKYSE |
YSOKFYyAaY 2F | RKSaA @S NBaAY o 202RASRT ail 21 SRS
C VLI L A 2yYEE HISWNELYE npipyd

MAHBPSNRABSSS RVGSE 2LIYSYi1as58yiRSYVAYIbR RKEEAN FY
LJP DD DAAAD

Mno®ly [IYRIR{iEAYOYVIOSHNEWDAS®E 2F (KS OKSYAO!
O2Yy (SYLIRNINE RERYIf SINRS EDKFSpndir o1 pT

MnnPdza Ay m@w®2f§0oew@ﬁ@ﬁmﬁwaﬁﬁﬁ@mwaé&%@mﬁé;
d2a0GSYad dzyRSNJ RAUSNBY (. REV o if NF tHZnde®ays NI 5 1
ymoP

MAPHSNRAISYD YyWORIYNIIYoE Sa NBfFGSR 2 GKS Of Ay
& dzo & G NI G S5 SIyWNE | dll'YISSONED ¥ mldd DS H n

MncP2Fl ys /oA aSAGU Qlfedesy NBEGASG 2F RSydGlf | RKS:
ASYSNYr o2y (2 OKS dgyiR2S NiE2H fyo GIMSHENTLEDS MH 1 M T O

MATBAAKE DIRHRAVADG®2 9yl MSEG O FR] 55F olytISNI 0 &S
HAMpPp LD dHO T

MAny PsAD WNE 9@ Wao t SINWRAESIZ2 0 2 WHR  SradRhisty S HSKEY | 2/
I RKS & ASARAE dti NRA O 5HSayTeUa YU TRLBAE. duvpdohy &

MA PP YYATE ads YOWD{ GEFQKA WR IINN WRNI. @ba . IFHZa L.
FfTOSNYIFa@S O2ydB I Y52 Nb @ RRIFEBHDSD 0 hipd
MTTH N ©

MmMn®S adzy Ol ! WORKRIOKT NEB®XSS 2F (GKS RdzNI 6Af A
YSGK2R& | WRIzMISIfdzf 21 PR S yyid H 0 WNERLIMS IMNO/K > HAnp

MMMPdzZASEZI DO BKKR AaOASCSFRNI BFZ 0602y RAYIW FXWRY UN
5Sy i ! &awodws {Mdalddifshd ha

MMHPSAY TS I{5RSNDY WMIRKISA A g8 AR T 2 KDSWEKIgZNE @dSyAdyeA Oa 2
' YSNR O v GLid ™

MMO ® 83X CHwdNHzOSIHzZNI Tt PSS PARSYOS 2F 1BaOKTE BRU o &
02YRAY3 (GSOWYR §yzS w§d DX @R, © 1

Mmmnf SEISRKOSEEA S O2yaARSNI az2ya Ay GKS LX I+ OSYS
h NI f | SEPWIKEY milbdbyvbn o

MMpthl aKEf S&2x9008&Dda St RPYOIOSNEdzA O dhag rILIX A Ol o
F RKSAAGS 2y REVYDY S 02FREPFOXTRBB yonnH D
Mmc @281 YSNE boX :q> {VK'SY)\DVR WO LIBOK Y ERIBY H BB
RSyoy | RKS&AAGSaY5S$y @lRtadSIYikSodm MISEmudwana ¢ b



bp

MMT BPAEAKAR& YIIZe PONIESE &8SHIA &8 2P F dzy O aay/y tf & ¥PKIR2HY 3 NA
LINATOZNINE f | a2y 2F Mo/ Wo & Yy R PIay HEhgR MyHHE «

MMy ®F 82X Chowd | YROSOROY Y AKRESIADSAW d3Q2YS G2
5SSy ! & ac2§vEm OHYmodd®® T H C

MM@Ptb2 6 SNARZ Wo ZWHR {2 ONRY IBDBHIRE 9 YIFHIYNSR ¢ A & & dz
. 2YRAVATIApE { WINPY SN LI po

MHN®FY aSSNDISSRXKSaAaRRyYySiu2 S¥IX YSE IyR RSyasayY (
OKI f f IStyd@w!ladhL + 9 1i5WLlbxaAw{¢lwe,, h GE 2H A ¥ oLdYD ¢Ldd
HMPpOp P

MHMPANRAKI EF YDPRASE 2T da2y R alNBy WeKzZNYVS &G 2% !
O2yaSNBI a @S RSyn®aib NEoldm aW/np> HAmMO D

MHHB®S adzyOl I AWENI SdzNBt REPJASS 2y FIFO02NE | 0SC
SYl YSt KRAYUa0yidh a KSR 20a SNl a2y ad

MHOB®S adzydO3&o yWAP>0 2y R AUGNBYIIGKYSY I NBODASHEE 2 & n i
Lo Swaidp ¢

MHMNONI I T WwRKSA AN MH20oX 220K &aG§NHzZOGdzZNBY | ONJ
YSGKBRE®I f al GISNKG Y SBORpES anyr d

