CHAPTER 2

LITERATURE REVIEW Y'
2.1 Edentulism .i '

The governing body of health sector world as implemeptéd several
L ]

measures, including the formulation, adoption, an@yimplementatio 0)‘ pl@_%g-and
_ S
elderly,

policies, to address the healthcare needs of the m,lu ing/their Q‘al health

(Douglass et al., 2002). However, despit thesZinit'

significant public health issue globall@arly a
In Malaysia, as in many cour@)
an increased focus on elderly hf%.
addressing the specific hea Es ofJ
better quality of life fo% ogra'e ic.

$ &
Malaysia, many e w)usm ﬁle with significant impacts on their
quality of life due to“tooth - part @ﬁeir efforts, Malaysia's government has

\e NV
ral c&& remains a
er a&hs.

|@3 growing, leading to
N
gnizes the importance of

!

¢

developed s I¢plans and p iclEs Q_Bbr)omote preventive dental care, provide dental
NN

services{ encotirage gt ‘5e of p&/entive care, and improve oral health education

Y-v
ammg&elderly population @‘ISA, 2011).
‘éespite these efforts, oral disease remains a significant challenge worldwide,

ticularly among older adults. Factors such as a lack of awareness, limited access to
dental care, and financial constraints can contribute to oral health issues in this age

group (Mitchell et al., 2013). Additionally, as people age, they may be more susceptible



to some dental issues, such as tooth decay, gum disease, and tooth loss (Al-Rafee, 2020).
These oral diseases and their sequels will cause pain and discomfort resul?ﬁn

impairment of function and reduced quality of life. Dental caries and@ontal

diseases are the main causative factors in teeth loss and eventually, if d, lead to

edentulism (Jaafar et al., 2014). Q
Edentulism is the state of being edentulous, or Withoutvyteeth. Complete

edentulism is an oral cavity without any teeth. Patients m%dentulism

exhibit a wide range of physical variations and health condttions./Tooth ean-affect

mastication, speech, and aesthetics which in turn es the qualitysf life (Al-Rafee,
4

X
2020). Comprehensive and integrated healthcar?ﬁyach re ln€eded Qﬁsbmbat oral

disease among older adults. This inclu%@‘ugth riatric‘éznal services,

improving collaboration between denm

preventive measures on a broader (g@bercﬂb\zy
? @
2.2 Dental Prosthes z l Q’
4 ’ &
onsable in a

ssing the challenges posed by tooth

Dental prosj&are im :
loss. One of theig primary f s the ration of chewing functionality, crucial

¢
for prope@n a :'t%ﬁee{tﬁ?Additionally, they play a pivotal role in
NN

preserv% | stryc ‘;m et<al., 2011). When teeth are lost, the jawbone can
Y-v
detsﬂg&, leading to a sunke@ial appearance (Alhallak et al., 2023).

@oreover, speech can be significantly affected by missing teeth, particularly in

0 front. Dental prostheses can aid in proper articulation, enabling individuals to speak

clearly and confidently (Miyaura et al., 2000). Furthermore, they offer a profound

aesthetic improvement. Artificial teeth are fabricated to resemble natural teeth, this kind



of dental prosthesis can restore a complete smile, positively impacting self-image, and
improving social interactions. Importantly, they prevent neighbouring teetYUm

shifting into empty spaces, averting misalignment, and potential further to@?(Pun
etal., 2011; Tian et al., 2021). *

Besides the physical aspects, dental prostheses have prov% st confidence
and overall quality of life (Salernitano & Migliaresi, 2003). N?g teeth can lead to
ura

withdrawal from social activities, and prostheses provide r nl:e to smile, eat,

and speak without reservation (Zitzmann et al., 2007). They als cM&tertter
N

oral hygiene practices by distributing chewing@venly, re ng' the,risk of
K4 X
a

damage to remaining teeth. Dental prostheses a?ﬂllabl e ran@_e«-bf options,

including full and partial dentures, bri Nowns, an mplja:iéThese dental

need@m preferences. In

essence, they are fundamental in &!Ddentgb\gt nl
[} A
and aesthetics but also for enhK ove%ell}eing @aura et al., 2000).

2.2.1 Dental Impl ' ; %
Dental implants‘are co one O@ef best options for replacing missing teeth.

!

¢

This proce %olve the_s i£| El_}g‘c%ment of a titanium post into the jawbone,
NN

effectiv% gasd ic tomﬂ\root. This post provides a sturdy foundation for

-

attaﬁ&;a crown, bridge, o®ure (Avetisyan et al., 2021). One of the standout

a%&rges of implants is their remarkable stability and longevity (Hidalgo et al., 2021).

prostheses can be tailored to suit each mdividual's uni

Q not only look and feel like natural teeth but also function in the same way.
dditionally, they help prevent the deterioration of the jawbone, which can occur after

tooth loss. However, it's important to note that the implantation process is a surgical

10



procedure, which may require a period of healing before the final restoration can be
attached (Ercoli & Caton, 2018). Moreover, like any surgical procedure, dental i

come with a degree of treatment morbidity. This refers to the discomfort, w@ions,
and potential risks associated with the surgical placement of dent ants. For
instance, patients with certain medical conditions, such as uncontrolfed diabetes or
autoimmune disorders, may have a higher risk of complications during the implant

procedure (Afzal, 2014). Additionally, while highly effe |'ts can be more

expensive than other tooth replacement options. I ‘\d
@

2.2.2

RO

Dental bridge is another reliable option for replacing one or more missing teeth.
Dy Ch

i oration consists of two main components: the artificial teeth, known as pontics,

