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Abstract

The aim of This review article compares the use of a computer-aided design (CAD) system, and laser milling in fabricating
dental prostheses made of zirconia ceramics (TZP).Since Land made the first all-ceramic crown with low-strength feldspar
porcelain in 1903 [1], dental all-ceramic restoration materials' mechanical and aesthetic properties have been significantly
evolved. Therefore, In dental clinics, these are commonly utilized. Many ways for fabricating all-ceramic dental restorations
have recently been developed [2]. All-ceramic materials, on the other hand, are fragile and difficult to work with due to their
high hardness and low fracture toughness. Zirconia ceramics are utilized in dental restorations because of their strong me-
chanical qualities, which allow them to be employed as entire ceramic restorations for long-span bridges. Milling fully sintered
Zirconia might be difficult because of its extreme hardness. Instead, a CAD/CAM system is used to grind a partially sintered
zirconia block, which is then sintered in a furnace. Sintering results in a linear shrinkage of 15% to 30%. |3]. For the softer
pattially sintered stone, milling efficiency is improved. To avoid restorative unfitnesscaused by sintering shrinkage, scanning
operation, and milling [4]., laser machining of high-hardness Zirconia is employed. In dentistry, a vatiety of lasers are now
operational.
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Introduction Yttria stabilized zitcon

In the last 30 years, the production technology for dental resto-
ration has developed rapidly. Digitalization, simulation, the use
of additive technologies, and lasers are the four primary themes
in the process. This simulation was the first, and because to ad-
vances in computer technology, it has progressed quickly from
mathematical calculations and analysis to 3D modeling and visu-
alization. As a result, Computer-Aided Engineering (CAE) was
created to generate the best-designed dental repair using the most
technologically advanced technology. Recently, laser milling has
been used to overcome CAD/CAM problems duting the manu-
facturing process of zirconia ceramic restorations. The focus of
this article will be on CAD/CAM systems and laser milling to
manufacture dental restoration made of zirconium. [5]
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TZP ceramic has excellent mechanical properties at roomtem-
perature; therefore, it is considered the best choice for ceramic
restorations [6]. Depending on the temperature, unalloyed Zirco-
nia takes one of three crystalline forms: monoclinic, tetragonal,
or cubic. Among the three crystal types, tetragonal Zirconia has
the best mechanical characteristics. Various oxides (such as CaO,
MgO, Y203, or CeO2) are employed to achieve a stable tetrago-
nal phase in Zirconia at room temperature |7, 8|. To assess phase
stability, transformability, and mechanical properties, these oxides
should be introduced in an appropriate amount [9]. Because of
its comparatively tiny grain size and four-directional monoclinic
phase transition, the 3 mol percent yttria-stabilized tetragonal Zir-
conia polycrystalline (3Y-TZP) possesses exceptional mechanical
properties.
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This leads to a 4 — 5% increase in volume |8, 10], inhibiting crack
propagation by the closure of the crack tip [9]. To circumvent the
issue of chipping of porcelain layers put over Zirconia, mono-
lithic (full-profile) (Y-TZP) restorations have recently been devel-
oped [11-13]. Because of its high strength of over 1000 MPa and
outstanding fracture toughness of 4 to 5 MPa, Y-TZP is perform-
ing well in dental ceramics.

The increased translucency of the new zirconia materials was ob-
tained through microstructural alterations such as alumina reduc-
tion, density increase, grain size reduction, addition of Cubic Zir-
conia, and reduction of impurities and structural defects.[14, 15].
The first attempt at obtaining translucent ceramic materials was
done by increasing the grain size during sintering [16]. Larger
grains result in fewer grain boundaties, which reduces light scat-
tering; nevertheless, larger crystal grains degrade both the me-
chanical characteristics and tetragonal phase stability of Y-TZP;
hence, increasing the grain size of Zirconia does not result in in-
creased translucency.

Another technique to make Y-TZP more translucent is to reduce
the grain scale. However, before reaching a threshold number
that mitigates the so-called birefringence phenomena, the crystal
grain size must be lowered. The high amount of tetragonal crystal
phase (> 90%) in Y-TZP causes birefringence, which is a type
of crystal with different refractive indices based on its crystallo-
graphic orientation in the microstructure. Significant light scatter-
ing is caused by the anisotropic behavior associated with refrac-
tive index variance.. Cubic Zirconia is used to counteract these
scattering effects due to its optically isotropic properties, which
increases translucency [15, 17].

