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ABSTRACT

STATEMENT OF PROBLEM:

Fixed partial dentures have gained widespread #mcee as a preferred
treatment approach for patients with partial tdo#s and since these restorations are
fabricated indirectly in a dental lab, they typlgagéntail a waiting period of several
days or even weeks for their finalization. Prouigibrestorations protect the integrity
of prepared teeth till the delivery of definitivestoration. In clinical scenarios such as
full mouth rehabilitation, cases related to tempoaadibular joint disorders, or
patients exhibiting parafunctional habits, it is@#tial that provisional restorations
possess robust mechanical properties tailored tiread these specific clinical
challenges. Commonly utilized materials for the stamction of provisional
restorations include polymethylmethacrylate (PMMAbdlyethyl methacrylate, Bis-
acryl composite (BAC) resin, and Epimine resinsrf&we roughness and hardness
stand as crucial attributes of provisional resteeamnaterials. Surface roughness plays
a vital role in deterring plaque buildup, and thsence of plaque attachment is a key
determinant of success for provisional fixed pres#s, consequently impacting the
overall success of definitive prostheses. Whersresistance to indentation, when
subjected to forces of mastication, is termed hesdnin recent years, there has been
a growing trend with nanomaterials due to theitidisive structure and properties.
Zinc, among various metals, has garnered signifiestention in the medical field,
primarily due to its antibacterial properties. Zidxide Nanoparticles (ZnO NPs)
represent a newer, highly regarded candidate, wi@dshployed owing to their

exceptional safety and advantageous physicocheamchbiomedical characteristics.
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Thus, this study was conducted to evaluate thectetie incorporating Zinc
Oxide nanoparticles into the provisional matertalsmprove the Surface roughness

and Hardness

AlIM:

To compare and evaluate the surface roughness andtidss of provisional

restorative materials after incorporation of Zingid® nanoparticles.

MATERIALS AND METHODS:

The provisional restorative material samples of abm 2mm were divided
into 2 main groups (DPI tooth moulding material a@cbtemp 4) and they were
further subdivided into three groups consisting 08b, 2% and 4% zinc-oxide
nanoparticles which formed 40 samples per group.SeEmples were fabricated out of
putty impression mold which was fabricated by endiegl wax specimens of same
dimensions. The samples after fabrication undenfieishing and polishing and were
subjected to surface roughness and hardness awvalu@ihe surface roughness was
evaluated using digital profilometer and the hasdneas evaluated by Micro Vickers
hardness tester. The average of the reading madeshlts, and they were subjected

to statistical analysis.

RESULTS:

The data from the study was entered into a MictoB&€el spreadsheet, and
the statistical analysis was performed. To expkhi@ data's underlying structure,
descriptive statistics were used. Independent tt-tems applied for comparison
between the two main groups. One way ANOVA and VigkPost-Hoc test was used

to compare within the main groups.



The descriptive statistics for surface roughnesghvivas measured between
group 1(DPI tooth moulding material) and group &{Emp 4) at 24 hours and 7 days
showed lowest mean for surface roughness was fougtbup 2 samples at 24 hours
which was statistically significant (p<0.05), arfiethighest value was seen with

groupl samples at 24 hours.

The results for hardness when compared betweegrthgps at 24 hours and 7
days showed that the highest VHN was found withugr®d samples at 7 days interval
and the lowest mean was observed with group 1 snghl24 hours. The results also
showed that there was an increase in the hardrigbe samples irrespective of the
groups with an increase in the storage time (p<0.06e evaluation of hardness
through independent t-test, showed a significacteiase in the hardness values

between group 1 and group 2 after storage in @etifsaliva for 7 days.

Among all the samples it was observed that groupahaples had the highest surface
roughness at 24 hours and the lowest values were \sé&h group 2b at 24 hours.
Among all the samples, it was observed that theress was highest in group 2

samples without nanoparticle incorporation.

CONCLUSIONS

« Group 1 samples exhibited notably higher surfaceghoess and lower
hardness values in comparison to bis-acryl resi@4 &ours and 7 days.

* Reinforcement of 2% ZnO nanoparticle resulted guoed surface roughness
values compared to both the control and reinforgemips between the two
main groups.

* Incorporating 2% ZnO nanoparticles led to a stiaiflyy significant decrease

in surface roughness values within group 1 samp&smples without
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nanoparticle incorporation within group 2 displayedtatistically significant
increase in hardness values compared to the readagroups.

* In conclusion, the addition of 2% ZnO nanopartickffectively reduced
surface roughness in provisional resins withoustauttially altering hardness

parameters.

KEY WORDS: Provisional restorative materials, surface roegisn hardness, Zinc-

oxide nanopatrticles, DPI tooth moulding materiagt®mp 4, conditioning.
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I ntroduction

INTRODUCTION

Fixed partial dentures have gained widespread #mcee as a preferred
treatment approach for patients with partial tolatss. Since these restorations are
fabricated indirectly in a dental lab, they typlga¢ntail a waiting period of several
days or even weeks for their finalizatibrAccording to GPT 10, provisional
prosthesis is ‘a fixed or removable dental prosthesr maxillofacial prosthesis
designed to enhance esthetics, stabilization, arfdfaction for a limited period of
time, after which it is to be replaced by a defugtdental or maxillofacial prosthesis;
often such prostheses are used to assist in dettion of the effectiveness of a
specific treatment plan or the form and functiorihaf planned definitive prosthesfs’.
During rehabilitation, these resins safeguard peodontal and pulp tissues till the
ultimate prosthesis is installed. These temporaegtarations should exhibit
commendable marginal fit, aesthetic appeal, anchévessary resilience to withstand
the demands of mastication. The choice of resirerias for provisional restorations

hinges significantly on their strength propertles.

In clinical scenarios such as full mouth rehalila involving a reduced
vertical dimension, the use of long-span bridgesges related to temporomandibular
joint disorders, or patients exhibiting parafunotib habits, it is essential that
provisional restorations possess robust mechapioglerties tailored to address these
specific clinical challenges. Additionally, patienpreferring dental implant therapy
typically require a healing period of three monthgnore. In certain situations, where
implant placement is combined with adjunctive phaes such as bone or soft tissue
augmentation, temporary long-span bridges may leessary to span across the

implant sites for durations ranging from severahths to up to a yedr.
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I ntroduction

Commonly utilized materials for the constructionprbvisional restorations
include polyethyl methacrylate, polymethylmethaatg| epimine resins and bis-acryl
composite resin. The dental materials used for ipimval FPD’s need to possess
sufficient strength to endure the forces exertatihduchewing, especially in patients
with parafunctional habits like bruxism or with eaits with long-span fixed
prosthesis. Polymethylmethacrylate resin is a feetjy employed material for
provisional restorations, with a primary drawbacking its relatively low flexural

strength, surface hardness, and surface rougfiness.

The most recent category of materials represeniedAC resins, share
similarities with composite resins employed in @nestorations. These resins are
composed of inorganic and organic fillers and eixhieduced shrinkage and
production of heat during polymerization compared other resins, resulting in
superior fit at the margins. They also offer satishry aesthetics and greater color
stability when contrasted with PMMA or polyethyl thacrylate€. The introduction
of composite provisional materials, such as Protgmneceded other options. These
possess enhanced strength, radiopacity, excellelor cetention, and the added
benefit of being repairable using other compositgemals. Protemp IV followed the
preceding generation of provisional materials, rofig increased translucency and

significantly improved ease of handling.

The provisional materials currently accessible fnectional, aesthetically
pleasing, and readily repairable. Practitionershary considerations revolve around
the ease of handling and the polishing proceskesfe materials Surface roughness
and hardness stand as crucial attributes of panasirestorative materials. Surface

roughness plays a vital role in deterring plaguédbp, and the absence of plaque
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I ntroduction

attachment is a key determinant of success for igional fixed prostheses,
consequently impacting the overall success of dafin prostheses. It has been
proved by various studies that dental materiald ternincrease the bacterial load and
hinder the oral hygiene methods because of incteaseface roughness valfes
Whereas the resistance to indentation, when sw#gjettt forces of mastication, is

termed hardness.

A growing trend in recent years with nanomaterid® to their distinctive
structure and properties. These materials find nskte application in ceramics,
resins, and metals within the dental field, preisgntample opportunities for
innovation and improvement in dental materials. €becept of nanotechnology was
initially introduced by Richard Feynman in 1959.e&ently, nanoparticles are
recognized for their significant potential in var®o medical and biological
applications. Inorganic metallic nanopatrticles, liing metal oxides like iron
dioxide, zinc oxide, cerium oxide and titanium axidas well as metals such as
copper, silver, iron, gold, magnesium, and quantlats like cadmium selenide and
cadmium sulphate, along with aluminum and siliconde, are employed, either
individually or in nanocomposites, to enhance tkatdl materials’ mechanical and

biologic properties of dental materiafs.

Zinc, among various metals, has garnered sigmifiagtention in the medical
field, primarily due to its antibacterial propegieZinc Oxide Nanoparticles (ZnO
NPs) represent a newer, highly regarded candigatiely employed owing to their
exceptional safety and advantageous physicochewteafcteristics. Moreover, ZnO

NPs, owing to its strong biocompatibility, costexftiveness, higher stability and
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I ntroduction

lower toxicity, demonstrate substantial ability ftiverse applications in biomedical

field.1°

Thus, this study will evaluate the effect of incomrting Zinc Oxide

nanoparticles into the provisional materials to liaye the Surface roughness and

Hardness.
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Need for the Study

NEED FOR THE STUDY

One of the prevalent challenges encountered by hsrgatooth loss. Traditionally,
missing teeth is replaced with removable dentutesjplete dentures, fixed partial
dentures, and implants. Fixed partial dentures, lat®wn as bridges, are permanent
prosthetic devices that replace teeth which aresimgsby gaining support from

adjacent natural teeth / implarifs.

The role played by provisional restorations is thaost importance in the field of

fixed prosthodontic treatment. The term provisiopabsthesis is frequently used
interchangeably with the term interim prosthesisege restorations either removable
or fixed, are designed to improve esthetics, statibn and function, for a temporary
time period. These restorations serve a limitedatiiom before being replaced by a

permanent prosthesis.