MHPBSNNXI YY Y 2DvdiI NRGA 2ty @@5F RAGSNBY G a0l yYRI NRA
GKS AybdzZSyOS 2F JfeO0AyS LRIRENISNEBLIOZFY
5Syidlt wS asd iNOWnzeJe noicn @

MHC ®PFaASSys {dad | yYR2Z¥ID+NI § @5 0% IwiS®RIR&8FTY 2F &K
2F (6820 GrSAYF3 | RKSaA@dSa 0AAEGK yR aS@Syidk
LISNXYFYySyid (0SSR LIYWRARYW @RIONE SIRRRR ¥yTNEET & & )
y @

MHT PFyYy23 IwBT | SR ylatkeil 0SG6SSy adzNFIF OS | NBI  ¥F3
A0U0NBYBEKdz o2yl 8Fa Akt SEONFR ali SbMNBO Y upldidbdH 0 ¢

MHY @dzy O1 X WOZopdH 0ZWR AGNBYIIKYSYINBJaSaSRIKXI
59b¢ a!' ¢HwWw> HAMAO P

MHP®FY aSSNDSHSI | sy a&ki Linfldduby ASIK dRpmRia FyR
2 dzi O BYSSY/EIP a | (HENEL Y Mg adS m 1

MOoNnONBAFTSCIEDISRNA EEYy L FEIYRRYAB9 aaKBYRIK i O2N
AYIGSNFIOSa Ay 58Nl &% NBRE O $ Mhdmbo & D

MOoMBP22NIESawe¥d 02yR a0UNBYyIGKY ¢S yOIlyaxs 2yFR R
' 3aSyofe 2F aSRAOFf al GpMNioldf & YR 5S@AO0

MOHPANRAKI ZI Y PRASE 2T 0ad2y R a i B yNGM K 2HEESINDY !
5SydImapii ldd nHA

Moo ®NI OSIZy /iYW 9 t KeaAzft23eY OKSndayXiWwW{ eRAwd

Mon{f{Pdzy t ®5d3 / P9 CRASKSBES & yRT WIONRG S R ¥ A ¥ ENI
Fdzy Oo 2 Y/ dZNNBY RAIDNR (2 02 f & oApym OLINRLEES Xwfir dinvOd Swy
My tp®

Mop ODNI YRB P ¥y RLWE NER24082y (2 tmNBIY SA Y yYRENIET R
'bLE¢95 {¢! ¢9{Y /w/ tNBaa [[/ o

MOCWSKYIYS L®Y ad CINZ2OKSYAFRNED a8085Yy RREER L
HAMT @

MO T thl dzf AtyNEE(G SADYS . A BENIBO BNB & NJ / NBa Gl f £ 23 NI LIK@Y
I LILX AOlF o2y (G2 {GNHMzZOGdzNI t . A2f238X HnnopY L

w»

a



Moy @2 & f Sand LI Ol a2y ad 2F RSIViaSfAad RRSS & ALAYE S\RO | LASL
. A2YSRAOAYSIT . A20SORYyF P2 Y@ d2i\AR LI2AHA 2VETA YRS
222RKSIR t dzoff AAAKAY ISP LIP pwm

MO P®AN] KI Y SMEEZSSOf Ay @I LISLIsaRS a0l 2t Ra LINRY?Z
NEYAYSNW 58ya2wdad»D YHoddth @ H ¢

MnndNI &St SNEF yORESY ASAIS R QA y A Ok fa aBNIoIf A yAY dFa R
tommUOAy GKS OGNBI G/YISHVYI NI S | aNgl @S OwiB® Swiindm 1

MOMBDPIISONVIAYSBSS NA Y KBS (I LIYVIVZRIAN LIS 3 @F al GSNAI f
Mddrd ®O Y TIbPn mop

MNHPSASISNEE DOPCPI { & !. a4 SHY|ONIMIBRE/ T ISHW (BHR FTWD |
WSTFSNBYOS az2RdzZA S Ay [/ KSYAa&adNE I NRG BSQwef 3 NJ
9f aSOASNW®

MNo®@FANNIYIZ wo [tyRIYRFaP 14 SyYNKFEE RNBDY h NJA v Y K i SIH2
. A2t ZMpHnOonYpTdlddd nop o

MnnPlKFE { PBASGYANGEB YDSMAHT I LISLIBRS LINRPY2GSa
GAD2Y 1 NI G ON2W3I fuvREFSN@IDHE ( dzR & P

Mnp ®PNHzy 2y T ¢tNB!I dizy S§/ 12fFo S NI & OF NkSa f Sarzy:
FaasSyYot Ayl QBAW RGETNRS FFKS GRS YN MPER ¥zZNIYIPE 3 c |