:a the supporting crowns, which are affixed to the adjacent natural teeth or dental
p

lants (W. Li et al., 2004). Similar to the dental crown, the process of getting a dental

bridge involved removal of a portion of enamel and dentine to make room for the bridge
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that will be placed over them. Dental bridges have several advantages, including
effectively restoring the ability to chew and speak properly, maintain facial stv!
and distribute bite forces evenly. Additionally, they also prevent adjacer@}from
shifting out of position (Studart et al., 2007). From an aesthetic per , bridges

provide a natural appearance, blending seamlessly with the eX|st|ng t

Dental bridge can be composed of various materials, in metals like gold
or alloys, porcelain-fused-to-metal (PFM), or all-ceramicjiensurin 'iurability and a
natural aesthetic appeal. However, the dental bridge comeS'With org'mdaﬂor?}or
instance, the abutment teeth need to be strong and y enoughito o’t tﬁ&Brldge

4
and high amount of tooth structure mcludmg an o‘d@ as to_be removed

which can make them more susceptible toewsues in thefuture s@ as loss of pulp
i

vitality (Alharby et al., 2018). Addltlo

\ Y
require replacement or maintenan time r C‘nétear.
> @

0% know about- dental brldges

Figure 2.2: Dental bridge
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2.2.3 Removable Denture

Dentures are dental prostheses designed to replace missing teeth and surro?’ﬂ!g
oral tissues, making them a suitable and effective solution for individuals SLﬂg'S\from
partial or complete edentulism. Dentures come in two primary types:ﬁ;ﬂ dentures
and complete dentures. Partial dentures are used when some natural t remain in the
mouth, while complete dentures are employed when all natural teeth®are missing. Both
types of dentures are custom-made to fit the patient's mouth m

a'natural-looking

and comfortable solution to restore oral function an stheti S.Wnally, the
23

e by supporti gth@fvi‘cial

ene% ing o‘;cjaéion and

i orab?tru res th@v\?vide support
(Kewekordes et al., 2018). \) é

\11 ik
Dentures aim to facilitate : hewi ling i@viduals to break down
0

food efficiently for digestion, K ro sﬁ‘e&n@%lrity by providing support

denture base provides stability and retention for the d

teeth. As a result, it absorbs the functional

efficiently transmits these forces to the sur

=

help+
to the tongue and lips (Wan 4 2011). r ove@ntures offer aesthetic benefits,
custom-made to fit the%ts mouth_an a;ilaiqﬁures, restoring a natural-looking
smile and facia@@re, \ &

ich™ean si%fg&cantly boost self-esteem and social
interactions. BfMaes et'ic
changes assogi ith toot

s
2014). more,"d reS are;za. cost-effective tooth replacement option, more

N
aff than alternatives Iikec;aental implants, making them accessible to a broader

‘@ patients (Mohd Farid et al., 2022). In addition, these dentures can be promptly

Oricated, allowing edentulous individuals to regain their oral function and aesthetics

5

twei‘)@ provide facial support, preventing facial
'

, SU ﬁ.as sagging cheeks and sunken lips (Singh et al.,
N

in a brief period (Akl & Stendahl, 2022).
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As dentures reside in direct contact with oral tissues, it is essential to prioritize
biocompatibility. Biocompatible denture materials are carefully chosen to ensd?ﬂ!y
do not cause irritation, inflammation, or adverse reactions in the surround@cells

and tissues (Was et al., 2022). This aspect is vital to ensure the patient's t, overall
oral health, and long-term acceptance of the denture. Furthermoref it's crucial to
consider the fungal adherence and antibacterial activity as_essentfal properties in
dentures to prevent denture stomatitis. Denture stomati Y:nc'wn as denture-
related erythematous candidiasis, is a common conditi ong dw‘arers. It's

characterized by inflammation and redness of theo%cosa, rti rI‘/ Elﬁ}:qatal
area covered by the upper denture. The pri se_ofdd sto@'tis IS an
overgrowth of Candida species, particulag:: \s wh,@ga:e naturally
occurring fungi in the oral cavity (Hi@ al., 2018): iIit)(DQreduce the fungal
adhesion on the denture surface or i@ﬂing the \v{hTo 'e.\albicans can prevent

N,
denture stomatitis among dent rs I\%eiro itziet @21).
Moreover, dentures ssesi exceptional @hanical strength to withstand
(
the complex forces th%unter d‘uribngzyy& tional movement in mastication,
which exert stres@hg denture (Berban eéj 2021). The combined attributes of

&
biocompatibil'itMme ha‘nl qng&)@m the foundation for successful denture

_ . ’
design. B@

g that t nturéis well-tolerated by the oral tissues and can
ithst e forces it eficunters QA , the prosthesis achieves stability, retention, and
‘ > N

D

4

w
fU\ ty. Awell-fabricated&@nture significantly impacts the patient's oral function,

‘%, aesthetics, and overall quality of life, promoting confidence and facilitating

per nutrition without bringing any adverse effects. Hence, an appropriate denture

material is of the utmost importance to achieve these objectives.

14



ovable-
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Source: Retrieved from https://aestheticdentalcli om.au/li ing-
partial-de -Iifestyle-ti

Figure 2.3: Removable partial

2.2.4 Denture Base Material \)

inception in 193Wa ietal
Gyl 2s O
replace prewiguslytised /ent e ha n@yrials such as porcelain, vulcanite, aluminium,
and ma 0 (John'souaz, 19 gé\l\/lurray & Darvell, 1993; Khindria et al., 2009).