Temporary restorations are employed as an aidagnaisis in cases where there is a
need to correct occlusal planes which are irregadjust the vertical dimension of
occlusion, or in planning of alterations in the wam and location of the gingiva.
Additionally, provisional restorations assist inswalizing and assessing changes
related to the colour, size, shape of the defiaitigstoratiort’ In critical scenarios,
provisional restorations play a major role in tiverall treatment planning process. It
is essential that these provisional restorationtirretheir structural integrity
consistently throughout both the diagnostic as asllthe restorative phases of the

treatment?®

An accurately fabricated provisional FPD must oféerglimpse of the upcoming

prosthesis while promoting the well-being of abutitseand periodontiurtf
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Need for the Study

In terms of their composition, the materials can dbassified into four groups:
urethane dimethacrylate, polyethyl or butyl methkate, polymethyl methacrylate,
bisphenol A-glycidyl dimethacrylate composite reSihPMMA resins are cost-
effective and offer advantages such as good ctddniligy, accurate marginal fit, and
excellent polishability. Nevertheless, they comdhwiertain limitations, such as
exothermic heat produced during polymerizationfeased polymerization shrinkage,
decreased strength, diminished resistance to veear,the potential for irritation to
periodontium and pulp due to the presence of extessnonomer&In recent years,
there has been widespread use of Bisacryl comppsité@sional resins due to their
superior characteristics compared to traditionalM™Mresins. These advantages
include reduced polymerization shrinkage, lower te&omic reaction, improved

surface hardness, and ease of manipulafion.

Temporary restorations endure the impact of fod@$ng chewing and necessitate
distinct mechanical properties which enable them withstand the repetitive
functional forces in the oral environment. Therefoto anticipate a material's
performance, it is crucial to understand their naeital propertie$’ Dental materials
must sustain properties which include their ability be polished and retain that
polish, ensuring a surface quality that avoids sirdele biological interactions and
bacterial plaque adherence to restorative matefiadsofilms play a central role in
causing carious lesions, gingival and periodontaeases, and reducing surface
roughness of restorative biomaterials can minintizeir retention. Experimental
findings suggest that maintaining a surface rougbrelow 0.2um for any dental
material significantly decreases the likelihood tifcterial adhesioff. A smooth
surface contributes to clinical durability, optimaésthetic appearance, improved

optical compatibility with that of enamel, surfaglss, and prevents staining and
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Need for the Study

discolouration of the restoratiéh The hardness of a material serves as an indiotor
its wear resistance, thereby diminishing the riskerforation and playing a crucial
role in preserving the integrity of the materiatgructure of restorations over an

extended period

Technological advancements have led to the adomfomarious techniques and

materials aimed at enhancing the characteristid®\Wif1A.%> These methods involve

incorporating different fibres, like polyethylerglass fibres and carbon fibres, along
with various nanoparticle$. Additionally, the modification of these particlés

achieved through pre-impregnation with silane cimgpagents or resin monoméfs.

Nanoparticles are minute solid particles withinaage of 1 to 100 nm, employed to
enhance the dental materials’ mechanical propétti€srengthening dental polymers
involves the incorporation of various nanoparticlexluding zinc, titanium, and
aluminum? Zinc, an indispensable trace element, is presevaiiious bodily tissues,
including hard tissues of tooth, muscle, skin, bofiée reason for which
nanoparticles have a widespread use in dentistrgttidbuted to their distinctive
morphological, magnetic, electrical, mechanical, otpbhemical and catalytic
properties which are readily customized. Alteragiaman be made by adjusting the
size, incorporating additional compounds throughini@, or modifying the synthesis
conditions. It is noted that as the particle sieerdases, the desirable characteristics
tend to improve. ZnO nanoparticles have provemdogase the mechanical properties
as well as having excellent antimicrobial effectompincorporation into dental
materials without having any cytotoxic effeftsati et al conducted a study in which
he found that ZnO NP’s with 1% and 2% concentratiosorporated in self-cure

acrylic resins showed improvement in the flexutedrsgth significantly’*
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Need for the Study

Prior research has focused on assessing the impladhcorporating various
nanoparticles to augment the mechanical charatitsriof provisional resins.
However, there exists a gap in comparative invattgs regarding the Zinc oxide
nanoparticle incorporation to enhance the surfabaracteristics of provisional
restorative resins. Hence, the current study wasdwcted to address this gap,
specifically comparing two self-cure provisional teréals, DPI tooth moulding
material, and Protemp 4, the evaluation focusinguniace roughness and hardness
after incorporating 2% and 4 % Zinc oxide nanop#as into the provisional resins at

both 24 hours and 7 days of conditioning.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS:

» There is no change in the hardness and surface roughness of the provisional

restorative material after incorporation of zinc oxide nanoparticles.

RESEARCH HYPOTHESIS:

» There is change in the surface roughness and hardness of the provisional

restorative material after of zinc oxide nanoparticle incorporation.
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Aim and Objectives

AIMSAND OBJECTIVES

STUDY AlM:

To compare and evaluate the surface roughness and hardness of provisional

restorative materials after incorporation of Zinc-Oxide nanoparticles.

OBJECTIVES:

1. Evaluating the surface roughness and hardness of DPI tooth moulding

material and Protemp 4 in wet conditions at 24 hours and 7" day interval.

2. Comparing the surface roughness of DPI tooth moulding material and
Protemp 4 after incorporation of 2% and 4% Zinc-Oxide nanoparticles in wet

conditions 24 hours and 7" day interval.

3. Comparing the hardness of DPI tooth moulding material and Protemp 4 after
incorporation of 2% and 4% Zinc-Oxide nanoparticles in wet conditions 24

hours and 7th day interval.

4. Evaluating and comparing the surface roughness and hardness of DPI tooth
moulding materiad and Protemp 4 with increasing concentrations of Zinc-

Oxide nanoparticles in wet conditions 24 hoursand 7" day interval.
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Review Of Literature

REVIEW OF LITERATURE

1. Dixon et al (1995)conducted an in-vitro investigation using Triad VLC
provisional restorative resin incorporated withsgldibers as their test group
and without fibers for the control group to evatugite mechanical properties
of provisional restorative resins. It was foundttltzere was no significant
difference in the modulus of rupture, but a sigmifitly greater mean flexural
elastic modulus with fiberE.

2. Diaz and Arnold (1999) conducted an investigation evaluating the
microhardness of five provisional materials. Cytindl samples of bis-acryl
resin composites and methyl methacrylate acrysingewere fabricated and
stored for 14 days. Knoop hardness was measurdtb@ after fabrication
and three microhardness measurements were obtdingds concluded that
all the bis-acryl resin composite materials exliisuperior microhardness
over traditional methyl methacrylatg.

3. O B Abouelatta et al (2006)in their in-vitro study evaluated the surface
roughness and microhardness of two provisionahsese., Protemp Il and
Trim-PEMA at 24 hours, 1, 2 and 3 weeks after ipooating it in 37
deionized distilled water which constituted the gg®up and the ones without
incorporation, stored in distilled water formed tduwntrol group. It was found
that at 24 h, the surface roughness was recordédovg-acrylic-Protemp 1l as
higher than methacrylate materials. No significadifferences of
microhardness between TrimR -PEMA and bis-acrytatémp Il were
recognized at 1, 2 and 3 weel$ie microhardness values increased with the

increase of surface roughness and vice versa im bainR -PEMA and bis-
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Review Of Literature

acrylic-Protemp 1. It was seen that both surfameghness and microhardness
were affected by water storage. Bis-acrylic-Protdhgvealed better results
in hardness than methacrylate resins, whereas THRIREMA had better
surface roughness.

. Markus Balkenhol et al (2007)conducted an investigation which examined
the flexural strength and flexural modulus of 4vsmnal crown and bridge
materials (Trim, Luxatemp AM Plus, Luxatemp AM Pl&®lar and Cool
Temp Natural) after mixing using different curingeamanismsThe study
found that the chemical nature and curing mechasigmificantly influenced
the mechanical properties, but the curing mechandisappeared at
progressive points in time after mixing. Composésin-based materials were
preferred due to their favorable mechanical proggrtwhile dual-curing
provisional materials were recommended for highlmeial strengtf®

. Vaibhav Deorao Kamble et al (2012)conducted a study to compare the
flexural strength of polymethyl methacrylate (PMMAand bis-acryl
composite resin (Protemp [V) reinforced with polydéne and glass fibers.
Results showed that PMMA had significantly lowexiliral strength than bis-
acryl composite resin. Glass fiber reinforcementdpced higher flexural
strength for both resins, while polyethylene fibestsowed no significant
difference. Silane impregnated glass fibers showleel highest flexural
strength for bis-acryl composite resin. The studpatuded that glass fibers
may be an effective method for reinforcing prousib restorative resins,
especially when aesthetics are important.

. Ronald E. Kerby et al (2013)conducted an in-vitro evaluation of flexural

strength, flexural modulus, work-of-fracture, andeMull parameters of 6
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Review Of Literature

provisional resins (NuForm, Tuff-Temp, Turbo Temp Rrotemp Plus,
Integrity, Temphase) after storage in distilled evebr 1 hour and 24 hours.
Results showed that 24-hour flexural strength degufal modulus values
were significantly higher than 1-hour values. Thetliane Tuff-Temp showed
higher 1-hour FS and FM, while bis-acryl ProtemmusPkhowed greater
flexural strength and work-of-fracture. There wasdecrease in the flexural
strength and modulus of, Turbo Temp 2, Protemp,A\wg~orm after 24
hours®’

. T Takamizawa et al (2014)conducted in-vitro research which aimed to
evaluate the flexural properties and erosive wehakior of provisional resin
materials. Three bis-acryl base resins [Protemps RRP), Integrity(IG),
Luxatemp Automix Plus(LX)], and a conventional PMM@ésin, UniFast Il
(UF) were evaluated. A resin composite, Z100 Resite, was used as a
benchmark. The materials were subjected to wealleciges of 25,000,
50,000, 100,000, and 200,000 cycles in a wear sitoul The results showed
that all three bis-acryl base provisional resinB,(R5, and LX) demonstrated
significantly higher values than the PMMA resin (U flexural strength and
elastic modulus. Z1 demonstrated significantly kigfexural strength and
elastic modulus than the other materials tested.fifdings provided valuable
information on the flexural properties and relativeear behavior of
provisional resing®

. May L. Mei et al (2015) investigated the impact of heat treatment on the
physical properties of four resin-based restoratiaterials: Duralay, Trim I,
Luxatemp, and Protemp 4. The materials were teste2B, 37, or 60°C for

flexural strength, surface roughness, color changd, marginal discrepancy.
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The study showed that flexural strength remainathanged at 23°C or 37°C,
while surface roughness and marginal discreparmeased at 60°¢.