Mmnc PSSy {{¢ FABYOoffAY I t SLIDRSA YR ¢ KSANI ! LILIK
S5AASLYGERMY o2y 22dz2NY I f HOIT oYYt S®pdziply NInabO A

MnT®HIASE AZI A DN SGKA DS GS(FR {SKNRIESONRZBA | a
LISLIo RSa OBSId (G LISax NAOOBEFAGIbIUONAE QERI @A U
PP HMOY TRIPOMMY pPT

Mny ®F gl s W&S StSOlio2F FJted2al YAy23feOly RSLIX
RST2NXI o2y 2F tNBOGSRNYOENBFII HE® Lyaosildzm?2
OYIAAYSSNAEW2tdINYIF £ 2F 9y IAyYi SEWRAWI ELIA ym a SRA O

MnpPetf ST YOO2 BoA BWBYDHSIAY I LISLIDRSA a o0A2Y!l
SYIAYSIARNWY IS ND BOE&D Y smhddndtpo dp

MpAnOFENNRAO]l 9 ®Or>2F0 ARy PDE A4 SBFyHEK FYNIWIKSt A F
3St o2y 27 i@KSNEH ABRMIK DSIIFING KSRBBYMONYINT C
LJ® mmpet ¢

MpM®2LISa]es {t#ass Yol AlyEab IS Lo RS K@ RNRISEa Y2
OK2YRNRIASySaAra 27F 202 @A ¢OSAf & AFPS9 yH NNONIR &H 3 10 NI
LJ® mT ¢

MpH®NHzy 2y 3¢ NBIHZG YSSly UF f20 St NI & OF Nk && Sty d A3 ya
LIS LJertR S@f A y A Ol .f NAd &FKS (RS yi INMEIMPIPRIGZINF £ P> H A MO ©

Mpo ®NHzy (1 2y I ¢tN®!I dixy S 12fFo S+ NI & OF NxSa f SaArzy:
FaaSYof Ayt OBAI RGIATNIAS SFySiin axpai NS I 1D 9 ¢ @

Mpnthf {AfT @I SEBPISGAt A Y DIt SLYsRRSCEtd@2MMAORS F2 NJ wS:
OV I WEE5dSYy i wWwd & D YHugddyddn y

MPpP®Y L dzLIE ¢ X fl (S AV2NBEY | [OKEBXWSgawWoat 2y 1 KS O N
LINP G SO @S§SY¥6f Xy Im LIBYJoRESENMOZ2YR aluNBy3IilK
W2dzNY It 2F 2NRBTFFOAILIET 2NIK2LISRAOA ' C2NIiac
22dzNy It 5Sdzi aOKS DS&aSt t ayOsKd UDY r6LdablIoYHids F S NP2 N

MPpCWHofRFIXENAST | & IDWR Sayd NMHBAYYINE 28Fa J1KYS0 farSyt I
LISLIo R® tymO2yaidNHzOoay3d I NBYAWMSYNREASR a2y 3
Syl YSt fSairzya VEydzNgY2(2 G2KF ahdbhNBFR IOBAaldE h NI K 2
RSNJ YA STSNE NTpKo20LINTRAH @ THpn mn P



QT

MPTWAYRSE [HTIYBVWSHOPESYAYSNI AT I aH)ESXDE/ANYNR 2 d
t SLIBVRSAS Y (i w®a D YHuwhTdd i
Mpy POKE SSZ /dRYADE {1 LIBNF 2N | yOS
GNBFGYSY(d 2F AyAoalf LINRPEAYIf OWRAMRMAE f S&A
Ly@Sasadla@dS | yR / @A yAOl £ 58 SY o dUGNRS HAMT P

Mp pHITSE AZLIN dxa SHi & NIOCIFERI 2 BABYHBRE BYR I NEODS
AoA00OKAY3 0SUG6SSY YySW 88 F KB Y MuPARER WHIOD KIK
dc md P

Mcn ®NHzy (2 y > CtIN®! iy S§/ 2fFPSF NI & OF NxwSa t Sarzys:
FaasSyYoft AycE 0% Ny RDE.f NRaa aFKS (58S yUINT Imdpd dzNIL IO =
9®c ®

MCMBHPSOAST HAEBS OF i AB SWHEHE Ry Im LIBYIeo B Y¥Hw SNRPAAZ2Y
{9a a{dRyyadyda@n 1Y mlgdr do n n

MCHYAYRS [RHIYBVSHOONBYAYSNI f A L BHFYS 2oFt Oy NA 2 d
LIS LIoVRSAENY/ I £ 2 F R S ydiid 0 YNBLS BrNgDK > HAMT @

MCOPAf OSNI 26 WS YWYSHNIE b FeRF> 2F yI GdzNIF £ S| NI ¢
n Y2YAG2NBR 6AGK LIK2G230KSNW2IAZNYNIER A22FY S (G NB
AY2SaS 3R Of Ay A Okdn (RS yld® GNEBHH pHTAdM T P