N
@ermore, PMMA rﬁc?garnered significant attention within the medical

ies, particularly in the creation of prostheses for orthopaedic, maxillofacial, and

Onioplasty applications (Zafar, 2020). Its versatility and biocompatibility have made

it a preferred choice for crafting prosthetic solutions that enhance patients' quality of



life. However, the remarkable utility of PMMA is accompanied by certain inherent
limitations that have somewhat restrained its broader clinical use. One major drw
of methacrylic resin from which PMMA is derived tends to undergo @) ume

shrinkage during the polymerization process (Hada et al., 2022). -\

Polymerization is a process that involves the conversion o metgl methacrylate

(MMA) monomers into polymers, eventually forming the structure. This
shrinkage can potentially compromise the accuracy of @ sthe}is, leading to fit
issues or discomfort for the patient. Therefore, researchers ane den al.p}o‘edmalgzhave
N
worked to address the limitations of PMM explore alte i\L smaterials.
_ _ £ S ¥
Consequently, a variety of resin monomers hav?ﬂsyn izedand introduced over
the years to cater the diverse dental applic Mderid‘ﬁp etall, 2002)~J hese materials

<<

offer unique attributes that aim to enm e performafce an(@rsatility of dental

\T Y
prostheses (Barszczewska-Rybare zyk \'\

4]

a3 l@“;@?
Among these alternati revBisphe lycidy¥ methacrylate (Bis-GMA),
\
Ethoxylated BisphenotA wcol Dimeth ryﬁlatb. iIs-EMA), Triethylene Glycol
M nd

Dimethacrylate (TEGD eth iﬁ@acrylate (UDMA) (Moharram et al.,

1992; Durner et a@ E ‘1 of these mQ{b ers is a member of the dimethacrylate
N

family and pr(e%weci ic ad?%glas d to various clinical scenarios. For instance,
Bis-GMA%niz;d or its remarkable mechanical properties and durability, making
it suit &

dental c mpositQjé'nd adhesives. However, it is associated with a

A <,
CEthvely higher degree}f polymerization shrinkage, potentially leading to

ges in achieving precise fitting (Barszczewska-Rybarek & Jurczyk, 2015).

0 On the other hand, Bis-EMA presents a compelling solution by mitigating the

concern of shrinkage. Its advantages include low water sorption, low viscosity, low

16



shrinkage during polymerization, and adequate mechanical strength. These
characteristics enhance marginal integrity while introducing improved flexibilitw
material (Pratap et al., 2019). Its unique attributes are ideal for applicﬁ%\lhere
minimizing shrinkage and enhancing adaptability are pivotal, maki valuable

component in various dental formulations (Durner et al., 2015). ?

In addition, TEGDMA offers a distinct advantage in its?pa ibility with other
monomers. This feature enables versatile formulationfoptions ‘Ilowing dental
professionals to tailor materials to specific clinical .needS®For nsM.ha en

5
frequently used as a diluent in the composites resi rix that canta hi!;h-l%g Iscous
4 b
monomers such as Bis-GMA and UDMA (Alsh I, 2 . erth , there are

some drawbacks by incorporating TEG%M&M re‘s?b X, w{h< are high water

absorption and reduce mechanical streng ich can affegt the I@-term stability and

\T 'y
durability of restorations (Lin et ). \’\
[} 4 <§_—)

Additionally, UDMA % as a mer &‘ffdracterized by exceptional

N
mechanical properties %Qompatit{lity. else @ies contribute to its preference
sth

for restorative material ema% refic d resilience, making it particularly

suitable for post@oral@prost@ requiring enhanced durability (S. R.
N

Kumar et al., @in %‘hés ds&ﬁificantly lower viscosity, higher mobility,
and grea &gﬁness an ﬁé‘ﬁrogressively took the place of Bis-GMA in
S
C

numeSs merciall cessib@/ﬁéntal composite resins (Pratap et al., 2019).
\

is
G ¥
0 Polymerization of Resin Matrix

The polymerization process initiates through the generation of a free radical,

accomplished either chemically or through the application of external energy such as

17



heat, light, or microwaves (Zafar, 2020). The conversion of monomers to polymers
through polymerization can be categorized into three distinct phases which arew

initiation, propagation, and termination. (0\

Initiation marks the inception of a cascade of reactions, proﬁlllng the
polymerization forward. Duringthisstage,atrigger(heat,Iight,o he rm of energy)

initiates the formation of free radicals or other active species. adicals are highly

reactive and possess unpaired electrons, rendering them e en ge in chemical

su seMopa ion

stage, the reactive radicals formed during initiati tart interacti |lh-h‘?nomer

’ b
molecules. The active radicals bind to the mono?!reaﬂ‘nga\ reac@he’site on the

monomer itself. This, in turn, generates ad calith n reaﬁ&ith additional

bonds with other molecules (M. Kumar et al., 2021). In

i
&
monomers, leading to a chain reactlo poler in gl@lally elongates as
monomers continuously join th 1 ctgg a polymer structure
0
(Corrigan et al., 2020). A(?;'

Lastly, the termi tlowgse is ’esp ible concluding the polymerization
process. It involves the deaa/ t|9'e fagicals, halting the chain growth. This
can occur throug@ m Lanl , inc g the recombination of radicals or the

N
transfer of a d 0 alspeci t?! h&%‘d further reactivity. The termination phase
G

ensures t oI m iza qh\ss a controlled endpoint, preventing excessive

cha ndyleldl a tab olymer structure (Sideridou et al., 2002).

ese three phases of |n|t|at|on, propagation, and termination collectively define

olymerization process. The sequence of events during each phase dictates the
a

racteristics of the resulting polymer material. The rate of polymerization, the

18



molecular weight of the polymer chains, and the overall structure of the material are

influenced by the interplay between these phases (Moens et al., 2020). YV

2.3.1 Heat-Polymerized Resin

Heat-polymerized or heat-cure resins are commonly useM ricate denture
bases. Owning to the advantage of slow settling time, this t Wrial is particularly
suitable for fabricating larger restorations or prosthes ing aWking time