Egle Mickeviciute et al (2016)in their study evaluated staining solutions'
effects on color stability and roughness of prausil resin materials. Three
materials were tested in cola and coffee for 1 dndveeks, with 240
specimens used. Results showed coffee had thestigkevalues, while the
AE values were highest for unpolished and polishisdabryl resin. Time

factor influenced color stability, with the highd&a values in col&

10. Ankita Singh et al (2016)conducted an investigation to evaluate and compare

11.

the flexural strength of six temporary crown anddgpe materials available
commercially. The materials tested included threly pnethyl methacrylate-
based materials (DPI, SC10 and Trulon) and threebiylic-based composite
resins (Protemp, Cooltemp, Luxatemp). After 72 speas were fractured
and repaired, it was seen that the flexural sttemgtthe repaired samples
decreased. The study found that the strength ofbtkeacrylic composite
resins decreased significantly after repair, wtile strength of the poly
methyl methacrylate-based materials remained sindta24 hours and 8
days™

Marianthi Topouzi et al (2017) conducted a study to evaluate the fracture
toughness of the PMMA provisional materials reiném with neat silica
nanoparticles and trietoxyvinylsilane-modified i nanoparticles for fixed
interim restorations. Composite PMMA-Silica nandjzde powders were
mixed with PMMA liquid, and compact bar-shaped s$pens were
fabricated. Fracture toughness was remarkably higeen control, with a

tendency to decrease with filler concentration. &yic mechanical properties
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were affected, with increased silica nanoparticdatent increasing storage
modulus and shifting Glass Transition Temperatttggher temperatures.

12.Elzbieta Celej-Piszcz et al (2017)xonducted a study to determine the
mechanical properties of eight marketed temporéliggd materials. Samples
were prepared and stored at 370°C for 7 days. &selts showed composite
temporary materials had significantly better meatenproperties in flexural
strength and Vickers micro-hardness tesfthg.

13.ivian Verena Maia Tupinamba et al (2018)in their study evaluated the
surface roughness of bis-acrylic and acrylic resinder different polishing
methods. Fifty samples were divided into five greupnpolished, abrasive
tips, goat hairbrush, diamond paste, and silicagpe tenhance). The results
showed that the lowest roughness values were inf340(goat hairbrush and
diamond paste), while the highest values were iou@r5 (enhance). It was
also found that biscrylic resins exhibited significantly smoother fages
than the acrylic resir$.

14.Daniela Astudillo-Rubio et al (2018)conducted a systematic review and
meta-analysis aimed to compare the mechanical grepef dimethacrylates
and monomethacrylates used in fabricating provaiorestorations. The
review followed PRISMA guidelines and analyzed 28@icles. After
removing duplicates, 24 articles were includechia qualitative synthesis and
7 in the quantitative synthesis (meta-analysis)e Tesults showed that
dimethacrylate-based provisional restorations hetteb mechanical behavior
than monomethacrylate-based ones in terms of #arength and hardness.

However, fracture toughness showed no significifferénces’
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15.Vignesh KC et al (2020)conducted in-vitro research to compare the fractur
toughness of pedo shade packable composite redifPiamemp 4 when used
inside a strip crown to restore primary incisoi®.eXfoliated non-carious teeth
were divided into two groups. The resin was pacdked strip crowns, while
Protemp 4 was filled and autopolymerized. The stsiggwed that the mean
force required to fracture strip crowns was higivéh Protemp 4, but there
was no significant difference in fracture toughniessveen the two grouffs.

16.Pooja Agroya et al (2020)conducted an investigation which aimed to
compare flexural strength and hardness of four ceroially available
provisional restorative resins for fabricating e fixed partial restorations
in dental clinics. The study used four resins: BEIf-cure tooth molding
powder (PMMA), SNAP (EMA), Protemp 4 temporizationaterial (Bis-
acrylic composite), and Revotek LC (urethane dimetylate resin). After 8
days of immersion, the results showed that Group(R@otemp) had
significantly higher flexural strength and hardnéss

17.Sultan Aati et al (2021)conducted an in-vitro investigation evaluating the
effectiveness of loading functionalized ZrO2 namtipkes in 3D printed
acrylate ester-based resin for accelerated agingrtificial saliva. The
composites were characterized using TEM and Rareatrggcopy, and their
mechanical and physical properties were evaludld. results showed that
the composites were more ductile, with the higliegfree of conversion and
maximum strength at 3 wt.% addition. Overall projesrwere significantly
enhanced after 3 months of agiffy.

18.Laetitia Gantz et al (2021)in their in-vitro study investigated the surface

roughness and morphology of six bis-acryl and twtA provisional resins
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after subjecting it to two step polishing systemwhs seen that Protemp 4
showed the least surface roughness and Unifast $hagdved the highest
surface roughness values. On SEM analysis it wasdfdhat the increase in
the surface roughness values was due to the filgicles and that a positive
relation between fillers and roughness was asseSsed

19.Rashin Giti et al (2021)conducted an in-vitro study evaluating the surface
roughness, plaque accumulation, and cytotoxicitypwvisional restorative
materials fabricated using conventional, digitabtsactive, and additive
methods. The results showed significant differeneesong the groups.
Surface roughness was higher in the conventior@aipyrwhile the additive
group had higher bacterial attachment. The addigrxeup had higher cell
viability than the subtractive group, but the camv@nal group was not
significantly different. Surface roughness was bighin the conventionally
cured group, but the additive group had the moatye accumulation and
lowest cytotoxicity >

20.Emad Azmy et al (2022)conducted an investigation examining the impact of
nanoparticles (ZrO2, TiO2, and SiO2) on the flekus&rength, impact
strength, hardness, and wear resistance of acegdio denture base material.
The specimens were divided into four groups based r@anofiller
concentrations: unmodified, ZrO2, TiO2, and SiO2 &anvo subgroups based
on the concentration of nanoparticle incorporai®% and 7%). The results
showed significant increase in flexural and impatength, hardness, and
wear resistance, except for the T7 (7% TiO2 comaéinh) and S7(7% SiO2
concentration). The study also found a significemhancement in wear

resistance, except for the T7 and S7 grotps.
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C Pushpalatha et al (2022konducted a review in which the significance of
nanotechnology in modern material science, pagitylits application in
dentistry has been discussed. It highlights Zindd®xNanoparticles (ZnO
NPs) as metal oxide nanoparticles with versatilemgdical applications.
These applications encompass various benefitsudim enhancement in
antimicrobial, regenerative, and mechanical propertlt outlines specific
uses of ZnO NPs in dentistry, such as enhancingikibacterial properties of
restorative materials, acting as an anti-sengtiviigent in toothpaste,
combating pathogenic oral microflora, coating deirtgolants, improving the
antifungal effects of denture bases, remineraliziagtinal lesions, enhancing
the stability of local drug delivery agents, andestdiverse application¥

Eda Eslemez Topcu et al (2022)n their study evaluated the performance of
surface sealants for Streptococcus mutans adhesidnsurface roughness
against chewing forces on interim prosthetic materiTwelve specimens
were fabricated from polymethyl methacrylate and-dwryl interim crown
materials and divided into four groups based orfasear treatment. Surface
roughness values were measured before and afteandgnloading in a
chewing simulator. Results showed that surface asealapplication
significantly decreased surface roughness comgarednventional polishing,
except for Optiglaze or BisCover LV applied Protedhpand Palaseal or
Biscover LV applied Tempofit. A positive correlatiovas found between
surface roughness values and Streptococcus metans.

Saeed J. Alzahrani et al (2023) the systematic review they conducted of 19
studies which examined the mechanical propertie3Dsprinted provisional

resin materials for crown and fixed dental prostheResults showed higher
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hardness, smoother surfaces, less wear volume ksd, higher wear
resistance with 3D printed resins when comparedotoventional or milled
materials. It was concluded that 3D-printed pranisil resin materials had a
promising option for fabricating provisional crowasd FDPs>*

24.Mostafa Ehsan Al-Douri and Mohammed Mouyad Sadoon 2023)
conducted in-vitro research to evaluate the impagicorporating Zinc Oxide
(ZnO) nanoparticles to 3D printed denture basenre&esults showed
significant increases in flexural strength, witre thighest strength at 3%
concentration. Shore D hardness remained unaffdayethe nanoparticles'
additions. However, all concentrations resultedaigignificant reduction in

surface roughnes®,

25.Hafsa Al Idrissi et al (2023)conducted a study to evaluate and compare the

flexural strength of four commonly used provisiomakin materials: cold-
polymerized PMMA, heat-polymerized PMMA, auto-polgrized bis-acryl
composite, and light-polymerized urethane dimetlate resin. The mean
values showed that heat-polymerized PMMA had tigddst flexural strength,
while light-polymerized urethane dimethacrylateimebad the lowest. No
significant differences were found in the flexuratrengths of cold
polymerized PMMA, hot polymerized PMMA, or auto-aisryl composite>®
26.Hatice Defne Burduroglu et al (2023)in their in-vitro test examined six
provisional restoration materials for mechanicaérsgth, surface roughness,
and discoloration tests. The strongest groups meident and Protemp 4.
Microhardness and surface roughness evaluation esthamethacrylate resins

were stronger than other groups. As for color $tgbi polymethyl
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methacrylate groups were found to discolor less thitner groups. Revotek
LC and Protemp 4 showed clinically unacceptatifevalues AE > 3.3)>’

Priya Gupta et al (2023)conducted an investigation to evaluate and compare
the flexural strength of heat polymerized PMMA peienal restorative resin
reinforced with different percentages of silanizedrconium oxide
nanoparticles. The study involved sixty heat cuRMMA resin specimens
which were divided into four groups. Three pointnteg tests were
conducted on each group, and the mean flexuraigitievas calculated. The
results showed that the maximum strength was addaiyy reinforcement with

2.5% silanized zirconium oxide nanoparticfés.
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MATERIALSAND METHODS

DATA SOURCE/LABORATORY DETAILS:

This particular in-vitro study was carried out in-

 KLE Academy of Higher Education and Research, KLEKV Institute of

Dental Sciences, Belagavi.