Mcnf{P2l NBaAZ! wdSa8WSYadZF Syl YSE NBYAYSNIfAal o

RAGSNBY (G NBYAYSNItAAAY3A 3ASYyday W2 dNOIHVEY A Y
2F OfAYAOIfT YR RAI Myiad&O LN 3% MR Y W/ 5wX

McC p fpdzA CAIR LI Y & IND 2WePt PRO{ @ ! fAYyS waISNAI
w2y il yAoZ w2o0SNU t @2 ¢ b YIAISYEIORY SR ya 2 aR N

e A Az A

A0U0NBY3IGK 2y RSYA ViSNEHIAYISS/RI RsSwyleKy a0t SLANGSD |
F3aASydao

Mcc PANRLE I 9a0dS30US @ FI f0®@®IAIA OF £ Dbdz2NARS 2y YAONRAI
SYlFYSt G2 O02YLRaA(IST YAONRBKFINRYySaa 2F Syl
A ONPWAaRISzRE dwSa 5SSy G/ tvioyn 05YSwlidldn toN@pa LIS O G & =

McTPFHESYY ABGEASAOlF IOPHINBDE fy HYINI §SIASE F2NJ I

SYlLYSt fSarzyay {CAySYWIBREANNBEODASE LYyRSNMPBKS
| ST £ KO otn¥ mlddde d M

Mcy ®PNHzy (02 y 3¢ NBHZG YSSly UF f200 St NI & OF Nk && Sty$d A 3/ y@a
LIS LIRS O A Y A OF.f NAa 5FKS GRS yUININ MM NI APt B cHA MO ®

Mc pPNI &St SNEF yORIESY ASAIS R QA y A Ofk fa aBNIoIf A yAY 3B a R
Mm AY GKS GNBI GIVISHVYIA @IFE Sh NE @ HOif BlAdSE @ 2 V &
MOH®P

MTNPKE KAS 1{ NB BB sl f290 LR GSyoalf G2EAOAGE 2F R
oA202YLItaerADrte®de YSOKIFYA&DP OlYydRodYd®E K2 RE =

MTM®PEE ST WOO2 BoABWBYDHSIAY I LISLIBRSA a o0A2YI
SYHAVSAW)FEECSN\bﬂbéEYthanGNchp

MTHDE {ATT @ZA2¥IVYSHOI OPEYSE wBaASFEOI agd | §AWE
t MM®DA 2 YAYSo 3050 YH nlddo dy b P

MTo¢f1)\fTezsmasiéfsﬁfMmeJSyJéF“zSdzzNJMRS F2NJ NB3S
Sy I YWEtddNY | 2F RSydioH 0 WERLHB IMNOK S HAaMy O

MTnW|otraga($y)\z I Y Gt & Svedt Fy 3 LISLIBRSaA Ay N
FNBUOALFET SIFENIe& Syl YSt fSai2omSyRRO OWYLIZ2 NI
HAHMOGIMOY LIJP MpMOHO®

2F aStFfnlaasy

—_—)

<



hy

MTPp@&FIlIfKASEEI DOROUIRBAAKBTYPERFOS LIRS 2y { dz2NF |
FYR | I NRySaa 2W2dINFH OKER Ty OSL¥dd 0 Y ARFI (
TP

MT C ®F Noe2laNb y 4> P PYRBHYOSUY Il 6 @YR aiGNBy3aGdK 2y RS
LINGBNS I G YSYy G 6A0GK aStSORA@NYNE Y RyYWS NUKISA 2a/Sy0XK |
. SKIFE@GAZ2NI 2F . A2Y SR Qb Hrmavbni SNRA £ 83X HAamMy @

MTTOS5/ O®SEFYAYT g S5AAAYTSODY B NMETA NBY XSY¥ DI S {Fd
KJLIBYKKGS G POROPI2PKk2NI f KSI RARRNFEBETOOyAY 02y
SYPANP mAMNFG IS 4 dK § Y §

MTYy WwWdzS33S0o §NFHE (NP1 F2N F RKSaAazy (Saesy3a G2 i
f A G S NiddithdaNB o

MT POF NI KZI wo! &3 . oY d 5S5WNIEYYRAYREK A Ly RO SaidaStS [ ol A
bd2NBaOSyO0S I yR Sy Ihv(hi2 oKENI2HYANYSINT £ A &l a2y ¢

MYy NOF NI K wSl{dD 25B KIAILED SG6SSy fFaSN bdz2 NBEaO!
Ke L2 YAY SN 555 Hiex@ vionYyedud®d M p

MYy MOSNNBANI = ¢ oL YIRS W ddiand INFOS \WARENS A ¢ mipbp H O

My HID{ h HBhartR KBH 2 8 GKBRS { KSI NI . 20/ R a{mioNES y 3 (1 K
LYGSNYlFoa2y It hNBFYAT Fa2y FT2NJ {{l YRIFNRAT I o

