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ABSTRACT 

   The introduction of new techniques combining digital workflow with dentistry has led to the 

development of new materials and new ways of producing and processing them. This is the 

case with lithium disilicate, a relatively new material in the history of dental prosthetics which 

for a long time was produced using the pressing technique and which today is gaining in 

popularity using the milling technique. 

   The aim of this study was to compare Pressed Lithium Disilicate and Milled Lithium Disilicate 

being monolithic or veneered among two parts.: flexural strength and marginal fit. 

   The method proposes a global transversal review of the different studies that have analyzed 

the different materials, comparing them among themselves when possible, by means of 

scientific literature analysis. 

   Many results are available today, often contradictory, not allowing to establish one 

technique superior to another but Regardless of this, the average variance between the Emax 

CAD or Emax press restorations assessed in this critical review was within the clinically 

acceptable range. 

    This investigation revealed similar mechanical properties between E.max CAD and E.max 

Press being both totally clinically acceptable. If one should choose between one and the other, 

one should base his choice on other aspects. A highlight that showed up of this investigation 

is more than the material itself, it is the workflow and the importance of the human influence 

during the process that matters. Regarding human influence, the more steps, the higher the 
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risk of variability in the result increase. Regarding workflow, the CAD CAM experience offer a 

simpler working procedure. 

 In the years to come, intraoral scanner will become more and more effective and widespread 

as they become more affordable. One can imagine that the CAD CAM procedure will overcome 

the use of Press system. 
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RESUMEN 

 

  La introducción de nuevas técnicas que combinan el flujo de trabajo digital con la odontología 

ha llevado al desarrollo de nuevos materiales y nuevas formas de producirlos y procesarlos. 

Este es el caso del disilicato de litio, un material relativamente nuevo en la historia de la 

prótesis dental que durante mucho tiempo se produjo mediante la técnica de prensado y que 

hoy en día está ganando en popularidad mediante la técnica de fresado. 

  El objetivo de este estudio fue de comparar el disilicato de litio prensado y el disilicato de 

litio fresado siendo monolítico o chapado entre dos partes: resistencia a la flexión y ajuste 

marginal. 

  El objetivo de este trabajo es proponer una revisión transversal global de los diferentes 

estudios que han analizado los diferentes materiales, comparándolos entre sí cuando sea 

posible, mediante el análisis de la literatura científica. 

 En la actualidad se dispone de muchos resultados, a menudo contradictorios, que no 

permiten establecer una técnica superior a otra, pero Independientemente de ello, la varianza 

media entre las restauraciones Emax CAD o Emax press evaluadas en esta revisión crítica se 

encontraba dentro del rango clínicamente aceptable. 

   Esta investigación reveló propiedades mecánicas similares entre E.max CAD y E.max Press 

siendo ambas totalmente aceptables desde el punto de vista clínico. Si hay que elegir entre 

uno y otro, hay que basar la elección en otros aspectos. 
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En los próximos años, los escáneres intraorales serán cada vez más eficaces y estarán más 

extendidos a medida que sean más asequibles. Cabe imaginar que el procedimiento CAD CAM 

superará el uso del sistema Press. 
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1. INTRODUCTION 

 

1.1. A bit of history 

 

   If dentistry is often associated with the use of the latest technologies in order to always have 

the optimum treatment. It is interesting to realize that some of these technologies have their 

roots in what is the most artisanal (1). 

  This is the case with ceramics; originally from the Greek, the term "keramos"  means pot or 

pottery (1). If the use of ceramics in dentistry happens to be relatively new, the desire for a 

durable and beautiful material is much less so. Indeed, most cultures over the centuries have 

associated the integrity of the face and therefore also of the smile with health, youth, power 

and strength. Thus the loss of teeth especially anterior was already requiring at that time an 

aesthetic solution(2).   

 

Figure 1  - First evidence of 4,000-year-old dental work found in Egyptian mummy 

https://dental-polishers.com/dentistry-in-ancient-egypt/ 
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  Although traces of dental practice were already found in ancient Egypt, particularly in Etruria, 

most of these treatments were dentures from human or animal teeth(1). It was not until the 

18th century that the use of porcelain developed in dentistry. Democratized in Europe in the 

1700s by massive imports from China and Japan, Chinese imported porcelain represented a 

huge market, so much  that China was dubbed  the "bleeding bowl of  Europe"(3). 

As a result, many unsuccessful investments for almost 200 years were made by notably the 

King of Poland and the Medici’s family in order to achieve the discovery of porcelain 

manufacturing. This period allowed an important development of alchemy, the roots of 

modern analytical chemistry that we know today.  (3) 

  One of the major steps towards the discovery of porcelain was made by the Conte Walther 

Von Tschirnhaus, he discovered that lime and sand could merge when combined and 

presented at extreme temperatures, especially thanks to an ingenious process of focal lenses 

of more than 1 meter in diameter with which it reached temperatures above 1436 degrees 

Celsius.  The material obtained at that time was close to porcelain. It was Bottger's 

replacement of lime by feldspar in the 1710s that introduced feldsparic porcelain, which 

would be the major ingredient in dentistry cosmetic porcelain (2).  