* Department of Prosthodontics and Crown & BridgeFer(fabrication of

provisional restorative specimens.)

* KLS Gogte Institute of Technology, Belagavi — (Feraluation of surface
roughness and hardness)
» Raghavendra Spectro Metallurgical Laboratory, Béorga- for evaluation of

Hardness.

SAMPLE SIZE ESTIMATION:

* At 95% confidence and 80% power, the sample sizeegtimated to be,

2
— (zl—nfz"’zl—ﬁ) (spf+sD3)

n —
(Z,—%3)2

=40

Were,
Z-o/> = a-error at 5% = 1.960
Z-3 = power of test at 80% (20ferror) = 1.64
(SD? + SD?)? = (2.68% + 0.8?)

(x; —%,)%? = (10.92- 12.1%
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SAMPLE DISTRIBUTION:

( DPI tooth moulding ( Protemp without Zinc—\
material without Oxide nanopatrticles.
nanoparticles. (n=40) (n=40) (2a)
1A o

GROUP :

GROUP 2 Protemp with 2%

DPI tooth DPI tooth moulding Zinc-Oxide
moulding ™| material with 2% Zinc- Protemp 4 |\ | nanoparticles. (n=40)
material Oxide. (n=40) (1b) 2b)
N J
( h mouldi é
DPI tooth moulding Protemp with 4%
material with 4% Zinc Zinc-Oxide
Oxide nanoparticles. nanoparticles. (n=40)
n=40) (1c
| (0=40)( (20)

N

INCLUSION CRITERIA:

» Provisional material specimens of size 15mm x 2merewincluded in the
study.
* Specimens free of voids.

» Specimens free of surface irregularities.

EXCLUSION CRITERIA:

» Specimens with surface defects and deformities.
* Specimens with inaccurate dimensions.

* Specimens with porosity.
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MATERIALSAND METHODOLOGY:

Materials: (Figure 1)
1. DPI tooth moulding material (self-cure)
. Protemp 4.

. Zinc-Oxide nanoparticles.

2
3
4. Polyvinyl siloxane impression material.
5. Modelling wax.

6. Artificial saliva.

y

. Wet grit sandpaper.

Armamentarium: (Figure 2)
1. Analytic balance.
2. Digital profilometer.

3. Micro Vickers hardness tester.

Page 23



Materials And Method

METHODOLOGY:

DETAILSOF THE PROCEDURES CONDUCTED DURING RESEARCH:

Fabrication of DPI tooth moulding (self-cure) mé&#é&samples:

According to ADA specification number 27, wax blsckf 15mm x 2mm were
fabricated to give 40 samples in each group. A nodlpolyvinyl siloxane impression
material was obtained by embedding these wax blaaksit. DPI tooth moulding

material was incorporated into the mold by mixing:4 ratio of polymer powder and
monomer liquid (control group). Nanoparticles @fes30-50nm were weighed and
incorporated into the polymer. Then a 3:1 ratiopofymer powder and monomer
liquid were incorporated into the mold and waswaéld to set (reinforced group). The
retrieved samples were finished and polished usivet grit sandpaper and

conditioned in artificial saliva for 7 days. (FiguB)

Fabrication of Protemp 4 samples:

According to ADA specification number 27, wax blsckf 15mm x 2mm were
fabricated to give 40 samples in each group. A nabldolyvinyl siloxane impression
material was obtained by embedding these wax bldaoks it. Protemp 4 was
incorporated into the mold directly using autopofyining gun and tip (control
group). Nanoparticles of size 30-50 nm were weighed incorporated into the base
and catalyst paste and mixed uniformly using adaand incorporated into the mold
and were allowed to set (reinforced group). Theeetd samples were finished and
polished using wet grit sandpaper and conditiorredriificial saliva for 7 days.

(Figure 4)
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Evaluation of surface roughness:

The retrieved samples were subjected to surfacghrass evaluation. It was carried
out using a Profilometer. The samples were kepgigraticular, and the readings were
measured by passing the stylus over the lengthh@fspecimens. Each disc was
measured for three readings consecutively andwbeage of them formed the results.

These results were subjected to statistical arsl{Sigure 6)

Evaluation of hardness:

The retrieved samples were subjected to evaluatfamardness. It was carried out
using Micro Vickers hardness tester. Here, a IdatDg was applied onto the surface
of the samples and an indentation was made usilignaond indenter for 10 seconds.
Each disc was measured for three readings congelyuand the average of “them
would form the results of the study”. These reswlisre subjected to statistical

analysis. (Figure 7)
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FABRICATION OF DPI TOOTH MOULDING MATERIAL SAMPLES:

According to ADA specification number 27, for eapioup, wax
block with 15mm x 2mm dimension were made to gi@esdmples in
each group.

A 4
A mold of polyvinyl siloxane impression material svabtained by
embedding the wax blocks in it.

|

DPI tooth moulding material was poured into the adnwith a spatula
by mixing 3:1 ratio of polymer powder and monomauid, in a
silicone mixing cup. (Control group)

|

Zinc Oxide nanoparticle powder of 30-50 nm size wagghed and
incorporated at different concentrations into tbg/mer powder.
Then 3:1 ratio of polymer powder and monomer liquete mixed

and incorporated into the mold. (Reinforced group)

|

DPI tooth moulding samples retrieved, were finishad polished
using wet grit sandpaper. The polished samples warditioned in
artificial saliva for 7 days.
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FABRICATION OF PROTEMP 4 SAMPLES:

According to ADA specification number 27, for eapioup, wax block
with 15mm x 2mm dimension were made to give 40 dasipm each

group.

|

A mold of polyvinyl siloxane impression material svabtained by
embedding the wax blocks in it.

|

Protemp 4 base and catalyst paste were directiedsed into the
mold using auto polymerizing gun and tip. (Congaup).

\ 4
Zinc Oxide nanoparticle powder of size 30-50 nm waghed and
incorporated at different concentrations into thedband catalyst paste
and spatulated uniformly and incorporated intorttoailds using a
spatula. The specimens were allowed to set. (Readbgroup).

\ 4
Protemp 4 samples retrieved, were finished andlpedl using wet gri
sandpaper. The polished samples were conditionadifitial saliva
for 7 days.
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SURFACE ROUGHNESS ASSESSMENT:

Surface roughness of the samples was evaluatedioaé@ishing and
polishing of samples was completed.

|

Surface roughness measurement was carried outligital
Profilometer.

|

Samples were kept perpendicular to the profilomé&eadings were
measured by passing the stylus over the lengthropkes.

|

Surface roughness of each disc was calculated feadings
consecutively. Average of each, formed the valoestrface
roughness.

|

The difference in the values of surface roughnessadd the results
for the study. Results were subjected to statistioalysis.
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ASSESSMENT OF HARDNESS

After finishing & polishing of samples, surface tiaess of the
samples was evaluated.

|

The hardness was evaluated using Micro Vickersrtemslitester in
which a 50g load was applied on surface of sampudieas indentatior
was made on the surface of sample using diamorehiedfor 10 sec|

|

Hardness of each disc was calculated for 3 readiogsecutively.

|

The difference in the values of surface hardnessadd the results fol
the study. Results were subjected to statisticallyars.

FLOW CHART ON METHODOLOGY::
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Fabrication

of samples.

I

Finishing and po

lishing of samples.

\
DPI tooth moulding
material without
nanopatrticle (1a

GROUP 1 DPI tooth moulding
DPI tooth material with 2% Zinc-
moulding Oxide nanoparticles

mataria

(1b)

DPI tooth moulding
material with 4% Zinc
Oxide nanoparticles

Protemp without
Zinc-Oxide
nanoparticle (2a'

GROUP 2 _
Protemp with 2%

Zinc-Oxide
nanopartiles (2b)

Protemp 4

J

Zinc-Oxide
nanoparticle (2c)

N
Protemp with 4%

(1c)

Evaluation of surface roughness and hardness.

A\ 4

Surface roughness was evaluated using a profilonfReadings were
measured by passing the stylus over the lengthropkes.

|

The surface hardness was evaluated with Micro VYeckardness tester, in
which a 50 grams load was applied on surface opaand an indentation
was made on surface of sample using a diamond texdEr 10 seconds.

!

The study examined how the hardness and surfaghness of two
provisional resins differed. After obtaining theué#s, statistical analysis wa
performed to assess their significal
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FIGURE 1: MATERIALSAND METHODS
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Artificial saliva. Modelling wax.

-

Wet grit sandpaper.
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FIGURE 2. ARMAMENTARIUM

Micro Vickers hardness tester.
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FIGURE 3: FABRICATION OF DPI TOOTH MOULDING SELF-CURE

SAMPLES.

Wax blocks of 15mm x 2mm thickness were fabricaaed the thickness was
measured using a wax gauge. Then these were imatepointo a mixture of

polyvinylsiloxane impression material to form maailtbr fabrication provisional

acrylic samples. Then the wax blocks were remoVée@. polymer and monomer
were blended together and then poured into moldgiass slab was employed to
exert pressure, ensuring consistency across alplsamAfter setting, the samples
were retrieved and underwent finishing and polighprocedures. For the test
groups, the nanoparticles were weighed in the &nabalance and incorporated
into the polymer powder to give 2% and 4% incorpeataZnO nanoparticle

samples.
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FIGURE 4: FABRICATION OF PROTEMP 4 SAMPLES.

Wik 24 ZR0 namoprticies.

With £% 2okt namoparicles

Wax blocks of 15mm x 2mm diameter were fabricated ¢éhe thickness was
measured using a wax gauge. Then these were imabedointo a mixture of
polyvinylsiloxane impression material to form masibr fabrication of Protemp
4 samples. Then the wax blocks were retrieved. béEs® and catalyst paste were
dispensed onto a glass slab, mixed thoroughlytleewl transferred into the molds.
Pressure was applied using a glass slab to ensasistency across all samples.
After setting, the samples were retrieved and umeéet finishing and polishing
procedures. For the test groups, the nanopartieére weighed in the analytic
balance and incorporated into the base catalyste pas give 2% and 4%
incorporated ZnO nanoparticle samples.
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FIGURE 5: TOTAL SAMPLESFABRICATED.

FIGURE 6: EVALUATION OF SURFACE ROUGHNESS.