My o®2y 3> DOBESH2 (dzatsy ¥OOWFAY I L a 'y Ayy20Fas
SOFtdzt ay3d RSyl f KWNRLIaE &/dESA R SPBR YLRIY T PH
noppced

Myn®iAiddzaz 5®X 9 WFYSa WSol KB BNyl dd O Sy
OKIF NI OGSNRT IZoENS SiV5S O KW KS&EA &> / KIF NI OGSNAI
bl y2LINBOPYSHE { KdzZl f I YR { @ LNo@MpM = 9RAG?2

My p W ROIFIN) {K22FSAZ ¢ { ®I{LBESHNS (K XKSakFR bR B
Iy OA2YSRAOFT | LILX AOI a2y LA RI MBFNHIf A @ F0

A2y E Y2 ¥l 6 ©NA I INK 2 dzY Ik yYWRD aMSYSAD | 5/11 W1jRdzIYKEE 9 R A
9faS®7\m\tImcn_J<D MO b

My c ®F NO®R2laNb Yy &> P PYRBPYOSYII 6 PYR aGNBYy3IGK 2y R
LINGBNEB I 0 YSY G gA0GK aSt SO @S oS YK NI f. MBAYSR
H N wyMbd LI HHvMDN

My TBFEgNROTFHZ ! ©@ KYBYASEIMNMEDTSRI KdzYly GSSGK |
Ay RSyiGlf NBASHENOK® wSO2YYSYRIa2yad 2y LINE
5Sy i aSR tpNaRHOLE YZrmlepin vy dp

My y f | f dzdzaSid Zf A3 ZOA @20 NE2ZRPWAlY SN2 A Rh&EY¥Ilea O NX
9dzNJ ! NOK t I SRiIHDONIy 3By P> HAMA D

My gt RF G fFX {d BRI RIPLY Gf &2 NNI §ER YAYSNI £ AT |
[ 2y GSYL) /[ Adp { 8AYIT = munpwyd®P { Hnc

MpntlFal Lz ! @3 ! @& 953 RSST I yURNIFtl SO aa2ddNIKKRE 32 3
Pf ONF a0 NHzOGdzNI £ / 2Y LI NIF a @S { GdzRewz2F | yiSN
aAONRaO | f (ddlodyNilzimi@ cnnmy @

MOMPAAKSY S | & 9IELIE NNy Siydidaf RAY S &do3dl a2y 2y (K¢
YSOKIFYAOIf 06SKI @A M. AR YSRNIEO (i B fiv BRAE DY Si1d
Mdmnnd

MpH @dzKf SYHYWYiIi2ZNIES YSRAdZY | YR By h R G RIY § & & ¢
MMMMT @

Mmpotat A {S
{2fde2y

N

OAf YAawm pz 9¢5¢z bACHES&Yy OGBOdNRFI{GR
& 2y aAyS I 2y 0Syid 2F 9yl YSt o


https://www.cdc.gov/oralhealth/infectioncontrol/faqs/cleaning-disinfecting-environmental-surfaces.html
https://www.cdc.gov/oralhealth/infectioncontrol/faqs/cleaning-disinfecting-environmental-surfaces.html

b

Mpn PiNI 6y {IDI9@ENFEAO2 NPT OKI y3ISEA Ay KdzYly RS
& 0 2 NI 3 S nake2t NiBA2OEBYY (hZ0 cMidXdrelLddd n M T

Mpp @t FNAY 1 I aIdWEY SNI # £ SR & NEDY R SHONIFSY IRNE] Y 2
5 dzii @BKSHPNIRE WA Sa woaD YHphddy @y H

M®pc ®F Nby 2 BABIZYy L {dZarSE 2% AEKS YAYSNIt O2YLl2ais
LISNXY I ySy#2¢2aNKHDIT & WHREYHIRI® nymep nd

MPT D22 RA&Z |¢9q>\/ﬂNmz¢2|¢yFamw&aK®tt§z“méézT ai2N) 38
SEGNI Oa2y 2F (KS GSSGK 2y IKNBYK yh NSty o.yAS2 LIS
OO0yuLYmldd pcwm

My ®LbO[ [LMZ / @3 [ ®R®/ da ® { HAIC OB hRINEE A yWR 2ayd/
NELINPRdAzOAOGATAGE 2F BAIBbERBAEY@Ya® RSGUSOG C

MppPpdzaaiz ! & wod5ILA DDORSKYYIR w¢ t2HLdOdzd = YSG K2 F
W 5SSy w6aI LOnLdm@dy /y n

HAnOF NI K wSiHs o2y 3 KAdI 6 SG6SSy fFaSN bdz2NBaosS
KeLR2YAYSNI2IANYH 42 & REY @G INBIROdwmp y O

HAMW2 Kyadz2ys 2 dad 2fy2R\NJ a-dy Rv SiANEFoyAad 1dzOSy O OK ' y .
OdzZNAYy 3 2F SaiKSoOSKNBAD2 M a@EIEK Y Y SRMypdpa o

