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Utilization of computer-aided design/computer-aided manufacturing (CAD/CAM) rapidly increases in dental
medicine. Making of computer-engineered complete denture is based on scanning of patient data, designing
of prosthesis and milling or rapid prototyping. This is digital denture, term that includes innovative devices,
software programmes and corresponding materials. Industrially polymerized cross-linked polymethyl
methacrylate (PMMA) is the material used for fabrication of digital denture. The aim of this study is to
analyze the different cross-linked PMMA used for fabrication of CAD/CAM complete denture.
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Utilization of computer-aided design/computer-aided
manufacturing (CAD/CAM) increases in dental medicine
since mid-1980 when it was introduced [1]. It has started
with single-unit restorations (inlays, onlays, crowns) and
now is extended to multi-unit restorations (bridges,
implant-supported prosthesis and dentures). Making of
computer-engineered complete denture is based on
scanning of patient data, designing of prosthesis and milling
or rapid prototyping (fig. 1). This is digital denture, term
that includes innovative devices, software programmes
and corresponding materials. The CAD/CAM manufacturing
process reduces the chair time, by reducing the number of
appointments. Commonly, computer-engineered
complete dentures need two clinical appointments. The
first appointment involves clinical data collection (clinical
records) and second appointment involved placement of
computer-engineered complete denture. Optional, a third
appointment can be included for a trial placement.
Fabrication of complete denture with the help of CAD/
CAM technology is related with apparition of high-density
polymers based on highly cross-linked polymethylmethacrylate (PMMA) [2].
PMMA is the most popular material used for fabrication
of partial or complete denture, due to its advantages: good
esthetic characteristic, low water absorption and solubility,
adequate strength, low toxicity, easy repair and simple
processing technique [3]. Disadvantages include: porosity,
presence of residual monomer which is a potential allergen,
increased finishing time, brittle and uneven thickness [4].
Reinforcements with different materials were made in
attempt to improve the mechanical properties [5-7], but
allergy and citotoxicity of PMMA was frequently debate,
especially in case of complete denture wearers [8,9].

PMMA is a thermoplastic, transparent, environmental
stable plastic, with chemical formula (C5O2H8)n. It is a
strong, but lightweight polymer with a density of 1.17–1.20
g/cm3 [10] possessing a compressive strength between
85 and 110 MPa and a tensile strength between 30 and 50
MPa [11]. PMMA possesses a relatively high coefficient of
thermal expansion, and during polymerization in situ,
temperatures can reach high values as 40 and 56°C [12].
Consequently, during curing process in vivo can result in a
shrinkage of around 6-7% [13] and cause a lack of optimal
feet and tissue irritation. PMMA has a maximum water
absorption ratio of 0.3-0.4% by weight [14], and this
modifies tensile strength, which decreases with water
absorption [15].
PMMA is the synthetic polymer of methyl-methacrylate
(MMA) (fig. 2). The process of obtaining is called
polymerization and is the formation of very large molecule
by the connection of many small, linkable, molecules called
monomers. The double bond in MMA monomers allow
them to bond to one-another when the appropriate
conditions are present. The polymerization reaction is
generated by production of free radicals, like benzoyl
peroxide and it is induced by: heat (heat-curing), chemical
(auto-curing) curing or light (light-curing). These initiate
the polymerization process and MMA monomer, will begin
the polymerization process by linking repeatedly,
increasing its molecular weight many thousand fold. During
this process not all the monomer molecules are converted
and consequently, some monomer molecules remain
unpolymerized [16].
The disadvantages of PMMA are related with the
presence of this unreacted monomer (MMA). This residual
monomer is responsible for toxicity [17,18], low

Fig. 1. Making of computer-engineered
complete denture

Fig. 2. Polymerization of methyl-methacrylate
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mechanical properties of PMMA [19] and water absorption
[20,21]. MMA is associated with immune hypersensitivity
reactions in the gingiva and mucosa, MMA molecules are
small and hydrophilic and diffuses fast into oral cavity and
body [22].