L ]
tion pracess a’ trqﬂgg;ms
=\

"ators,‘o:r s-li king@ents, and
Y

before the reaction sets in. To initiate the polym

monomers into polymers, a suitable combination o

inhibitors is introduced into the resin matrix Johx al. .For inst ?5 in the case
ass’ ben peroxide as an

of heat-curing PMMA, the formula@ enc
t Tg agent; dibutyl phthalate as a

initiator, ethylene glycol dimethacrye e as cg;k 'y
plasticizer, and hydroquinone as an mhibitoréiThe pol meriz@n procedure initiates by

| Q
blending PMMA powder withW liqui quemé,othe mixture is exposed to a
N
heated water bath to gCtivate, the initiator. i\iS@'@tion step triggers the gradual
conversion of mongmers ifto r chfa'@Eventually, this process yields the

| "3
N7 &

ized | resin eﬁmit('tj? notably elevated degree of monomer

NN
arilyattri ?d to<their extended curing period, which often spans
L 9

Z

desired PMMA s

Heat-

Y

conversjion

aro

e

ours within a heat@ter bath (Choi et al., 2021). This protracted curing

-4

10m enables the attainment of a heightened degree of conversion; essentially, more

mers transform into polymer chains. This accomplishment, however, comes with

(4

e trade-off of a longer polymerization timeline. Yet, the extended process confers

19



exceptional mechanical properties and commendable biocompatibility to the resulting

material (Perea-Lowery et al., 2021b). T

This enhanced monomer conversion translates to a denture %I with
improved strength, durability, and overall performance. The prolonged polymerization
zzl

fosters comprehensive cross-linking and structural integrity within the‘polymer matrix

(Krishna Alla et al., 2015). Moreover, the higher degree versmn in heat-
polymerized resins substantially diminishes the presence ofir n'onomers within
the denture structure. This reduction in residual monomersiis vital as_I |taga the

potential leaching of these compounds, which ¢ therwise ifrit h(! or&(nlssues

b
e of@d not only

d
impressive mechanical attributes but alt ced Qﬁsk causing, discomfort or

O

E‘g ST
Nonetheless, the heat gene urw polyme |za@ can potentially cause
-

distortion or warping, result dimens naccﬁédy within the denture and

N
ultimately affecting Rfortabh{wess fltrs nture wearer. Therefore the
re

polymerization process must nec fﬁé}@gulatlon of temperature and curing

time (Batisse & r\}‘\as OZQ <$

of denture wearers (Rashid et al., 2015). ulti

adverse reactions to the patient's oral en

-cured resin, often ed to as chemically cured or auto-polymerizing resin,

‘@es a unique composition and polymerization mechanism that distinguishes it

Om heat-cured resin. Unlike heat-cured resin, cold-cured resin operates independently

of external thermal energy to initiate the polymerization process.



In cold-cured resin systems, the polymerization initiation is driven by a chemical
activator, present within the material, which initiates the reaction without the n?‘\‘ur

elevated temperatures (So et al., 2012). This aspect brings about sever tive
features and benefits. Cold-cured resins are particularly suitable for ﬁl&ns where
controlled heating is not feasible, such as chairside repairs or refurbismof dentures.
Moreover, their ability to polymerize at room temperatu rovides a practical
advantage in situations where access to specialized ¢ %u.iprrent is limited.
Additionally, the cold-curing process only requires a shorteuring 'mW}ing swift

le advantage of (E{d}‘g;red

iILt(' iohe eQ,i' 2020).

Consequently, the polymerization shrinkag%h} itedeby C -cure@; is notably

lower than that observed in heat-cure In aterials (Shim'et aI@'ZO).
However, the short curing fi associ it néﬂajor drawback, a low
(..)
e d

procedures such as onsite denture repairs. Another

resin is its greater dimensional accuracy a

4]

degree of polymerization. Thi\ e d(%g(»%ofilfmiﬂgﬁon can exert a substantial
influence on both the mech and 1i logi attr@es of the cold-cured resin (So

0
i
et al., 2012). The uncu%nomers:e%tgzd {\2} n the partially polymerized resin

matrix possess th&}wal tolleac ut ovzg(un'/e, potentially causing discomfort or

irritation to d ?a&wea ers;. yer,cagﬁwer degree of polymerization within the
% '

S cerfain ye ani £Lyu|nerabi|ities (Rudawska & Frigione, 2021).

Reduc Weriza 10 rﬁlateé\diminished strength and hardness, elevating the
. e > . .
ris hanical failure undecfjthe forces exerted during mastication. Furthermore,

ave indicated issues with colour stability, where the material might be prone to

resin matri

Ocolouration over time (Zafar, 2020). Additionally, these resins may exhibit higher

water sorption, leading to potential changes in the material's physical properties over

extended periods (Perea-Lowery et al., 2021b).
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Efforts have been made by incorporating filler particles such as zirconia (ZrO>)
and boron nitride into the cold-cured resin matrix (Algahtani, 2020a). The add
reinforcing particles has improved the overall mechanical properties of th ured
resin, particularly in terms of flexural strength and surface hardness (Al 1, 2020b).
However, the reinforced cold-cured resin continues to face challengRin~ achieving a
high degree of polymerization. Due to the notable abundan Ndue monomers
within the resin material, cold-cured resins are not consid §a~

pr"nary option for

long-term dental prosthetics (Krishna Alla et al., 2015). .\d
L ]

2.3.3 Light-Polymerized Resin 2 \ EV{'
Light-cured resin materials utiIi@ﬁcip top erization, where
tar w

a photo-sensitive agent, also knownsas a photo=initia added to the resin. This
E hm\ 2l
photo-initiator will be activated and, initiate the palymerization process upon light
&
irradiation, usually in the M ight . This " initiation leads to rapid

N
polymerization, offeri excgional cantrol @ver @)cess (Hassan et al., 2019).
4 ’ &

One of the Weneﬁt:}rgh -curgesin materials is their ability to initiate

polymerization{ andk ' pre‘(z}u oners have direct control over the
¢
polymerizati %ess, nsuri p?'ec'es acement and curing of the material exactly
d

NN
when n him, L jJ 20@ This is especially advantageous for procedures
that‘g&e meticulous Iayeri@}s’culpting, or adjustments. Furthermore, light-cured
can cure rapidly under a curing light, significantly reducing the overall
roeedure time. This efficiency benefits both patients and dental professionals by

inimizing chairside time and enhancing patient comfort (Shim, Lee, et al., 2020).