Ultra-translucent Zirconia is drawing attracting much attention.
Because they have a good aesthetic look. Due of the enhanced
cubic-zirconia content, the high translucency came at the expense
of strength and transformation toughening ability. To overcome
these issues, glass will be infiltrated on the surface of ultra-trans-
lucent Zirconia. (5Y-PSZ)[18].

CAD/CAM system

CAD/CAM dentistry can provide vatious dental restorations, in-
cluding crowns, veneers, inlays, fixed bridges, dental implant res-
torations, and orthodontic appliances.|19]

CAD/CAM systems are divided into two categories: chair end
and laboratory.

a-Lab — CAD/CAM for dental laboratories [20)]
b-Chairside CAD/CAM Restorations [21]

As a result of digitalization, the first Computer-Aided Design
(CAD) — Computer-Aided Manufacturing (CAM) systems were
developed in the 1970s [22, 23]. Dr. Duret was the one who pio-
neered the use of CAD-CAM in dentistry. For a prepared abut-
ment tooth, an optical impression was taken. After that, a crown
was made with a numeric control machine. In the year 1971, he
accomplished this feat in the realm of dentistry. [24]. After that,
T Miyazaki and his colleagues worked on the Sopha system and
attempted to introduce it, but the system was not widely accepted
[25]. Mormann introduced a commercial designed CAD CAM

https://scidoc.org/IJDOS.php

system ( CEREC)in 1985 [26]. After obtaining a digital impres-
sion from an intraoral camera, he made an inlay from ceramic
blocks. This system has been successfully used to manufacture
crowns, inlays, onlays, etc., worldwide. Dr. Anderssondeveloped
the Procera system in the mid-1980s and replaced nickel-chromi-
um alloys on titanium for machining [27].

CEREC2 was introduced by Siemens in 1994. Inlays, onlays, ve-
neers, crowns, and copings can all be made with this method.
CEREC's third version, which can create inlays, veneers, partial
and complete crowns, copings, and virtually automatic occlusal
corrections, is now in use. Sirona introduced this technology in
2005, which is essentially an enhanced version of Sirona's CEREC
3 system, which was first introduced in 2000 but only worked on
two-dimensional principles and couldn't make anatomic occlusal
corrections.[28].

The geometry of the parts to be produced is defined in the first
CAD stage. The information used for production will be merged
in the second stage, the CAM stage, and the main production
machine will be controlled.[29-31].

Three practical components make up CAD-CAM systems: 1) a
scanner that translates geometry into digital data that a computer
can process; 2) software that analyzes the scanned data and pro-
vides a data set that a fabrication system can read; and 3) fabrica-
tion equipment that takes the data set and fabricates the recon-
struction.|32, 33].

The data for the 3D model is gathered through indirect scanning
of the plaster model during the initial stage of CAD develop-
ment. The dentist (taking an impression) and the dental technician
(producing a dental construction) undertake the initial procedures
by hand in this situation (pouring the plaster model). After that,
the plaster model is scanned utilizing either contact [34, 35| or
reduced contact scanning, 36, 37].

Specialized software builds a virtual 3D model from scanned data,
which is subsequently sent to the CAM machine for manufac-
ture. As a result, the actual dental structure or the polymer casting
model can be machined using stereolithography (3D printing)|38,
39].

In the next stage of CAD development, data can be obtained
by directly scanning the prosthetic area in the patient's mouth.
This stage is the most recent result.Introduce an intraoral scan-
ner. Many software packages are available for designing crowns,
bridges, and partial denture frames in less than 20 minutes [30].

In comparing CAD-CAM restorations with the conventional one,
CAD-CAM offers quick and easy fabrication of ideal restoration-
Intraoral Scanning requires less time than a traditional impression,
and patients can obtain their restorations in one appointment us-
ing the chairside technology. Despite the high quality of these
restorations, certain flaws exist, related to;

1) The precise internal fit of the restoration depends on the size
of the available tool.

2) Many materials are wasted because sometimes, about 90% of
the initial block can be removed [30].

3) Wearing of the milling tools.

4) Ceramic is a brittle material; Microcracks can appear on its sur-
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face due to the processing [32].