HAHDEGFYS | & HyRYywddd SAEYIdIE®2y 2F NBaiAy Ayl
SGSO0 2y KeLRYAYSNId/A AR S yI oS b Y& XzNGF A nObrtder:

HnofPd NIzSNE ashmxndn HnnaunT ! GFEAELTOES FNRYY
KYQLIAYKK G 66 DA G NHzS NBE ©O2 Y wiSlydeit LNY RyEzdui1a®& @ dirk 33 K

HnnplalNﬁSZ{@mzuéﬁ)\$a¢&2 2LJ9Y)\TS ozyﬁxya 27
W2 dzNy' I £ 27F tISR?oInmI\bJVOnL&EDS@ﬁmaauNbZ HAHAO®

HAp®Fal KINFE2 YIIENKE2 Y § 28 yiRR VI SNSIYRK S0KS aeai
2y &KSIFN) Fla3dz2S RSyay 02YR AGNBYyIHXyd yR Y
al (S NIo dvHonOHYM daBJP M S @ 11

Hnc NI yif S 2 dh@WIKZER2VOOINVAKNBSEAET &Y aO0ASyosl
' YSNAOIY 22dzNyIFf 2F 2NIK2R2Y a1@de U WRLIR SoyTir
CTOO®

HATOAYYSYl S LWAWNRE SNIIKI2ZR2 Yo O 02YR AGNBYy3IIK |
FYR ¥ §hiEeRINMMOL Yy W2dzNY I 2F hNIK2R2yaOa |
H N mwiodrp O Y tclddw dc vSpo @

HNny OKEF @3 t & @3 5 WD  alKySlh ByiS Oly R FTWDIS@& Aty fAYYOK N
2EARI a @S LINBniNBIFGYSYyd 2y YAONRAKSI NI 62YyR
K& L2 YAY SN fLAYAISRNYS ol 2WS fftd 22 dzNy/ | £ H2d6Fn 0LY SR | |
HpmcT ®

HNPPAT £ AL Y AONE aKE HINKBR2 FRNBANBY DR YLI2aAGS (2
Y2EF N KELI2YAYSNI AT o2 )5Rded W3 5 YHIRYK S3in@ 3
H oM M P

HMaHIISE AZ{ G MO BdeNS f DY Rt HR Y YIHIMBET(2 | S{LBIRS ¢ I L
58yl YAO [ A3IKAN2 RIORNYS Qaizi/H8 D Y Hohyldymdd 1 y

HMmMBDIISEAZI A DN NOKADEPE0 S IFR | CGKNRIE SONB R A | &
LISLIOMEBESSE GFLISET NAOOBEFASSROAWHAAE aZT | YRS Ul IS
I OF RSYe 27F {dWAHSWOOYS aidih yHermgivpdr

HMHPRT OFAY +1 dziKSe wmMZI {d{ DX | AdaRy SD2af 3N &SE
FaasSyoft e 20FA (ASzZNBSL@®IRSEI G2 F2NY yly2iGdzmSa



https://www.struers.com/en/Products/Cutting/Cutting-equipment/Accutom

I

I

I

Mnn

MO (DK 9{ dzMF DO i InyA i HHKANKHAHNBT ! @FAfLFo06fS TNP
KJLIBYKKGISGPSOADP OPdz] K OKSW AKk&ASH NOKLR®PR2 KOK

Mn®F gl all 2 98By B SXD { AYEATtOS Wo/R S Syt i |
¢CAaadzsS /2yRAa2yaY t2f2YSNBKSYVvaRBBOowWS@Hhn8ad

Mp®SE 1 X 1905 OSidt AHE SDH Ty I mLISZLYo RRSNIIt KoavRveDy @ O (1 NX
AYRdAzZOSR Ol N®R dz& S ¥SM 2 WIEdd cy m D

Mc @2y OKS @35{ Sifdiba SYio fIAydTm ¥ SLIs RE2YMYSa O ! ISy i
WS YAYSNILEYAIISING/Z2Yo® y I £ W2dzNY I f 2F t SLIeRS wS:
HOHOY mMddr @&y

MT @F NOKS g1 X Woz Wo y{ |t RJalA®Es 2IFy R KISO SyNBYERS f XK ¢
YAGN®R a0l yy SN @S NEdyal KONB LE32AIA203 A & OrrSIING@ IRy S A =
LI® 1o mpmwm O

My DF NP G X adAdysS NIt IRSHSAAGE 27F Keé L2 Wiyt SNyt ARXMS R
DNRdzLISYSY G AYyOGSNYylFoe2ylf LI2dzNJ £ NBOKSNOKS
2R2Yy (02t 2% SEIPH B oo @

MPWNE SOGA{ESODYREKNE | A &Y Y I dNI 23 LYS\GOINER WS (f NeBa Alay
KELRYAYSNI AT SR Syl YSt AYNRHEYhNI LISNKRYSYQ
nNéoVY mbid HoO D