The polymerization temperature and time considerably
influenced the quantity of residual monomer content
[23,24]. Heated activated PMMA has high molecular
weight, less porosity, better strength, lower residual
monomer content and less distortion and initial deformation
when compared with chemically (auto) activated PMMA
[25,26].
PMMA can de synthetized as simple linear chainstructure or cross-linked (complex three-dimensional
network). Cross-linking is a method in which polymer
structure is modified by the process of interlinking the
polymer chains through ionic or covalent bonds. This
process is carried out by using chemical cross-linking or
physical procedures with the purpose to improve physical
and chemical properties of new cross-linked polymer. In
case of PMMA, cross-linking increases rigidity, craze
resistance and creep [22]. Craze resistance is the tendency
of resins to form minute surface cracks and creep is
resistance to deformation of denture base under load due
to viscoelastic properties.
The aim of this study is to analyze the different crosslinked PMMA used for fabrication of CAD/CAM complete
denture.
Experimental part
Presentation of available cross-linked PMMA polymers used
for fabrication of digital complete denture
At present, there are more systems are available for
production of CAD/CAM dentures: AvaDent™ (Global Dental
Science), Baltic Denture System™ (Merz Dental GmbH),
Ceramill Full Denture System (Amann Girrbach AG),
DENTCA/Whole You™ (DENTCA, Inc; Whole You, Inc), and
Wieland Digital Denture™ (Ivoclar Vivadent, Inc), which
provide CAD/CAM fabrication of complete dentures. These
systems provide tools for registration of patient data,
scanner, software, milling device and materials for digital
denture fabrication.
This study focusses on polymeric material properties
for digital denture base (table 1).
ISO standard for polymeric denture base 20795-1:2013
[27] requests the following specification for acrylic
polymers:
-no voids that can be observed by visual inspection,
-ultimate flexural strength shall be not less than 65 MPa;
-flexural modulus shall be at least 200 MPa,
-the upper limit for MMA residual monomer is 2.2% mass
fraction,
-water sorption must not exceed 32 µg/mm3,
-solubility in water must not exceed 1.6 µg/mm3.
AvaDent™ digital dentures are precision-milled from a
patented bio-hygienic puck of acrylic and milled or bonded
teeth processes can be selected. The base is AvaDent™
puck, a specially crafted acrylic puck, extreme crosslinked, produced industrially under much higher pressure
than that used in a traditional injection process. AvaDent™
provides three types of milled dentures [28]:
-XCL-2, a monolithic denture (the teeth and the base
are a single unit) that is fully-milled (base and dentition)
from an individually made AvaDent™ puck with
polychromatic milled teeth;
-XCL-1, a monolithic denture that is fully-milled (base
and dentition) from an individually made AvaDent™ puck
with monochromatic milled teeth;
-milled base denture with bonded teeth from different
tooth mould manufacturers (Candulor AG, Ivoclar Vivadent
AG, Dentsply International Inc).
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The AvaDent PMMA™ puck is compatible with Wieland,
Sirona, Zirkonzahn, Datron and Roland milling machines
[29].
Results and discussions
The following parameters were analyzed in comparison
with conventional denture: flexural strength, reproduction
of details, bacterial adhesion and concentration of residual
monomer.
The flexural strength of the pre-polymerized CAD/CAM
milled acrylic resin group was higher than that of
conventional method groups of compression molded and
injection molded [30].
The CAD-CAM fabrication process of complete denture
was the most accurate and reproducible denture
fabrication technique when compared with pack and
press, pour, and injection denture base processing
techniques [31].
The AvaDent™ processed material is more hydrophobic
than the conventional processed material what will result
in a more bio-hygienic denture and did not increase the
bacterial adhesion significantly when compared to
conventional processing of complete denture and exhibit
20% lower concentration of residual monomer [32].
Baltic Denture System™ permit quick and easy
fabrication of full dentures with different tooth libraries from
different tooth manufacturers (VITA, Merz Dental and
Heraeus Kulzer) with base made from a highly cross-linked,
industrially polymerized, monomer-free PMMA blank [33],
named BDLoad. It is a milling blank with integrated,
functional dental set-up based on PMMA. The teeth are
made of the prefabricated Polystar® also a highly crosslinked PMMA with organic modified polymer-network [34].