In addition to these limitations, cost remains a significant issue.
Vita Mark II or Dicor (Dentsply). Some machinable glass-ceram-
ics were employed in eatly dental CAD/CAM restorations. These
monochromatic ceramics feature great aesthetics, biocompatibil-
ity, color consistency, low heat conductivity, and wear resistance
while being monochromatic [39]. They're used to make inlays,
veneers, and crowns. Dicor and Vita Mark II are not suggested
for posterior crowns due to their poor mechanical qualities. As a
result, dental restorative materials made of alumina and zirconia
are becoming more popular [40-44]. Presenting alumina or zir-
conia blocks machined using CAD/CAM technology and then
veneered with ceramics meets the requirement for all-ceramic
posterior crowns and fixed partial dentures.

CAD/CAM technology is required to make these ceramic agents
cost-effective. Sadoun and Degrange [46], for example, first men-
tioned In-Ceram 1 [45], which has been demonstrated to have
good flexural strength and clinical efficacy. Traditional pottery
restoration, on the other hand, can take up to 14 hours to com-
plete.[47, 48].

Grinding fully sintered zirconia material is difficult, and a single
unit takes three hours to accomplish. Although milling copings
from pre-sintered alumina or zirconia blocks takes 20 minutes,
it cuts glass infiltration time from 4 hours to 40 minutes, reduces
tool loading and wear, and improves accuracy.

Under stress, the stable tetragonal phase can be changed to the
monoclinic phase with a 3-4% volume increase. As a result of
the dimension transition, compressive stresses are formed, which
restrict fracture growth. This is referred to as "transformation
toughening," and it is this process that lends Zirconia its "smart
ceramic"” label. To offer aesthetics and reduce wear of the oppos-
ing teeth, zirconia copings are laminated with low fusing porcelain
[49, 50]

Laser milling

As mentioned before, two different types of zirconia blocks can
be used in CAD/CAM applications. The first one is to use fully
sintered compact blocks for CAD/CAM manufacturing. Because
the procedure does not require shrinkage, this application has a
better fit, but it has a disadvantage in terms of machinability due
to greater milling tool wear. Furthermore, the creation of micro-
cracks in the material during the grinding process may diminish
the restoration's mechanical endurance. The second application
employs partially sintered and green blocks for CAD/CAM
manufacture, followed by post-sintering to achieve a strong final
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product [20]. The advantage of this application is that it is easy
to machine without causing too much wear or material chipping
on the tool. However, since a large amount of shrinkage occurs
during the post-sintering process, it is necessary to compensate
for the suitability of the frame by adjusting the size of the CAD
program involving the frame [51].

In order to overcome this problem, laser milling is the best solu-
tion.

Laser milling (LM) is a layer manufacturing technique in which
material is removed by a laser beam using an ablation device. It
has obvious advantages over traditional milling, such as an un-
restricted material variety, direct use of computer-aided design
structure data, high geometric flexibility, and non-contact tools.

The ablation depth in LM, unlike mechanical milling and mechan-
ical incision, is determined by process factors such as laser power,
scanning speed, pulse duration, and pulse frequency. These pa-
rameters are chosen at the start of the process as an input param-
eter [52].

Laser machine

The structure diagram of the laser system and laser processing
system used in the research conducted by Peixin Hu et al. [53] is
shown in Figure 1.

Laser manufacturing offers numerous benefits, including low tool
wear, supetior environmental safety, high processing accuracy
and performance, and low noise. Furthermore, because the laser
beam's diameter is at least ten times smaller than the diameter of
a traditional milling bur, it can mill crowns with high-resolution
details.

Ahmed El Gamal and colleagues published a study in 2015 that
used 10 W carbon dioxide lasers and neodymium-doped yttrium
aluminum titanium ore (Nd: YAP) lasers to modify the surface of
two types of ceramics IPSe.max CAD) and (IPS e.maxZirCADs)
[54]. They discovered that CO2 and Nd: YAP lasers can change
ceramics and increase bonding strength without using any chemi-
cals.

Peixin Hu et al. [53] conducted a study to use ultrashort pulse
laser (USPL) for making dental restorations from dental ceramic
blocks. The results indicated that the processing method could
reduce manufacturing costs and improve milling efficiency and
precision.