DPI tooth
Protemp 4 moulding
material

Control

With 2% ZnO nanoparticles.

With 4% ZnO nanoparticles.

After finishing & Surface roughness
polishing of samples, measurement was
surface roughness of the 4 ried out with digital

samples was evaluated. profilometer

Surface roughness of
each disc was
calculated for 3
readings consecutively.
Average of each of
them, gave the value of
surface roughness.
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FIGURE 7: EVALUATION OF HARDNESS.

: : [ |, | r— il ’
- DPI tooth «

Protemp 4 moulding
; : material |

Control

With 2% ZnO nanoparticles.

With 4% ZnO nanoparticles.

After finishing & polishing of Surface hardness was evaluated using
samples, hardness of the a Micro Vickers hardness tester, where
samples was evaluated. a 50g load was applied to the sample

surface. A diamond indenter was then
used to make an indentation on the
sample surface for a duration of 10
seconds.
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RESULTS

The goal was to evaluate and compare the outconiecofporation of ZnO
nanoparticles into provisional materials to enhath&2r physical properties such as

surface roughness and hardness, after conditi@ti@d hours and"7day interval.

STATISTICAL ANALYSIS

The study data was entered into a Microsoft Expedadsheet, and statistical
analysis was conducted. Descriptive statistics wéleed to elucidate the underlying

structure of the data.
Independent t-test was applied for comparison betvee two main groups.

One way ANOVA and Tukey’s Post-Hoc test was usedctonparing within

the main groups.
The results will be described under the followirggadings:

1. Descriptive statistics of group 1 and group 2 sa&sipl
2. Comparison of surface roughness and hardness betivegroups.

3. Comparison of surface roughness and hardness wiitaigroups.

1. DESCRIPTIVE STATISTICS OF GROUP 1 AND GROUP 2NSRALES:

SURFACE ROUGHNESS:

The descriptive statistics for surface roughnesghvivas measured between
group 1 and group 2 at different time interval (lEath & 2 respectively) showed

lowest mean for surface roughness was found inpgsamples at 24 hours which
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was statistically significant (p<0.05), and theh@gt values were seen with groupl

samples at 24 hours. Additionally, it was obsertred the surface roughness values

decreased as the storage time increased for samgesup 1. (Figure 8)

Table 1: Descriptive statistics for surface roughness at 24 hours and 7" day

interval between the two groups respectively.

Descriptive data for surface roughness | Descriptive data for surface roughness at 7
at 24 hours. days
Groups| N | Mean | Std. Deviation Groups N Meap  Std. Deviation
1 120{ 0.2741 0.19555 1 120, 0.223 0.0865
2 120| 0.1913 0.07871 2 120 0.2043 0.10749

Table 2. Comparison of group 1 and 2 at 24 hours and 7 days (respectively)

using independent t-test for surface roughness.

Independent Samples Test

t-test for Equality of Means

Mean 95% C.I
t-value | df | p-value|
Difference Lower Upper
Average of 1 and 2
4.3 238| <0.05 0.08275| 0.04484 0.12066
group for 24 hours.

Page 39



Results

Independent Samples Test

t-test for Equality of Means

0
Mean 95% C.1

t-value | df | p-value

Difference Lower Upper

Average of 1 and 2
1.489 | 238 0.138 0.01875 -0.00606  0.04356
group for 7 Surface

FIGURE 8: Descriptive statistics for surface roughness afugrl and group 2

samples at 24 hours andl @ay interval.
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HARDNESS:

The results for hardness when compared betweegrthups at different time

intervals (Table 3&4 respectively) showed that thighest VHN was found with

group 2 samples at 7 days interval and the lowestmwas observed with group 1

samples at 24 hours. The results also showed kmmé twas an increase in the

hardness of the samples irrespective of the graighsan increase in the storage time

(p<0.05). (Figure 9)

Table 3: Descriptive statistics for hardness between the two groups at 24 hours.

And 7 days respectively.

Descriptive data for hardness at 24 hours Deseeiplata for hardness at 7 day
Groups| N Mean| Std. Deviation GroupsN Mean | Std. Deviation
1 120| 16.70 1.14 1 120 21.3358 1.2643
2 120| 16.72 0.90 2 120 22.1458 0.95371

7]
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Table 4. Comparison of group 1 and 2 at 24 hours and 7 days (respectively)

using independent t-test for har dness.

Independent Samples Test

t-test for Equality of Means

Mean 95% C.I
t-value | df | p-value|
Difference Lower Upper
Average of land 2
-0.17 | 238 0.866 -0.0225 | -0.2839¢ 0.23896
group for 24 Hardness
Independent Samples Test
t-test for Equality of Means
Mean 95% C.1
t-value | df | p-value
Difference Lower Upper
Average of 1 and 2
-5.603 | 238 <0.05 -0.81 -1.0948 -0.5252
group for 7 Hardness
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FIGURE 9: Descriptive statistics of group 1 and group 2 gi@s at 24 hours and 7
days for hardness.
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2. COMPARING SURFACE ROUGHNESS AND HARDNESS BETWEEN

THE GROUPS:

SURFACE ROUGHNESS:

The results for the surface roughness comparis@d aburs and 7 days for group la
and 2a (Table 5) showed that the lowest surfacghmoess value was observed with
group 2a samples at 24 hours and the highest veiseseen with group la at 24
hours. When group 1b and 2b were compared, theslovetues were seen with group
2b at 24 hours and highest value was seen withpgtbuat 24 hours. When group 1c
was compared with 2c, the results showed that g&aupfter 7 days of storage had
the lowest mean surface roughness values and dromqat 24 hours had highest
surface roughness values. Among all the samplegag observed that group la
samples had highest surface roughness at 24 hadr¢he lowest values were seen

with group 2b at 24 hours. (Figure 10)
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Table 5: Comparison of surface roughness of group 1 and group 2 samples after

incor por ation of 2% and 4% zinc-oxide nanoparticlesat 24 hoursand 7 days.

Group 1 Groupl Group 2 Group 2
Surface
roughness in um (24 hours)| (7 days) (24 hours) (7 days)
Subgroup a 0.33 0.28 0.19 0.220
Subgroup b 0.23 0.18 0.15 0.197
Subgroup ¢ 0.26 0.21 0.23 0.196

FIGURE 10: Comparison of group 1 and group 2 for surfaceghmess at different

time intervals after conditioning.
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HARDNESS:

The results for the comparison of hardness of grbauand 2a samples at 24
hours and 7 days (Table 6) showed that after 7 dag®rage of samples in artificial
saliva, the hardness of both the groups increagedtbe time. When group 1a and 2a
were assessed for hardness, the results showethéhhighest mean hardness value
was observed with group 2a samples after 7 dagsocdige and the lowest value was
seen with group la at 24 hours. When the subgrabpsnd 2b were compared the
lowest hardness values were observed with grougt 2d hours and the highest value
was seen with grouplb and 2b at 7 days. When gtougnd 2c were compared, the
results depicted lowest mean values with 1c at@#shand the highest was seen with
1c and 2c at 7 days. It was also observed that thvas a statistically significant
increase (p<0.05) in the hardness values as thagstdime increased. Among all the
samples the highest hardness values were obserntledynoup 2a at 7 days, but no
statistically significant observation between th tgroups were seen (Figure 11).
The evaluation of hardness through independergti-stowed a significant increase
in the hardness values between group 1 and graaffel storage in artificial saliva

for 7 days. (Figure 12 & 13)
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Table 6: Comparison of hardness of group 1 and group Zokzafter incorporation

of 2% and 4% zinc-oxide nanopatrticles at 24 hontsadays.

Group1l | Groupl | Groun2 24 | Group2 (7
Normal
(24 hours) | (7 days) hours) days)
Subgroup a 16.55 20.26 17.12 22.69
Subgroup b 17.19 21.92 16.04 21.92
Subgroup ¢ 16.35 21.84 17.00 21.84

FIGURE 11: Comparison of group 1 and group 2 for hardnesdiférent time

intervals after conditioning.
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FIGURE 12: Comparison of hardness of group 1 samples ab@dshand 7 days.
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FIGURE 13: Comparison of hardness of group 1 and 2 sampl@g &ours and 7

days.
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3. COMPARISON OF SURFACE ROUGHNESS AND HARDNESS WITHIN

THE GROUP AT 24HOURS AND 7 DAYS:

SURFACE ROUGHNESS:

Evaluation with One Way ANOVA demonstrated a staidly significant
decrease (p<0.05) in the values for surface rowsghifmble 7 & 8) for group 1b
samples at 7 days and group 2b samples at 24 htukey’s Post-Hoc test showed
that group la samples showed a statistically sggmf increase in the values for
surface roughness at 7 days and that for group 24ahours, group 2c showed
statistically significant increase (p<0.05) in thalues for surface roughness when

compared to group 2a and 2b. (Table 9 &10) (Fig4r& 15)

Table 7: Describing statistically significant results for group 1 at 7 days for

surface roughness assessed through One Way ANOVA test.

ANOVA

Average of group 1 at 7 days.

Sum of Squares dff| Mean Squa‘re F p-value

Between Groups 0.195 2 0.097
Within Groups 0.695 117 0.006 16.397 <0.05
Total 0.89 119
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Table 8: Describing statistically significant difference between the subgroups

within group 2 at 24 hours for surface roughness when tested through One Way

ANOVA test.

ANOVA

Average of group 2 at 24 hours.

Mean SquaJre

Sum of Squares df F p-vajue
Between Groups 0.118 2 0.059
Within Groups 0.619 117 0.005 11.135| <0.05
Total 0.737 119
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Table 9: Tukey's post-hoc test revealed statistically sigant differences within

group 1 samples specifically at the 7-day marksfoface roughness.

Post-Hoc Test
J) Mean 95% C.|
() Subgroup sub Diff p-
ubgrou ifference
naming g. P value | Lower Upper
naming (-J) Bound Bound
b .09500* <0.05 0.0541 0.1359
a
c .07075* <0.05 0.0298 0.1117
a -.09500* | <0.05] -0.1359 -0.0541
b
c -0.02425 | 0.341 -0.0652 0.0167
a -.07075* | <0.05/ -0.1117 -0.0298
c
b 0.02425 0.341 -0.0167 0.0652
* The mean difference is significant at the 0.0le
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Table 10: Tukey’'s Post-Hoc test showing statistically sigraht differences within

group 2 samples at 24 hours for surface roughness.