Additionally, light-cured resin materials often exhibit less polymerization shrinkage

22



compared to other polymerization methods. This is attributed to the fact that the

polymerization process generates minimal heat, thereby reducing the Irkelrhoowﬂe

cured material warping during the subsequent cooling phase (Ng et al. ,@Thrs

property allows better adaptation of the material to the oral cavity w ulting in

less stress on the restoration and reduced risk of marginal gaps. ?

cure in thicker or deeper restorations. Additionall

wavelengths and intensities. Inadequate light 0

Z

can compromise the material's polymerizati

biological properties. Ergo, proper curi ts

ensure complete polymerization t ut th@\ﬁal a dc:;é;\per light intensity and
exposure time are crucial fore com ﬂe po me ri n (Moldovan etal., 2019).

In the realm of Wentl ’vy, t llltl|i on of different resin materials
represents a dynamlc inter y b vdﬁ@@s and limitations, each tailored to
distinct cllnlcal s h poly zed material has the highest overall
strength amo ty esrof |ts ability to achieve a higher degree of

polyme OV\:'ev r p)ly e@%n shrinkage and long curing are the major

draw k t hinderedits profo\’ﬁﬂ'usage Conversely, light-cured resins stand out for
t reC|sion, enabling on-d%and polymerization under controlled conditions, and
curing time enhances overall efficiency. In essence, the selection of a resin
terlal hinges upon the clinical context, balancing the advantages and drawbacks.

Comprehensive knowledge of each resin type empowers dental professionals to make



informed decisions that align with patient needs, leading to successful outcomes in

restorative and prosthetic dentistry (Prpi¢ et al., 2020). YV
\
0

2.4 Conventional Fabrication of Denture Base Yv

The conventional denture fabrication workflow involves Several key steps. It
begins with taking accurate impressions of the edentulous Mlowed by creating
a master cast. Bite registration captures the relationshi enu pWer arches,
and a wax try-in allows for adjustments before the f denture Setup. hf V\‘/e)‘;xg/-in
is then invested in a flask, filled with acrylic resinjsand cu;ed. A d(ff\/l@king and

finishing, the denture teeth are set and secur%z dent \aSe. Theé@?re is further

refined and polished before being fitteK atient deliveredée,

This method of denture fabreﬂ%n has \a$ta Q&T}dentistry before the

N,
emergence of digital technolog%trovf et al 22 @Wever, compared to the

digital denture fabrication n@h a@ch has several disadvantages.

Firstly, conventional M reliej on i{lha@hniques and requires extensive

e
d &
\hu an i&m, leading to inaccuracies in fit and

human labour, whi an mtni

occlusion (Reymie ., 20 'tionaél-)jéﬂle time required for each step, including
¢
impressions % preparati J}d@%}?sical adjustments, can result in extended

chairsidg’a lgoratd?

as tm&/e to endure multip@ﬁointments (Alauddin et al., 2021).

‘énother significant disadvantage is the potential for material distortion during the

Oing process, especially in heat-cured methods. The acrylic resin's polymerization

generates heat, which can lead to warping and affect the dimensional accuracy of the

NN
.',Theseqlh)longed timelines can lead to patient discomfort,

denture. Furthermore, conventional denture fabrication often involves the use of
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physical molds and models, which require considerable physical storage space and can
degrade over time (Prpi¢ et al., 2020). Additionally, transferring these molds to I

laboratory will involve an additional cost and might also be subject to distart ring

transportation or handling. *

Moreover, the denture fabricated with the conventional, appréach was often
reported with lacking in precision and efficiency (Tahayeri et a . The inaccuracy
in the denture fit can greatly affect the patient's cor@ tisfaction. Since the
conventional approach involves extensive human labour~and ar:u\al\ddlin%.the
entire workflow is more intricate, demanding xpertise of er’iﬁ-é&}dental

_ " 4 b S
professional to operate. In addition, the manual W?bf comyentional fabggatlon limits

ncecﬁ?atures such as
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2.5 Digital Fabrication Qf\yre IN \A
as

With technology i ter t
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been introduced to ndustri
and designed taybe ma

¢
advantage o Igitalizati

Dwm’;&al., 2023). Given th9\ rent distinctness of each individual's oral contours,
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t \hnd for personalized oral prosthetics is evident. This distinctiveness underscores
hewnecessity for custom-designed solutions for every patient, rendering digital

chnology a preferred method for addressing this intricate task.



The digital method of denture fabrication represents a technological advancement
that revolutionizes the traditional approach, introducing precision, efficien
customization through Computer-Aided Design and Computer-Aided M@Jring
(CAD-CAM) technology. This contemporary approach replaces ma ual steps
with digital processes, streamlining the workflow and enhancing the ayerall quality of

the denture (Srinivasan et al., 2021; Fouda et al., 2022). \)

In the digital method, the process begins with a digitali ssior', captured using

an intraoral scanner that creates a 3D virtual model of the patient's ede us es.
}’ N
This digital model is then transferred to compute are equippediwit CACB tools.
_ _ 4 b S
Here, the dental professional designs the denture?@,'toot ra ent, and occlusion

using digital tools. This step offers an uncwted ngel usto&ﬁion, allowing

for precise placement of denture teeth, rate fit toggral c@urs, and intricate
\T Y
detailing (Lin et al., 2020). \’\
? & 4 QC_—)
Once the design is com , the CAD re gﬂ(éfates a digital blueprint that

N
serves as the basis f the%anufac!’ning rm@ his phase of computer-aided
ena1

manufacturing (CAM) pas st |strr&production approaches, subtractive

manufacturing (@ add@nufa@lg (AM). Subsequently, the designed
o o
denture is t(r% intos p i}* ﬂa%&l based on the digital blueprint. This

manufact ocess [can sproduc \(a?jdenture base characterized by exceptional
: S
accurﬂ and/uniformity, refl?:‘cti,@&'ﬁe intricate details of the original digital design.