HNbd wod WSRYBXRA 2F 5 A NB GINRhaNTIKK 22R2dfNC . 22y TR A
2NIK2R2Y &3 X296 I ¢



https://www.ebi.ac.uk/chebi/searchId.do?chebiId=35195

MM

Appendi x A: School of Dent

Applicatmon Fo

Version 4 26 Aprl 2016

Application form and proposed Standard Operating Procedure for use of
tissue stored in the School of Dentistry Skeletal Tissues Bank

1. Application for use of Tissue from the School of Dentistry Skeletal Tissues Bank

Title of Project:
The effect-of self-assembling peptide on bonding strength of composite restoration of
defective enamel.

I Application number: l

| Lead applicant name: Sarah Aljuwaihel ‘

Co-applicant name(s) including supervisor{s): Dr Richard Balmer, Dr Robert Davies,
Dr Asmaa Taie

If yes, you are not required to complete an application for the Tissue Bank and must
usze animal les

If no, please justify why human samples are necessary for the study:

For this study, human teeth diagnosed with MIH are reguired, which were extracted
because of poor prognosis for erther elective or ortho treatment. Human teeth will be used
as there is no synthetic alternative that allows for the tissue replication to be able to
assess the bond stremgth of SAP in hypominerised enamel tissue.

| Can animal samples be used for this research project: YES/N l

Extracted teeth will be used in 2 groups: The first group is the negative control group,
which assesses compaosite restoration bond strength of MIH teeth, while the second group
is the tested group, to investigate seif-assembling peptide’s effect on the composite
restoration bonding strength in MIH teeth. In addition, sound teeth are required as a
positive control group, for both evaluation of the standard bond strength of composite

DS

Type of tizssue samples required:

[:‘Bone eeih I:I Other (please specify)

Type of teeth and numbers required:

Primary teeth {please insert number required in the appropriate box{es) below):
|:|Any |:| Molar |: Incisor |:| Canine

Permanent teeth (please insert number required in the appropriate box(es) below):

cllar [:I Premolar I:I Canine Dlncisur I:I Any

1
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Provide further details here if your request is more specific, e.g. third molar teeth:

Any human first permanent molar diagnosed clinically with MIH

Condition of teeth:

20 |Sound Other (please specify) MIH testh

Provide further details here if required:

Overall total of 75 slabs are needed for this research as total sample size. The total
number of teeth required will depend on how many oulcome samples (or ‘slabs’) will be
obtained from each tooth.

|:] Fresh Dry

If fresh teeth are required, please justify why this is necessary:

Part of tooth required:

I:] Pulp I:] Root Crown

Will any part of the teeth requested be useable by other researchers?

Mo because after sectioning the tooth the root might be damaged or destroyed and is
disposed

Provide the time period which tissue will be required? (e.g., numbers required per
week/month/year):
10 teeth per week

Brief summary of your project in lay terms:

MIH teeth are unhealthy, highly sensitive teeth that breakdown easily and hence need to
be restored and covered. One of the options o provide coverage is to place composile,
however, the weak bonding strength of composite on MIH teeth is an issue. To solve issue
SAPs will be used, and their effect on bonding strength will be invested.

I= this work part of an UG project? If yes, give details:
NO

Is this work part of a PG project? If yes, give details and title of degree:
Yes it is a part of my Professional Doctorate in Paediatric Dentistry

I= it intended that any tissue or parts of tissue (including cells grown on from
primary tissue samples) will be sent outside of University of Leeds/Teaching
Hoszpitals NHS Trust? If yes provide a contact name and addrezs (remember to
enclose a copy of the signed Tissue Transfer Agreement form if appropriate):

2
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NO

2. Standard Operating procedure for use and disposal of tiggue in this
project:

Where will the work be carried out? (e.g. Department and lab name/room number):
Bipengineering and Biomaterals Laboratory, Level 6, Worsley Medical and Dental
Building, Leeds Dental Institute and, Level 7, Wellcome Trust Brenner Building, 5t. James

How will the tissue be stored, including exact location and labelling details (it is
expected that all samples are suitably labelled with investigators name, date etc):
After Sectioning the teeth and prepanng of 75 slabs then mounting in resin blocks where
they will be stored in artificial saliva with labelled container with investigator's name, date
of collection and the same ID on it, in the cold room.

How will the tissue be disposed of?

Clinical waste I:I Returned to Tissue Bank

If dizposed by clinical waste, provide details:
Following university regulations - Hazardous/sharp waste.

How is the proposed work to be funded?
University of Leeds, funded by student research fees

How was the work scientifically reviewed? (e.g. details should include name(zg) of
peer reviewer(s) and/or supervisor(s) Dr Richard Ealmer, Dr Robert Davies . Dr Asmaa
Taie

How will the results of the work be disseminated?