Post-Hoc Test
) Mean 95% C.1
(I) Subgroup naming| Subgroup| Difference | Sig. Lower Upper
naming (-J) Bound Bound
b 0.03675 | 0.066 -0.0019 0.0754
a
c -.04000* | 0.041 -0.0786 -0.0014
a -0.03675 | 0.066 -0.0754 0.0019
b
c -.07675* 0 -0.1154 -0.0381
a .04000* | 0.041 0.0014 0.0786
c
b .07675* 0 0.0381 0.1154
* The mean difference is significant at the 0.0le
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FIGURE 14: Comparison of surface roughness of group 1 witii@ group at

different time intervals.
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FIGURE 15: Comparison of surface roughness of group 2 witii@ group at

different time intervals.
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HARDNESS:

The results assessed using One Way ANOVA for hasimathin group 1
samples (Tablell) revealed a statistically sigaificincrease (p=0.002) in the
hardness value for 1b when compared to 1a and rhplea at 24 hours. When the
samples were tested df @ay interval, (Table12) a statistically signifitatecrease
was seen (p<0.05) in the hardness with group lanwdmmpared to 1b and 1c
samples. When group 2 was assessed at 24 hourarfimess (Table 13), there was a
statistically significant (p<0.05) increase in tredues for 2a samples when compared
to the other and when they were assessed at 7t{iTdaje 14), a significant increase

(p<0.05) in hardness was seen with group 2a sampiea compared to the others.

Tukey's post-hoc test indicated a statisticallyngigant (p < 0.05) increase in
the hardness of group 1b compared to group la arat fhe 24-hour mark. (Table
15). When the samples were tested at 7 days fainkas (Tablel6), a statistically
significant (p<0.05) decrease was observed in #rdrfess values for group 1a when
group 1b and 1c were compared. When group 2 samm@es compared (Table 17),
there was a statistically significant (p<0.05) @éase in the hardness values for group
2b samples when compared with 2a and 2c. When gg@gmples were compared at
7 days for hardness (Table 18), the results dapmtstatistically significant (p<0.05)

increase in hardness of group 2a samples when cethpath group 2b and 2c.

Figures 16 and 17 describe the hardness valuegwgitbup 1 and 2 respectively as a

summary.
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Table 11: Describing statistically significant results forogp 1 at 24 hours for

hardness within the group.

ANOVA

Average of 1st group for 24 H

Sum of Squares df Mean Squarte F p-value
Between Groups 15.333 2 7.667
Within Groups 139.343 11y 1.191 6.437| 0.002
Total 154.677 119

Table 12: Describing statistically significant results faogp 1 at 7 days for hardness

within the group.

ANOVA

Average of 1st group for 7 D

Sum of Squares df Mean Squa‘re = p-value

Between Groups 70.212 2 35.106
Within Groups 120.004 11y  1.026 34.227| <0.05
Total 190.216 119
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Table 13: Describing statistically significant results forogp 2 at 24 hours for

hardness within the group.

ANOVA

Average of 2nd group for 24 H

Sum of Squares df Mean Squa‘re R

p-value
Between Groups 28.248 2 14.124
Within Groups 68.625 11y 0.587 24.081| <0.05
Total 96.873 119
TABLE 14: Describing statistically significant results forogp 2 at 7 days for
hardness within the group.
ANOVA
Average of 2nd group for 7 D
Sum of Squares df Mean Square H p-value
Between Groups 17.562 2 8.781
Within Groups 90.676 117 0.775 11.33 | <0.05
Total 108.238 119
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Table 15: Describing Tukey’'s Post-Hoc test results showitadigtically significant

results within group 1 for hardness at 24 hours.

Post-Hoc Test

(0

()

Confidence Interval of

Mean p- 95%
Subgroup | Subgroup _
naming naming Difference | value R Upper
Bound
2 -.64000* 0.027 -1.2193 -0.0607
1
3 0.1975 0.698 -0.3818 0.7768
1 .64000* 0.027 0.0607 1.2193
2
3 .83750* 0.002 0.2582 1.4168
1 -0.1975 0.698 -0.7768 0.3818
3
2 -.83750* 0.002 -1.4168 -0.2582

* The mean difference is significant at the 0.0ele
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Table 16: Tukey’s Post-Hoc test results showing statistycsignificant results within

group 1 for hardness at 7 days.

Post-Hoc Test

95% confidence interval.
() ()
Subgroup | Subgroup Mean Lower
naming naming Difference p-value Bound Upper Boung
2 -1.66000* <0.05 -2.1976 -1.1224
1 3 -1.58250* <0.05 -2.1201 -1.0449
1 1.66000* <0.05 1.1224 2.1976
2 3 0.0775 0.938 -0.4601 0.6151
1 1.58250* <0.05 1.0449 2.1201
3 2 -0.0775 0.938 -0.6151 0.4601

* The mean difference is significant at the 0.0zle
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Table 17: Describing Tukey’'s Post-Hoc test results showitadigtically significant

results within group 2 for hardness at 24 hours.

Post-Hoc
Test
95% Confidence interval
Q) )
Subgroup | Subgroup Mean Lower
naming naming Difference p-value Bound Upper Bound
2 1.08500* <0.05 0.6785 1.4915
1 3 0.1225 0.755 -0.284 0.529
1 -1.08500* <0.05 -1.4915 -0.6785
2 3 -.96250* <0.05 -1.369 -0.556
1 -0.1225 0.755 -0.529 0.284
3 2 .96250* <0.05 0.556 1.369

* The mean difference is significant at the 0.0fle
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Table 18: Describing Tukey’'s Post-Hoc test results showitadigtically significant

results within group 2 for hardness at 7 days.

Post-Hoc Test

95%

) Confidence

Mean p-

(I) Subgroup naming | Subgroup interval

Difference| value

naming Upper
Lower Bound
Bound
2 .77000* | <0.05 0.3027 1.2373
1
3 .84750* | <0.05 0.3802 1.3148
1 - 77000* | <0.0§ -1.2373 -0.3027
2
3 0.0775 0.918 -0.3898 0.5448
1 -.84750* | <0.0§ -1.3148 -0.3802
3
2 -0.0775 | 0.918 -0.5448 0.3898

* The mean difference
is significant at the 0.05

level.
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FIGURE 16: Comparison of hardness within group 1 at difféténe intervals of 24

hours and 7 days.
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FIGURE 17: Comparison of hardness within group 2 at diffetene intervals of 24

hours and 7 days.
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DISCUSSION

Provisional restorations like crowns and bridges extensively employed in
fixed partial denture (FPD) procedures. They sawe thermal barrier, shielding the
prepared tooth structure, occlusal stability maiatee, and influencing the aesthetic,
functional, and therapeutic outcomes of the treatm@efore the placement of

permanent dental prostheses.

For clinical situations necessitating prolonged vjsimnalization, such as
dental implant therapy or extensive occlusal rettanson such as full mouth
rehabilitation cases, it is essential that provialaestorative materials possess strong
physical and mechanical characteristics. This igartant to prevent failures under
extended functional loading conditioffsHardness, density, and strength which are
properties of dental materials, detetrmine the lilitp of the restorations. These
restorations are fabricated either through inditechnique or intraorally. Opting for
the indirect technique offers notable benefitshsas enhanced marginal integrity and
protection against pulpal injury resulting from tlegothermic polymerization of

acrylic resin®

Currently, two primary material groups, distingushby their chemical
composition, are in use for temporary restoratiom&thacrylate resins (typically
hand-mixed from liquid and powder components) aramosite resin-based
materials.Methacrylate resins require a chemical initiatorctanmence the setting
process, while materials based on composites areded in systems that are either

dual-curing or self-curing?
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In clinical settings, various functional loads agon the FPD’s. Studies on
stress analysis have demonstrated that these fareegompressive at the points
where the load is applied and involve shear andileerstresses at points where
resistance to the load occfsTemporary (FDPs) should be durable to withstand
wear, thus aiding in maintaining the alignment oégared teeth and meeting the
patient's aesthetic preferences. Density of a nahtés evaluated by testing
microhardness, suggesting that denser materialsaxhipit greater wear resistance
and surface deterioration. Resins lacking fillensch as PMMA, are susceptible to
wear, yet their filler-free composition and monadtional molecular nature

contribute to color stability?

To enhance periodontal health, it is essentiapforisional crowns to feature
excellent fit along the margins, appropriate corgpand a smooth topography of
surface. Prior to cementation, provisional crowndargo polishing to form a surface
which is comfortable for the patient and helps prev bacterial plaque

accumulatiorf?

These materials' increased surface roughness amdrgdting surfaces make
them more prone to bacterial colonization than nitfie prosthese¥®. Several
methods involving multiple steps have been outlif@dinishing and polishing such
materials. One suggested approach involves usiurgysbf fine pumice on a wheel
onto the material surface, and another method bgcamnd muslin wheel which is
coated with polishing compound to enhance the fdstéher. Alternative techniques

include employing various, points, polishing pastisks and rubber whe€ls.
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In recent years, various provisional restorativgn® have emerged, including
bis-acrylic composite resin, Polyethyl methacrylatésible light-cured urethane
dimethacrylate, Polymethyl methacrylaf8sSelf cured PMMA resins traditionally
have been utilized for the provisional restoratfabrication either by indirect or
direct methods. However, light activated polymethgthacrylate and composite
resins have become increasingly popular alternstiire recent years. Despite
advancements in enhancing the provisional matépalgsical properties, none have
been deemed ideal thus farAutopolymerizing PMMA resins exhibit various
shortcomings. Earlier research has noted issudsasipolymerization shrinkage and
marginal discrepancies. The risk of pulpal damage @ the heat generated during
polymerization has been extensively documentedngalwith the periodontium's
sensitivity to the fit and contour of these restiores/® Indeed, unlike Polymethyl
methacrylate (PMMA), bis-acryl resins contain momosnof divinyl methacrylate
along with filler particles. This composition cabuites to their unique properties and
performance characteristics compared to PMMA. Couestly, there is a potential
reduction in polymerization shrinkage and exothernelease, while also enhancing
color stability compared to PMMA. Bis-acryl resinmoreover are accessible
commercially for utilization with auto mix syringeshich may escalate costs, but
offer ease of handling and diminish air entrapm&hese resins can be employed for

virtually all categories of interim restoratioffs.