N
we integration of CAD-CAM technology not only eliminates many of the manual

S prone to human error but also significantly reduces the time required for
brication. It also allows for rapid adjustments and modifications without the need for
remaking physical molds or models, thus enhancing efficiency and patient satisfaction.

26



Furthermore, the digital process ensures a high level of reproducibility, resulting in

consistent and predictable outcomes (McLaughlin et al., 2019). Yv

The greatest advantage of digital technology is the ability to incor Q!)tricate
designs, textures, and advanced features with exceptional accuracy. CompleX patterns
and textures are digitally sculpted with precision, guaranteeing a,consistent replication

of these intricate details across different denture bases. r, digital denture

fabrication can integrate sophisticated mechanical co ts a'1d interlocking

features, all seamlessly executed through the precise controlfef C DMehn%ogy.

2.5.1 Subtractive Manufacturing \,: 0\
Subtractive manufacturing (SM)\%Jction pro tha <<C)Ives the removal

of material from a solid block or WO%E toac Mgd i %!hape and dimensions.

/‘Q,,
( -~
| }3,/

N,
This method involves cutting, deibling; millmg, orgrindi @ay excess material until

the final product is attai \ﬁth l nce sﬁ}of digital technology, the
incorporation of Co ded I‘\‘/I nuf t'l'ﬂingbCAM) has brought significant
&

advancement to s%e m@hg. Trﬁmgress is particularly notable through
the adoption OQ uter i Co 1‘8!' (CNC) technology. CNC technology

¢
empowers tomatign btéc@nanufacturing processes, allowing denture
NN
fabrication to be excép accu&e and consistent. This automation enhances the
ove iciency of the man@lﬁring process by introducing a streamlined process

a%ﬁhistently delivering uniform results (Al-Dwairi et al., 2023).

0 SM can create complete shapes effectively but at the expense of excessive

material being wasted. Due to the principle of subtracting milling of removing material

from a prefabricated blank to form desired shape and size, this method of fabrication
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requires the removal of excess material, often resulting in significant waste.

Approximately 90% of a prefabricated block is removed to create a typica I

restoration (Aati et al., 2022). Excessive waste materials are often ass(cj\shwith

several consequences, for instance, higher fabrication costs. As there ar materials

required to produce a single prosthesis, it could lead to a higher cost for the dental

laboratory or practice (Fouda et al., 2022). This can have a dirgct impact on the cost of
X.

the final prosthesis for the patient, which can make it less a '\ose who cannot

afford it. \d
@
N4

Moreover, the milling process involved the ng of burs, a e‘inﬂ‘fa?ion of

_ d b ¥
tool paths has constrained the product geometrWF!an uce/(Bae e%%”b( 2017). As
a result of which, SM is not favourable v% mes atin?;é;tal prostheses
with complex geometries and contourssw the denturegbase V\@n comprises many
ridges and troughs. Although this k h
@

involving an advanced miIIin\ ine

approach is poor as the inv?nnt otj men@chining is very costly (Fouda
(,) N

etal., 2022).

While man&n wh@rom tulism usually have low socioeconomic
N
status such as@oy er%e‘a’th i’nglfance, low educational attainment, and low

income, t d not be able 10 b n exorbitant price to have their oral disparities
4
treate ell etal., 13{ N~

=, S’
N
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Source: https://www.venusdentufeclinic.co.nz le-
L 4
de

Figure 2.4: Subtractive miIIinwumplatK

2.5.2 Additive Manufacturing \%

Alternatively, additive man ‘a!a’ng (,ﬁb'ﬁk o@\ as three-dimensional
(3D) printing, is a revolution %cti nappr cH thafé;awstructs objects layer by
layer from raw materials. T j\ds i H ‘Aractive manufacturing, where
the material is remove@‘:ﬁdjﬁ)ﬁ;k@igital 3D models are sliced into

N &
thin horizontal Iazq&d thesel la re seqéﬂ'lally built up to form the final object.
This method alw intrb% con@;%Q geometries that may be challenging to
a

2

iaf et al., 2021).
inventiom of the fifst"3D printing technology, Stereolithography (SLA)

>

in 4964, numerous 3D printing\c{e?chnologies have been pioneered (Jockusch & Ozcan,

—X

¥ In dentistry, several 3D printing technologies were commonly practised owing

Oheir low initial cost, fast fabrication, high precision, and suitable raw material (Prince,

2014; Yue et al., 2015). Among the commonly used AM technologies in dentistry are



vat polymerization, selective laser sintering, and material jetting. These technologies
share the fundamental principle of additive layering, but their mechanisms and m?m

differ from each other. 0}

3D printing builds up an object from nothing to something directly from its raw

materials, in the case of dentures, the raw materials are usuzy PMMA or

Y

dimethacrylates (Prpi¢ et al., 2020). In contrast with the SM, 3 ng produces little

iime be'ng environment

friendly. Additionally, since the AM doesn’t require as mu ec athact?xthe
N
SM, the maintenance, processing, and initial costér\/t IS signif ntlg/ Lé\z/’gr than
_ y - " P
SM. When it comes to productivity, 3D prmtmgWSImm{Q y pr@_rng multiple

objects at once. Multiple dentures, denta%n& crowns,

printed all at once as long as the obm in@u' volur@of the 3D printer
A

(Borrello et al., 2018). Since g@ole inti 0 (a)éis automated, human
¢

interference are minimal duri& entiruﬁejo? f&b&tion. Human technicians

will only take place in the devrepafng and post- ssing phase, including design

to no wastage during production, saving cost while at the s

surgical guides can be

[
of the denture with C,%‘lware, prepa the &/ rinter, removed the printed part

from the platform Nsequlant\t-proc ('é
&
Howev@wec anica }Biobg'i'éal attributes of 3D-printed dentures have