A study was conducted in 2018 to compare the CAD/CAM mill-

Figure 1. Laser system and laser processing system structure diagram.
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ing system with a three-axis and five-axis Nd: YVO4 fiber semi-
conductor laser system for milling zirconia prostheses, and they
discovered that the five-axis laser milling group produced the
most satisfactory manufacturing results; the roundness of edges
and internal shapes is almost perfect. The three-axis laser group
and the conventional group, on the other hand, have no discern-
ible differences.|55]

Ohkuma K et al. [56] developed a laser milling machine for di-
rect milling of fully sintered zirconia blocks. They began with a
three-axis laser milling machine for zirconia prostheses, but due
to its processing limitation (milling the sample in the prosthesis'
longitudinal direction), they developed and built a five-axis milling
machine that can produce zirconia prostheses suitable for clinical
use. The number of axes and the movement of the machine tool
are the key differences between a five-axis milling machine and
a three-axis milling machine. When compared to three-axis laser
milling and traditional heating specimens, the research findings
reveal that a zirconia crown made from a fully sintered zirconia
block utilizing a five-axis laser milling system has exceptional di-
mensions and shape accuracy.

Compared with other methods, the use of laser processing ce-
ramics has many advantages. Laser processing is a non-contact
technology that can process many types of ceramics with high
precision and eliminates expensive processing costs. The nano-
second Nd:YVO4 laser machine has successfully fabricated a cop-
ing from fully sintered Y-TZP [57].

Nanosecond pulsed Nd: YAG lasers are suitable for precision ma-
chining of a Y-TZP ceramic. However, it has been demonstrated
that the process is highly non-linear, with ceramics having a very
poor absorption rate before reaching a strength threshold, and
successful material removal only achievable above this threshold.
Preheating with earlier laser pulses can change this threshold, dra-
matically improving the process's performance.|58|

Conclusion

The advent of computer-aided manufacturing technologies and
subsequent developments have revolutionized dentistry's stand-
ard workflow, and practitioners are rapidly moving from tradi-
tional to digital dentistry. As a result, intra-oral scanners have be-
come a standard device in dental clinics, despite their high cost.
One of the primary motivations for this digital transition is to
assure consistent manufacturing quality while reducing chair time,
as a fully digital workflow promises. The current state of dental
CAD/CAM systems and laser milling, particularly in the produc-
tion of zirconia ceramic crowns and bridge restorations, is dis-
cussed in this article.

In the past ten years, dental ceramics and processing technology
have undergone significant changes, most of which are identified
with new microstructures and processing methods (CAD-CAM
and laser milling).

Due to the main disadvantage of CAD-CAM SYSTEM, the mill-
ing bur wear that affects the marginal fit and internal fit of the
crown so need frequent changing the milling bur this confirmed
by a recent study to change milling burs at a proper frequency to-
maintain the accuracy of fit for CAD/CAM fabrication of dental
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metal prostheses. Periodicchanges in milling burs were required
to achieve the quality of fit and predictable outcomesfor dental
CAD/CAM prostheses. Moteovet, improved durability of cutting
edges in milling burs will reduce the fabrication costs for dental
CAD/CAM prostheses with lowmachinable materials.[59]

Aesthetic multilayered restorations are more liable to pilling;
accordingly, using monolithic restorations is the ideal solution
Zirconium oxide ceramic (Y-TZP) materials processed by CAD-
CAM or laser are considered the ideal choice because they have a
high strength level of more than 1000 MPa and excellent fracture
toughness of 4 to 5 MPa, which are superior in dental ceramics
Performance. Compared with the traditional Y-TZP, the micro-
structure of the Y-TZP of the complete prosthesis has been ad-
justed to improve its translucency.

In the manufacture of zirconia dental restorations, subtractive
manufacturing has largely supplanted additive manufacturing,
however additive manufacturing is gaining traction as a prospec-
tive alternative. The purpose of this in vitro study was to compare
the output of stereolithography (SLA) and milling while fabricat-
ing monolithic zirconia crowns with a variety of finish line de-
signs. They concluded that by comparing the efficiency of SLA
and milling in fabricating monolithic zirconia crowns with vari-
ous finish lines, they could compare the fabrication accuracy and
margin quality of monolithic zirconia crowns with various finish
lines. According to the findings, both SLA and milling can make
monolithic zirconia crowns with comparable precision. On the
other hand, when any of the two techniques is used, knife-edged
crowns are prone to wide margin chippings.|60]

Based on the data obtained from this review article, we can con-
clude that the laser milling system performs well in making zirco-
nia prostheses with precise dimensions and shapes and has higher
accuracy than the CAD/CAM system.
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