It has been established that the strength of acpybvisional resins relies on
their resistance to crack propagation, ultimatetyading the strength and usability of
fixed partial denture& Various reinforcement methods are recommendedharere
the characteristics of acrylic resins. To strengtlherylic resin materials, different

methods through strategies like chemical modifarainvolving grafted copolymers
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and increased cross-linkage, or by incorporatinvgrdie inorganic and organic fibers
have been implemented. For reinforcement, differmaterials encompass, glass,

metal, sapphire, Kevlar, polyester, rigid polyeémg and carbon graphite.

Nanotechnology involves the science and engineeidirignctional systems at
a nanoscale, which is one-billionth of a meter. réfme, in dentistry, the goal of
nanotechnology is to emulate the natural tissubit@ature, encompassing both soft
and hard tissues, through the utilization of innweadental biomaterials. This aims
to improve the restoration of lost tissue resultfrgm disease and to offer better
biomechanical properties when needédJasnik Singh et al conducted a
comprehensive literature review discussing the rdvenanoparticles employed in
dentistry, including graphene, silver nanoparticlesrbon nanotubes, zirconia,
titanium, among others. The review explores théiization across different dental
specialties such as prosthodontics, endodonticsiodmntology, implantology,
highlighting their applications in enhancing botblbgical and mechanical properties

in dentistry’®

Yin Zhang et al.'s literature review on the biontadliapplications of ZnO
nanoparticles revealed that ZnO showcases a divarsge of nanostructures, and
possesses distinctive semiconductor, piezoelecannd optical characteristics.
Consequently, nanomaterials which are ZnO basee hagn extensively investigated
for various applications including nano-optical ar@ho-electronic devices, cosmetic
formulations, nanosensors, energy storage and mdtetably, zinc-oxide
nanomaterials are valued for their low toxicity apiddegradability, making them
particularly appealing for biomedical applicatiofi$iis review provided an overview

of the current utilization of ZnO nanomaterialbiomedicine, encompassing areas of
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biomedical imaging, drug delivery, gene delivernd ebiosensindg® Mustafa et al.
looked at the effects of adding ZnO nanopartiatethé basic resin used in 3D printed

dentures.

The findings indicated a notable increase in stiengalues across all
concentrations tested, with the greatest enhandenodiserved at the 3%
concentration level. Interestingly, the addition rdnoparticles did not influence
Shore D hardness, while a significant decreaseriiace roughness was seen with all
concentrations. These results suggest potentiaegesd by ZnO as a material for

improving denture bases fabricated through 3D ednesins!

Numerous investigations have been carried out thighaim of enhancing the
physical characteristics, including surface rougisn@nd hardness of provisional
resins. These studies have focused on reinfort¢iegrésins with diverse agents to
improve their propertiesThe current study aimed at comparing and evaludtieg
effects of zinc-oxide nanoparticles reinforcemert itwo different provisional resins
to enhance their mechanical properties, specijiciltusing on surface roughness
and hardness. These evaluations were conducteitran following conditioning in

artificial saliva.

Polymeric resins, comprising acrylic and compos#sins, are commonly
utilized for interim restorations in dentistry. Amp these, self-curable polymethyl
methacrylate (PMMA) gained widespread acceptanaatlghafter its introduction.
This popularity stems from its ease of fabricatiamst-effectiveness, and the
simplicity of achieving a polished surfateA difunctional monomeBisphenol A
glycidyl methacrylate, is with a relatively high feoular weight. These resins, which

are derived from Bis-GMA, have gained popularity ttee fabrication of interim fixed
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prostheses due to several desirable propertieseTinelude high strength, excellent
polishability, and low polymerization shrinkage, kit them suitable for use in
temporary restorations in dentisfy/Protemp 4 is the most recent innovative product
from 3M ESPE in the Protemp family. One notable rovement in Protemp™ 4 is
its enhanced translucency compared to previousiovers This improvement in
translucency can offer better esthetics, closelyioking the natural appearance of
teeth, which is crucial for temporary restoratiohence in the current study, DPI
tooth molding material and Protemp 4 were chosenthas two materials for
comparison, representing PMMA (polymethyl methaatig) and Bis-acryl resins,
respectively. Surface roughness measurement caohieved using various methods
in dentistry. Qualitatively, scanning electron moscopy (SEM) provides visual
information regarding the surface topography, whijeantitative methods like
profilometry offer numerical data regarding surfaceighness parametersMicro
Vickers hardness testing is commonly employed &seasing the hardness of dental
materials. This testing method involves using acspieed instrument called a Micro
Vickers hardness tester to measure the materiadsStance to indentation under a
specific load® Hence in this study, a digital surface profilommeaed digital Micro
Vickers hardness tester was utilized to assessacirfoughness and hardness
respectively. There has been limited evidence expjothe effect of zinc oxide
nanoparticles incorporation into provisional reatime resins to enhance their
mechanical properties. Consequently, the curramdystvas undertaken to compare
the two distinct properties of provisional resinrmwlations, each incorporating

varying zinc oxide nanoparticles at various conaians.
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To evaluate the hardness and surface roughneks oésins, 40 such samples
of dimensions 15mm x 2mm were fabricated accortingDA specification number
27 for the control group. Following fabrication,ceaspecimen underwent finishing
and polishing using a different grade of sandpapEnss process was conducted to
ensure uniformity and smoothness of the surfaceth@fspecimens before further
evaluation of surface roughness and hardness. Heotelst group specimens, ZnO
nanoparticles were weighed and incorporated indoptblymer of DPI samples and
Protemp 4 base and catalyst paste respectivelfigrio 40 samples of 2% and 4%
ZnO nanoparticlesAccording to a study by Mariusz Cierech et al., Zmhoparticles
released from PMMA-ZnO nanocomposites at diffeqgmtcentages of 2.5%, 5%,
and 7.5% w/w did not exhibit any negative effeat$leLa cells up to a concentration

of 20 mg/L.

This finding likely influenced the decision regardithe concentration of these
nanoparticles chosen for incorporation into thevigional resins in the current
study.81 To assess the hardness and surface roughness @sih types, 40 samples
were fabricated with dimensions of 15mm x 2mm, aitigeto ADA specification
number 27, for the control group. For the test grepecimens, ZnO nanoparticles
were accurately weighed and then integrated irggtilymer of DPI samples and the
base and catalyst paste of Protemp 4, respectivélis process resulted in the
formation of 40 samples each containing 2% and 48hcentrations of ZnO
nanoparticles. Following fabrication, the sampladarwent conditioning in artificial
saliva for periods of 24 hours and 7 days to siteulmtraoral conditions for
evaluation of surface roughness and hardness. &¢isidn to use artificial saliva was
based on a study by V. W-H. Leung, which assesBecketfectiveness of artificial

saliva in mimicking intraoral conditions in in-witistudies. Therefore, to replicate oral
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environment conditions as closely as possibles#imples were immersed in artificial
saliva during the testing periG8For evaluating the surface roughness, the samples
underwent digital surface profilometric evaluatioBach sample was positioned
perpendicular to the device, and the stylus wasqmhsver the entire length of the
specimen to record readings. Three readings wararded for each disc, and the
average of these readings was used as the resthieotudy. Similarly, a digital
Micro Vickers tester was used to evaluate hardndead of 50g was applied onto
the surface of each sample, and a diamond inderasrused to make an indentation
for 10 seconds. Again, three readings were recoiaeeach disc, and the average of

these readings was utilized as the result of thayst

According to the study findings, when comparing tbeerall surface
roughness between the two main groups, it was wbdethat group 2 samples
exhibited the lowest values at 24 hours (0.19,,0.23.m), while the highest values
were observed with group 1 samples at 24 hour8@233,0.26um). This indicates
group 2 samples containing Protemp 4 with and withmnoparticle incorporation,
showed lower surface roughness values than thepdt@aamples. The results of the
study align with findings from research study coctéd by Vinay Kumar et al., who
evaluated the surface roughness of DPI, ProtentbTampofit materials. Their study
concluded that Protemp exhibited the least surfaoghness compared to the other
materials. This consistency in findings suggests that Prptenay indeed possess
superior surface characteristics, as indicatedt®yower surface roughness, when
compared to other provisional materials such as Bl Tempofit and that the
incorporation of ZnO nanoparticles enhanced th&asarroughness. The attribution to
the superior surface properties can be due tordsepce of a difunctional monomer

in bis-acryl resins when compared to the monofameti monomer in acrylic resins.
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When evaluating the hardness of samples betweernwegroups, it was
observed that group 2 samples exhibited the highe$ace hardness values (22.68,
21.91, 21.83 VHN) at 7 days, while the lowest valugere observed with group 1
samples at 24 hours (16.55, 17.19, 16.35 VHN). &lfieslings are consistent with an
investigation conducted by Diaz and Arnold, whéreytassessed the hardness of two
PMMA provisional resins and three bis-acryl resared concluded that bis-acryl
resins demonstrated superior hardness comparebltdAPresins. This alignment in
results suggests that the reinforcement of zincdexhanoparticles may have
influenced the hardness properties of the provaioasins, with group 2 samples
showing higher hardness values similar to bis-amegins.There was a significant
increase (p<0.05) in values after conditioning Todays, regardless of the groups.
The findings are in accordance with a study by Akev al., which showed that the
provisional materials’ hardness increased withagferin food-stimulating solutions
for 7 day&>. In a study conducted by Goiato on the impact otlsated aging on the
colour stability and microhardness of flexible resifor dentures, it was concluded
that the notable rise in microhardness observedillinthree materials following
accelerated aging is likely due to their thorouglymerizatiof*. This alignment in
results suggests a common trend where the mechanigeerties, including hardness,
tend to improve or increase over time when expdseatal environment-simulating
conditions. On the contrary, an invetigation by @r8avabi et al, evaluating the wear
resistance and hardness observed that there waseade in the hardness values after

conditioning in artificial saliv&®
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The comparison between different subgroups witlie two groups vyielded the
following results. When surface roughness was ewatli for group la and 2a

samples, it was observed that,

* The lowest values were seen with group 2a sampl@gl dours, indicating
that Protemp 4 samples showed lower surface rosghvedues compared to

DPI tooth molding samples.

* When 1b and 2b samples were compared, group 2beshéwwest surface

roughness values at 24 hours, and

* Among 1c and 2c samples, the lowest value was s&hn2c samples at 7

days.