¢

been obs @all ;h t ofthose fé%tcated through subtractive manufacturing (SM).
2@

This d cy primarily sf;m from a lower degree of conversion in the 3D-printed
{/

=

d es. As a response, extensive research has been undertaken to enhance this

sion level. This includes incorporating filler particles into the resin matrix, post-
Oing the 3D-printed part with optimized duration, optimizing printing parameters and
others (Ai et al., 2017; D. Kim et al., 2020; P. Li et al., 2021; Aati, Aneja, et al., 2022).
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Notwithstanding, it's important to note that both digital methods, SM and AM have
demonstrated superior outcomes in terms of mechanical and biological propertlev'm
compared to conventional denture fabrication (Hada et al., 2021; Keliler et@ﬂ) A
recent study reported that denture wearers have a higher level of satld% towards
the 3D-printed denture base as it provides better retention and stabiR(?asaka et al.,
2019). This showcases the reliability and significant potential that digital technologies
hold in the field of dentistry. As these technologies contin me'and refine, they
have the potential to reshape the landscape of denture faBrication for ed patient

care (Alhallak et al., 2023). . ' _\“}

Source: Retrieve '/ rasdentlab.co. uk/products/dlgltal -dentures/
¢
% N%S’S[{J ting denture bases

L7

2. 5 t olymerization (,}’
en it comes to denture fabrication, vat polymerization is the preferred method
:‘%ication owing to its ability to produce high-accuracy dentures swiftly and cost-
ectively (Lee et al., 2023). Vat polymerization, often referred to as photo-curing 3D

printing, operates on the principle of photopolymerization. In this process,
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photosensitive resin is activated and polymerized through exposure to UV or visible
light. It is one of the most mature 3D printing technologies and is widely Vﬂn
fabricating dental prostheses. The first ever 3D printing technology t@been
developed, SLA, was categorized under this technique. Aside from SCAdigital light
processing (DLP), and liquid crystal display (LCD), are the other rrWs that were
categorized under the vat polymerization technique. While all ,ré% hniques operate

on the principle of photopolymerization, each technique's oach tc' polymerization

diverges from the others, resulting in distinct advantage ch Ien ohamed et
[ ]
al., 2019). [ _\b}

H-i.@ confi tlons the
the ESXQ> traint surface

e mt@nent of the build

These vat polymerization techniques can??lw
free surface approach also known as bc urati
approach or bath configuration, eacm ntiated by

1 A,
platform. In the "Bat" configurati uild C Q;néfrom the bottom, while
in the "Bath" configuratio éescen é‘n&l&je-down position. Both

configurations share key cow-mts m'helr m@up including a vat or reservoir

tank, a built platform, ource, d ag’ig w system An important distinction
lies in the prese&\\a er>]ibIe im afEiéJto the bottom of the vat in "Bat"

configuration es, h%re ]Ba}l‘){})nflguratlon lacks this component (Figure

2.6). (&v ,b), \é\&}
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Part source i '

Figure 2.6: Free Surface Configurationk(Bat)

In the printing process of "Bat" configurati@nes, the v
4

with liquid photosensitive resin. The build platl’v!h des@ the bogc:m of the

vat, coming into slight contact with the

between them. Upon activation of the

begins, causing the thin layer of re |%1 .
upward to create the next Ia@on £

detaches from the flexible f IS prlcess IS repeat ith each successive layer, and

(
the build platform wil% eto mo

eu _a'd gr the curing of each layer, away
from the vat. Eve&ywﬂl Ia)fers\mred, @ting in the printed object adhering to
the build platf In an upsi

p 2:)\ I

&
'orie@on (Lee et al., 2023).
On t@a handin the " thé'“\&ﬁfiguration, a contrasting approach is taken. In
’ 4
thisa whe lights rcé’is Q’Eﬁoned at the top, allowing it to cure the resin within

2 9
2 . .
the\{ an overhead position (Figure 2.7). In this setup, the build platform moves

s into the vat after forming each layer. Unlike the "Bat™ configuration, there is

Orequirement for a flexible film in the "Bath™ configuration, as the thin layer of liquid

resin is cured directly onto the layer before it. Nonetheless, this configuration does



present a distinct challenge in the form of potential chemical reactions with the ambient
air. Given that the printing layer is directly exposed to the surrounding envir !
there's an increased risk of unintended chemical interactions occurring. A@, the
"Bat" configuration is more frequently adopted in the 3D printing'ktry, as it
circumvents this challenge and promotes a more controlled cur environment
compared to the "Bath" configuration (Waheed et al., 2016). \,

Qg

heLight
source

‘A_
4 |

J1.8
Printed \,‘T
Part S\T
N
Vat
Platform Resin
Figure 2.7: Constaint ’ur%oa&cﬁ?draﬁe%}’f&ath)
. <

While these two confi ions sTres eral si@rities, their key distinction lies
in their mechanisms a X: s?‘e,rrjj;lzl:’ ; an ultraviolet (UV) laser beam
serves as the light Nfor re|sin erizgé‘f This UV laser is guided by a mirror
and a galvano@gao in‘g i qprgﬁ[}s_%tyy directed onto the liquid resin's surface,
effectively gugingthe pa c\e%o‘r:d@;to the cross-sectional pattern it follows (Koch
Scotti § OZO).’Ag-aZsult this approach, SLA printers can theoretically

: N -
aC\ ate larger print volmﬁés (Dizon et al., 2018). However, the printing speed of

SL relatively slower due to its reliance on a single moving laser beam for curing.