Peer reviewed scientific journals Conference presentation
Inlernal report I:I Mo plans to disseminate results

[~ | other D Paed Dent Thesis

Provide additional details here:

Please ensure you attach a Protocol of your research study which includes a brief
description of the proposed work, highlighting the aims, objectives and methods that
will be used.

I have enclosed the following documents where required (please tick which
documents are being enclosed):

Cﬂ-mpleted Tissue Bank application form

Protocol
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Tissue Transfer Agreement (if material is to be sent outside of the University of
Leeds/Leeds Teaching Hospitals NHS Trust)

| confirm that the proposed work meets with the requirements of the Leeds Skeletal
Tissue Bank Policy and that the tissue released under the remit of this SOP will be
used for no other purpose.

Lead applicant (print name): Sarah Aljuwaihel

Signature: 9b

Date 2 T e

Supervisor approval:

Supervisor (print name): .. ... Robert Davies... ...

Ak

DAt

Signature: ...
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AppenEDat a cohslhescetti of the three
t hel AGN@nt Readings

Fesiie Caie] Diagodent reading NEZEIE Colire. Diagodent reading U e Diagodent reading
Group (SE) Group (MIH) Group (MIH +T)

1 3 1 87.4 1 87.4
2 4 2 87.8 2 90.2
3 6 3 98.6 3 99
4 1.6 4 98.8 4 87.8
5 4 5 87.2 5 99
6 7 6 99 6 85.8
7 3.2 7 98.8 7 99
8 3.8 8 87.6 8 87.6
9 5.8 9 87.8 9 98
10 35 10 87 10 89.4
11 1.6 11 78.8 11 99
12 3.6 12 86.4 12 98.4
13 2 13 87.6 13 88.2
14 4 14 98.4 14 97
15 6.2 15 98.2 15 99
16 4.4 16 83.2 16 99
17 8.2 17 87.8 17 99
18 2 18 87.8 18 99
19 2 19 99 19 98.8
20 2.4 20 98.2 20 99
21 3.6 21 99 21 98.8
22 34 22 88 22 88
23 24 23 70 23 87.8
24 4.4 24 88.2 24 88.6
25 4 25 99 25 97.8

Mean 3.84 90.74 94.42
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MIH teeth

Negative Control Tested Group
Group (MIH) Color shade Group (MIH+T) Color shade

1 M 1 M

2 M 2 M

3 3

4 4 [ m
5 5

6 6 M|
7 7

8 M 8 M|
9 M 9

10 M 10 M|
11 M 11

12 M 12 M

13 M 13 M

14 | s ] 14 M

15 M 15 M

16 - M 16

17 M 17

18 18

19 19 M

20 20 M

21 M 21 s |
22 M 22 M

23 | s | 23 v

24 M 24 M

25 M 25 M

M :Mild/Moderate Severity Leveland S : Severe Level

ou
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Appen@iData coll ecting sheet of
the three groups of the study.
Positive Control 8. E Negative Control H. E Tested Group H.E with SAPs
Group (SE) SBS (MPa) Group (MIH) SBS (MPa) Group (MIH+T) SBS (MPa)
1 11.1 1 1.6 1 53
2 9.6 2 212 2 53
3 10.6 3 1.1 3 43
4 74 4 28
5 19.5 5 32
6 9.7 6 4.1 6 36
7 682 7 1.7 7 42
8 9.5 8 2.2 3 4.6
9 124 9 1.5 9 6.8
10 72 [ 10 32
11 7.5 11 1.2 11 27
12 10.4 12 0.4 12 32
13 291 13 2.4 13 58
14 11.7 14 2.6 14 6.4
15 145 15 1.1 15 51
16 279 16 2.6 16 4.6
17 283 17 1.9 17 5.3
18 149 18 2.1 18 52
[ w [ | 10 0.8 19 58
20 1.7 20 0.9 20 3.0
21 9.6 21 1.3 21 43
22 12.9 22 1.1 22 4.4
23 16.4 23 1.3 23 20
24 13.2 24 1.3 24 34
25 11.8 25 1.7 25 82
Mean 15.8 1.7 4.5
excuded samples due to pretest faliure
samples were randomly selected for mineral density analysis using micro-CT




AppenidiData coll ection sheet of

of randomly selected teeth.

Positive Control Negative Control Tested Group with Pi14
Mineral density Mineral density Mineral density
g/cm3 SBS MPa g/cm3 SBS MPa g/cm3 SBS MPa
23 68 1.9 1.6 1.9 4.6
2.6 14.5 2.3 0.4 25 3.6
2.6 28.3 1.6 2.2 1.7 3.2
3.2 14.9 1.9 1.5 1.8 4.4
2.2 7.7 2.5 1.7 2.3 2

Mean 2.58 2.04 2.04
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Tooth enamel, the protective outer layer of the dental crown, is the hardest and most

mineralized tissue in the human body. Enamel’s unique mechanical properties arise from the
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