Compared to conventionally manufactured dentures, the
material properties in terms of volume stability, tensile
strength and a reduced monomer content of less than 1%
are significantly improved as a result of the controlled
polymerization during industrial production of the BDLoad
and the additional tempering process. The BDLoad residual
monomer content is under 1%, flexural strength is more
than 90 MPa and water sorption is than µg/mm3[33].
Ceramill (Full Denture System) describes a completely
continuous workflow for fabricating full dentures on a wax
base, which can be adjusted, if necessary, after try-in by
the dentist [35]. However, the milling machine from Amann
Girrbach AG, Ceramill Motion 2 compatible with VITA
VIONIC® BASE (VITA Zahnfabrik) is highly cross-linked,
industrially polymerized, monomer-free PMMA blank [36].
DENTCA/Whole You™ provide 3D printing dentures made
of a type of acrylic similar to PMMA which has the same
properties as conventional acrylic with the convenience
of curing through UV (ultraviolet) light instead of
temperature. The material fulfills International Standards
ISO 10993-1 and ISO 20795-1 [37]. The denture base is
then made layer by layer in a stereolithographic laser printer,
each of which is light-cured before adding the next layer,
with postcuring added in a light chamber. After that denture
base is fitted with preformed plastic teeth and cured in a
light chamber [38].
Ivoclar digital denture is a complete manufacturing
process for the rapid production of removable full-arch
dentures. IvoBase CAD is the denture base material, an
impact-resistant PMMA disc, industrially manufactured that
ensures a homogeneous material quality, without porosities
or air bubbles in the material. This enhances the fracture
resistance and increases the longevity of the denture for
the patient. As a result of its homogeneity, denture bases
made of these discs proved a significant difference in the
adhesion of Candida albicans to the complete denture
bases when compared with the conventional denture [39].
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Table 1
OVERVIEW OVER
PRODUCTION
SECIFICATIONS OF
DIFFERENT CAD /
CAM DENTURE
SYSTEMS

Teeth are made of Vivodent CAD, tooth-colored discs
milled from cross-linked material, which are suitable for
the individual tooth design and production of whole tooth
segment. Also teeth set from Candulor AG, Ivoclar Vivadent
AG can be used. Teeth are bonded to milled sockets into
denture base with IvoBase Bond.
IvoBase CAD has the following characteristics: flexural
strength ≥ 65 MPa, flexural modulus ≥2000 MPa, fracture
toughness Kmax ≥1.9 MPam1/2, overall work of fracture
Wf ≥900 J/m², remaining quantity MMA ≤4.5 %, water
absorption ≤ 32 µg/mm and water solubility ≤ 1.6 µg/
mm3 [40].
Numerous CAD/CAM systems for complete denture
appear in the market, the majority of dentures is milled
from pre-polymerized PMMA. There are systems, like
126

DENTCA/Whole You that use 3D printing for fabrication of
denture base, but in this case material is similar with
conventional PMMA. Computer-engineered complete
dentures have several advantages over conventionally
fabricated complete dentures.
Conventional denture fabrication presents sources of
errors due to volumetric shrinkage of impression, volumetric
expansion of casts, cast mounting errors and acrylic resin
denture base shrinkage.
CAD/CAM fabrication of complete denture is based on
laser scanning to digitize the final impressions and
subtractive manufacturing to mill the denture bases using
pre-polymerized PMMA cylinder. This block named puck
or disc is produced under high pressure and heat to generate
a cross-linked polymer. In CAD/CAM fabrication of
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complete denture volumetric shrinkage of impression
cannot be excluded as source of errors.
The CAD/CAM denture base is milled from PMMA pucks
that have been polymerized under high temperature and
pressure [41]. In this way is promoted the formation of
longer polymer chains [42] and therefore leads to a higher
degree of monomer conversion with lower values of
residual monomer.
The advantage of used of already polymerized PMMA is
that polymerization shrinkage has already taken place and
therefore the accuracy of the denture can be expected to
be improved.