Oi aspect means that larger printing parts necessitate more time for completion.

Although it is feasible to print multiple parts simultaneously, the overall printing time

increases accordingly.
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DLP, in contrast, utilizes a high-resolution projector as its light source for the
resin-curing process. Much like the projectors used in theatres, a DLP prOJector
an image of the intended cross-sectional area of the printing part onto the@esm
This projection ensures that the entire cross-sectional layer is cured sim usly The
key element of this projector is the digital mirror device (DMD)Ttechnology
benefits from its advanced electronics, granting it an impressiv. g resolution (He
et al., 2018). However, it does come with a significant &:i terms of build
volume. To achieve the desired high printing resolution, the DLP rweeds to be

@

positioned close to the exposure plane to prevent pix

e e»ﬁels rowd@g:gh printing
resolution and speed, making it partlﬂ iyalted for c g s@‘rer parts (Quan et

placement of the projector is a trade-off for

(Chang et al., 2012). As a result, the DLP W

al., 2020). ,<\
The liquid-crystal displ &\D) technique i notalzj%km to the DLP technique
but with a distinctive differe he nfagl system |s technique employs an LCD

screen as its imaging s%wstea

diode (LED) array. &Nyoyedlas t
liquid resin. T%‘pqqtmg rgce
L

same time

DMD: On Qg?é other hand, a UV light-emitting

ight so@se to initiate the polymerization of the

gins &t}the exposure of the UV LED array, at the
s

pa il mask @he unprinted area, only allowing light to pass
throug asked c éctioé?rea and cure the entire layer at once (Shan et al.,
20 Avever during the pr@'ﬁg process, a small number of liquid crystal molecules

‘@« to rearrange and cause a small amount of light to bleed through the LCD panel.

0 a result, this technique will have a lower dimensional accuracy since the light bleed

through the LCD can cause over-curing on the printed part (Lee et al., 2023). While the

LCD approach offers satisfactory performance and precision, it falls short compared to
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the DLP technique in these regards. This divergence highlights the distinctions between
these two techniques' capabilities. Despite this performance gap, the LCD te

boasts an attractive feature in its affordability. Furthermore, it offers a g@\shnting
resolution and a rapid printing rate (Mohamed et al., 2019). This lﬂ'* of cost-
effectiveness and performance renders the LCD method a viable anoWnatic option

for additive manufacturing applications.

Table 2.1: Schematics and Attributes of Various Vat Po ';ati_orl Techniques
Stereolithography Digital Light uid Cr stWy (LCD)
(SLA) Processing (DLP) 1 PR af

i~ 3T

4

|-nJm-||-rL-|>_;|;-£g-_r_
V . L

‘F \ T 000 0000000099 ® (Crcen

Laser Mirror Projector N UV LED array
- ' £

Decent precision %x{p_ﬁllﬁ . Adequate precision
Scalable print volume print%@? _«“Adequate print volume

Slow printing rate ftpfinting rate <\ Adequate printing rate
Layers were cured line- he entife lay WasS The entire layer was cured at

by-line %cured a g time the same time
\ | o %()’ Source: (Lee et al., 2023)
Various f@an ifg*[h%v@ysical, mechanical, and biocompatibility

attributes o -peinted en?e 'I{le%jactors include layer height, material, printing

orientatw ting tc gy ar@ers a(Zhang et al., 2019; Unkovskiy et al., 2021;

Wa l., 2021; AI-QarniQ}éad, 2022). In a recent study, a comparison was

co\ed on the flexural properties and cytotoxicity of interim materials produced

0 g DLP and LCD technology (Chen et al., 2021). The findings suggested that the

photosensitive resin designed for DLP 3D printers could be effectively employed on an

LCD printer with suitable settings. Notably, LCD-printed interim materials exhibited
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comparable flexural properties to DLP-printed counterparts when post-polymerization
was appropriately managed. Another investigation scrutinized the flexural pr?ﬂ!s
and accuracy of distinct 3D-printed denture base resins via SLA and DLP @ (Al-
Qarni & Gad, 2022). While the SLA printed part exhibited higher%acy error
compared to DLP, their flexural strength remained akin. However, arWy arose due

to the use of diverse proprietary resins, which made it unclear whe the mechanical

properties were influenced by the material or the printing t oZgy

Additionally, a recent study explored the surfacewhar ness ted
orthodontic aligner materials printed by LCD and e nlqu;ﬂsét ("2022)
' 4
It suggested a slightly superior hardness was ac fro e ap h, though
variations were expected due to the diff wenals se mﬂaﬁ&amother study
f;? &
S

focused on the surface roughness and inted@mre base printed

A
with two different DLP printers wi %rent;&v Sie
? )

ns (Al-Dulaijan et al.,
2022). The results showed that strface roughness rﬁ‘aine&naﬁected,while different

sofa3

*‘7%-\

DLP printers did influen ace [hardnpess. Althdugh numerous studies have

o
established the influe% printing» esip’ an t-curing settings on mechanical

properties (Sriniv \gl 20'21 ovsk&al.,2021;Aati,Akram,etal.,2022; P.

Li et al., 20 n d pt qtio&)@j;\he effect of various vat polymerization
'

printing t |s absent: T S fa(,Sd,esplte some studies characterizing 3D-printed

dentur opert| |ty of data in the existing literature regarding the

. . \/ o

im the 3D-printed *&é’hture base when produced using different vat

‘@rization techniques.

37