Based on the findings presented above, it can feréd that Protemp 4
samples, whether with or without nanoparticle irigign, exhibited enhanced surface
roughness values compared to DPI tooth molding madge Additionally, among the
samples, the lowest values for surface roughness aleserved with group 2b, which
represents Protemp 4 with 2% ZnO nanoparticle pa@tion. A study conducted by
Mohammad Gad et al, conducted an investigation dsfitian of nanoparticles into
denture base resins to assess the mechanical fespRrggested that the decrease in
the values for surface roughness can be due didtier distribution of nanoparticles
on the specimen surface as a result of the restmix'sacapacity to fill the gaps
between the polymer chaiffs.Furthermore, among the 2% and 4% Zinc Oxide
nanoparticle groups, it was noted that as the curaton increased, the surface
roughness values also increased but the valueswedravithin the surface roughness

limit of 0.2 um. This finding aligns with an in-vitro study bynal et al, which

Page 72



Discussion

concluded that glass fiber incorporation resultedurface roughness values which
were high with the increase in concentration. Thedage roughness increase was
attributed to the nanoparticles’ tendency to aggmte on the surface with increasing
concentrations, leading to reduced homogeneityhénrhatrix and the formation of

clusters on the specimen's surfatélowever, it's worth noting that the the control
group values were higher than the reinforced grsuggesting that the incorporation

of ZnO nanopatrticles potentially improves the scefeoughness.

When comparing the subgroups between the groupgviduate hardness, the

following observations were made:

* Among la and 2a samples, at 7 days, higher valoeshdrdness were

observed with 2a samples.

* Between 1b and 2b samples, at 7 days, both subgshgwed higher values

for hardness.

» Similarly, between 1c and 2c samples, at 7 days) boowed higher values

for hardness after conditioning in artificial saliv

Overall, group 2a exhibited the highest hardnedsiegaat 7 days. This
difference may be because the nanoparticles werénoorporated directly into the

auto mixing syringe but were hand manipulated tiea@ a uniform mixture.

Upon comparison of subgroups within the main grdiopsurface roughness,
the results indicated a significant decrease inaeslffor group 1b samples at 7 days.
Similarly, in group 2 samples, subgroup 2b exhiii@ statistically significant

decrease in values for surface roughness at 24 hdbese findings suggest that the
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Discussion

incorporation of 2% ZnO nanoparticles can effedyivenprove the surface roughness
of acrylic resin. This aligns with a study conduttey Mostafa Ehsan Al-Douri,
which concluded that ZnO nanoparticles incorporatioto denture base resins

showed improvement in surface roughness of thgiacesins®*

When comparing the subgroups within the main grdepshardness, the following

observations were made:

1. Among group 1 samples at 24 hours, subgroup Xhbiked a statistically

significant(p=0.002) increase in hardness compé&eth and 1c, indicating that the
incorporation of 2% ZnO nanoparticles led to bettardness compared to both the
control and the 4% reinforcement group. At 7 daysth subgroups 1b and 1c
demonstrated higher hardness values compared gyoaybla, suggesting that after
conditioning in artificial saliva, there were higheardness values in both reinforced

groups when control groups were compared.

2. For group 2 samples evaluated at 24 hours, supdzb demonstrated statistically
significant decrease(p<0.05) in the hardness sall@n subgroups 2a and 2c.
Similarly, at 7 days, subgroup 2a exhibited higha&rdness values than subgroup 2b
and 2c. These results suggest that for group 1lsampanoparticle addition increased
the hardness at a 2% concentration, whereas fapgPosamples, the nanoparticle
addition decreased the hardness values comparedntool group. This result is in
accordance with an in-vitro investigation carriad by Vaibhav Deorao et al. on the
impact of flexural strength with various fiber riEarcements of provisional restorative
resins, which suggested that the decrease in hesdrdues with bis-acryl resins may

stem from inadequately bonded nanoparticles witidnresin matrix, resulting in the
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Discussion

incorporation of voids. Improper impregnation coulttad to increased

watersorption, consequently diminishing the mecteirproperties of these resihs.

This studys’ objective was to assess whether aodisf ZnO nanoparticles into two
provisional resins led to decrease in surface roegh and increase in hardness. The
findings of the study indicate a clear positiveluehce on the improvement of

mechanical properties in provisional resins with a%@ 4% incorporation of ZnO

nanoparticles.
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Scoee Of The Studx

SCOPE OF THE STUDY

* The study aimed at comparing the effect of incorporating ZnO nanoparticles
on the surface roughness and hardness of provisional restorative resins after
conditioning in artificial saliva

* Further research can be conducted at different concentrations of ZnO
nanoparticles evaluating the other mechanical properties of provisional resins.

» Further research can be conducted on the various other mechanical and optical
properties such as flexural strength, compressive strength, color stability.

» Further research on the stability and cytotoxicity of ZnO nanoparticles can be
conducted.

* Sincethisisanin-vitro study, in-vivo studies can be carried out since intraoral
parameters such as pH, presence of saliva, different loading parameters can
affect the mechanical properties of provisional resins.

» Furthermore, long-term studies can be conducted for validation of results.
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Limitations Of The Study

LIMITATIONSOF THE STUDY

The primary limitation is that the results obtained through in vitro
investigation might not accurately reflect on the outcomes under clinica

conditions.

Several other optical and mechanical properties, such as impact strength,
compressive strength, flexural strength, wear resistance, and color stability,

were not evaluated.

Long-term studies could provide better validation of the results in cases of full

mouth reconstructions, Implants etc.

The comparison was conducted using only two types of provisiona resins, and

different resins may yield different outcomes.

The assessment of ZnO nanoparticles was limited to only two concentrations.

Evaluating additional concentrations could lead to varying results.

To better smulate intraoral conditions, the samples were stored in artificial
saliva. Using methods like cyclic loading or accelerated aging could enhance

the validity of the results.
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Clinical Implications

CLINICAL IMPLICATIONS

» Incorporating ZnO nanoparticles at concentrations within non-cytotoxic levels
has shown potential in enhancing mechanical properties of provisional
restorative materials. On integrating such filler particles during the
manufacturing process, these resins could see increased efficiency, mitigating
issues like void incorporation and non-uniform mixing of the monomer-
polymer/base-catalyst paste that may arise during manual manipulation

thereby increasing the lifespan of provisional materials.
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Conclusion

CONCLUSION

Considering the limitations of the study, it can be inferred that,

* Group lsamples exhibited notably higher surface roughness and lower
hardness values in comparison to bis-acryl resins at 24 hours and 7 days.

» Reinforcement of 2% ZnO nanoparticle resulted in reduced surface roughness
values compared to both the control and reinforced groups between the two
main groups. Protemp 4 without nanoparticle integration demonstrated
enhanced hardness compared to the reinforcement group on evaluation of
group 1 and 2. Following a 7-day conditioning period, there was a significant
overall increase in hardness values across all samples between group 1 and
group 2.

e The inclusion of 2% ZnO nanoparticles resulted in a statistically significant
reduction in values for surface roughness among the samples in group 1.
Samples without nanoparticle incorporation within group 2 displayed a
statistically significant increase in hardness values compared to reinforced
groups.

* Inconclusion, the addition of 2% and 4% ZnO nanoparticles effectively
reduced surface roughness in provisional resins without substantially altering

hardness parameters.
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Summary

SUMMARY

The study aimed at assessing the impact of Zincd®©xmanoparticles
incorporation on the surface roughness and hardakegsovisional resins
following conditioning. According to ADA specifican number 27, samples
were fabricated, measuring 15mm x 2mm, resultingdrsamples per group.
Zinc oxide nanoparticles were precisely weighed amégrated into the
polymer-monomer/base-catalyst paste to create 2% 4% nanoparticle
groups. Surface roughness evaluation was carried using a digital
profilometer. The hardness was measured with atadidVlicro Vickers
hardness tester.

Statistical analysis using SPSS software versiow@&fperformed. To analyze
underlying data descriptive statistics were usech Adependent t-test
compared the two main groups, while one-way ANOM#A dukey's Post-
Hoc test were employed for within the group conmgans.

Results indicated that incorporating ZnO nanopkesi reduced surface
roughness and increased hardness significantly.lowiolg a 7-day
conditioning period, a statistically significantcirease in values for hardness
among the groups was observed. Consequently, it asasluded that the
inclusion of 2% and 4% ZnO nanoparticles signiftbarenhanced surface
roughness in provisional materials without sigrifidy altering the hardness

of the samples.
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Nehru Nagar, Belagavi - 590 010, Karnataka State

®: 0831-2470362 Web: hittp:/'www.kledental-bgm.edu.in
FAX: 0831-2470640 E-mall:principal@kiedental-bgm.edu.in

s.No.: 1087
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ANNEXURE [I
AUTHENTICATION FORM

Mab.: 8452810712
8800903073

ULTRANANOTECH PVT. LTD.

Materials Beyond Imagination

B-205, Prime Blue Forest, Rajapallya, Hoodi, Bangalore - 560048
Web. : www.ultrananotec.com | E-mail : info@ultrananotec.com, sales@ultrananotec.com

Certificate Of Analysis

Zinc Oxide (Zn0) Nano Powder 99.9% Purity

Test Item Composition
Particle size 30-50
Surface area 120 m2/g

PLO <=0(),0005%
MnO <=0.0005%
CuO <=0.0005%

Fig : TEM image of Zinc oxide nanoparticle

8-205, Prime Blue Forest, Rajapallya, Hoodi, Bangalare - 560048
Web, ; www.ultrananotec.com | E-mall ; Info@ultrananctec.com, sales@ultrananotec.com
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ULTRANANOTECH PVT. LTD.

Materials Beyond Imagination

B-205, Prime Blue Forest, Rajapallya, Hoodi, Bangalore - 560048
Web. : www.ultrananotec.com | E-mail : info@ultrananotec.com, sales@ultrananotec.com

-Zhi-

Triensity

Fig : XRD of Zinc oxide nanoparticle

Conclusion of Test:
THE PRODUCT IS UP TO THE ABOVE-MENTIONED STANDAFRD.

B-205, Prime Elue Forest, Rajapallya, Hoodi, Bangalore - 560048
Woeb. : www.ultrananotec.com | E-mall : infoi@uitrananctec.com, sales@ultranonotec.com
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