Polymerization regimen is confidential, it is specified
just high-pressure. It is well-known that high-pressure
polymerization lead to synthesis of high-molecular-weight
polymers with well-defined structures with improved
fracture resistance [42]. The effect of pressure has been
reported to result in higher polymerization rates and in
polymers with higher molecular weights and lower
polydispersity [43-45].
Milled dentures are monolithic, base and teeth in one
unit, or teeth, which could also milled, are chemically
bonded to milled denture base.
Monolithic denture has the advantages of increases
strength and reduces fracturing, reduces denture breakage
and completely eliminates tooth delamination or loosing.
In conventional denture bonding artificial teeth to denture
base could lead to teeth detachment due to bond failure
[46].
The milled teeth have a better resistance to wear in in
vitro study when compare to conventional teeth [47].
A recent study [48] showed that in digitally fabricated
dentures, the manual placing of the teeth into the denture
base sockets can lead to deviations from the planned
arrangement and this is an argument in favor of monolithic
denture (base and teeth).
Many disadvantages of conventional PMMA are related
to presence of residual monomer. Since milled dentures
are produced from industrially polymerized PMMA disc, the
producers claim that ingredients like MMA and initiators of
polymerization are no longer present in denture. However,
residual monomer is inevitable for all PMMA-based
products no matter what the curing conditions are, but
extended time at high temperature can allow low values
to be attained [49].
Steinmassl et al [50] investigated the monomer release
after 7 days of water storage of four different CAD/CAM
systems (Baltic Denture System, Vita VIONIC, Wieland
Digital Dentures, Whole You Nexteeth). Conventional, heatpolymerized dentures served as control group. None of the
CAD/CAM dentures released significantly less monomer
than the control group. There was no statistically significant
association between the denture volume or denture weight
and the cumulative monomer release. The range of
monomer release was smallest among Baltic Denture
System dentures, which are monolithic. In most CAD/CAM
systems, the milling process produces denture bases with
customized sockets for the insertion of the denture teeth
that are then manually fixed into the sockets by using MMA
bonding agents. This argument is supported by another
study [51], which compares specimens of heat-cured
PMMA and CAD/CAM pre-polymerized acrylic resin blocks
and found a statistically significant difference in residual
monomer content in favor of CAD/CAM pre-polymerized
PMMA.
Another important parameter of PMMA denture base is
the water uptake since it can cause swelling of the denture
and change its mechanical properties. Wiedemair et al
[52] presented data regarding the water uptake of CAD/
CAM denture base of two different companies. The water
MATERIALE PLASTICE ♦ 55♦ No. 1 ♦ 2018

uptake was between 52.81 and 92.45 mg of water over
the course of one week for one company and between
141.11 and 206.43 mg for the other company. The weight
gain decreased steadily over the week and was only at
about 7 mg between the sixth and the seventh day,
indicating that the dentures were almost saturated with
water.
Milling device and type of milling is important to obtain
a high quality denture. Milling devices are classified
according to the number of milling axes: 3-axis, 4-axis
and 5-axis milling devices. The 5-axis milling machines
enable the milling of complex geometries with
subsections, are fast and expensive.
Milling under water cooling (wet milling) is
recommended for plastics since it prevents smearing and
distortion, ensuring optimum fit of the denture and teeth in
the tooth sockets. In addition, a smooth and ready for shine
surface is obtained. A recent study [53] inspects the effects
of mechanical polishing and chemical polishing on the
surface roughness of heat-cured, auto-cured and CAD/CAM
denture base acrylic resins. There is a statistical significant
difference between them, in favor of CAD/CAM denture
base; mechanical polishing produced lower surface
roughness of CAD\CAM denture base resin with superior
smooth surface compared to chemical polishing.
A smooth surface means a decrease in porosity and this
decrease in porosity might diminish the adhesion of
Candida to the dentures [54].
Conclusions
The available CAD/CAM denture fabrication systems
provide a variety of advantages: reduced chair time and an
improved quality of prosthetic device due to better fracture
resistance and smoother surface. Monolithic dentures,
teeth and base in one unit, have improved properties when
compare with milled denture with bonded teeth. Quality
of final denture depends also of type of milling machine
and type of milling.
Furthermore, the CAD/CAM process permits archivability,
providing digital records for future replacement needs.
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