 

Figure 2 - Double lens burning apparatus of Walther Won Tschirnhaus  https://commons.wikimedia.org/ 
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  But it was in 1774 that porcelain was first used in dentistry. Alexis Duchateau, a French 

apothecary, complaining about his stained ivory dentures and noticing that his enameled 

ceramic tools remained resistant and clean, had the idea of making a ceramic denture. With 

the help of a Parisian dentist called Nicholas Dubois de Chémant they managed to overcome 

the material firing contracting problem and made at the Guehard’s  Porcelain Factory the first 

porcelain prosthesis(4). 

  De Chémant continued to work on the formulation by increasing the share of feldspar thus 

increasing transparency to obtain today's feldspathic porcelain(3). 

In 1808 an Italian dentist named Giuseppangelo Fonzi invented the first hybrid prosthesis 

"terrometallic" by successfully firing porcelain teeth on platinum pine to create teeth fixed on 

metals for the first time. This was possible due to the similar rate of thermal contraction 

between the two materials. This advance allowed more versatility in treatments as well as 

better aesthetics and better repairability (3). 

 

Figure 3 - Group of prosthetic terrometallic teeth with platinum pin. Teeth were made by Giuseppangelo Fonzi, Italy, ca. 
1808, and are from the collection of Vincenzo Guerini, Naples, Italy.  https://temple.pastperfectonline.com/ 
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  This constant demand for aesthetics and resistance increasing over time, dental ceramics 

experienced many modifications from the 1950s until today. Whether it was the addition of 

aluminum oxide by McLean to increase its resistance but which also increased its chipping (1) 

or in 1962 the discovery of a singularity in the expansion of a certain type of feldspar which 

through a process of fusion, crystallization and re-melting gave a new crystalline component 

not present at the origin, Leucite. It was later used to increase the dispersal of forces at the 

rate of 30 to 50% in ceramic powders and then in the first pressed ceramics  (3). 

All these modifications starting in 1710 with Bottger led to what we know today in ceramics: 

a vast field where there are a multitude of different dental ceramics each having its own 

specificities and indications (3). 

 

1.2. Classification of dental ceramics. 

 

   Even though classifications are totally artificial, they remain valuable tools because they 

allow us to better organize our knowledge on a certain subject. However, there is not a single 

universal classification of dental ceramics, these classifications have evolved over time, 

becoming more and more complex with the arrival of new materials and while one can find in 

scientific journals and articles, both classification and author, it becomes difficult to make a 

classification as exhaustive as precise (5). 

   In this work, all ceramic systems will be group according to two criteria: chemical 

composition and manufacturing technique based on the most recent items. 
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1.2.1. Classification by chemical composition. 

 

  When looking at the classifications by composition, we find quite regularly the classification 

of Kelly and Benetti which describes ceramic materials according to their glass composition. 

It presents itself as follows, a predominance in glassy materials, particles filled glasses, 

polycrystalline ceramics(3). If this classification presents an obvious problem since it does not 

explicitly clarify how much glassy material it takes to be included or excluded from the 

category of predominantly glassy materials, it poses a deeper problem. Indeed Kelly and 

Benetti postulated and it has been postulate in other articles(5), that a direct correlation exists 

between the quantity of glassy materials and the aesthetic result as well as the physical 

characteristics of the restoration(3). In this case, the more glass materials were found in the 

restoration, the better the aesthetic result and, conversely, the resistance. Thus, 

polycrystalline ceramics such as zircone had to reside in a framework indication and could not 

be indicated for aesthetic cases. However, if this observation was true in the early days of 

zircone, it is now more complex. With the development of polycrystalline materials we are 

now able to obtain more translucent zircones allowing their use not only as a substructure but 

also for total reconstructions (6). 

 

   In the same way the particles filled glasses materials are becoming more and more popular. 

Therefore, a classification that tends to predict the indication of a specific material is confusing 

since over the years the materials gain in development quality and this will necessarily 

influence their indications (6).  
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   Finally, the classification of Kelly and Benetti does not take into account the new arrival of 

highly filled with ceramics resin matrix materials that have just been added in the ceramics 

category by the American American Association (ADA)(6). 

 

According to the work of Stefano Gracis, the result is a more comprehensive and less exclusive 

classification that presents itself as: 

 

1. Glass-matrix ceramics:  non-metallic inorganic ceramic materials that contain a glass phase, 

in this family we can divide three groups: synthetic ceramics, felspathic ceramic and glass 

infiltrated ceramics. 

2. Polycrystalline ceramics:  non-metallic inorganic ceramic materials that do not contain any 

glass phase, then divided into four groups; alumina, stabilized zirconia, zirconia reinforced 

with alumina and alumina strengthen to zirconia. 

3. Resin-matrix ceramics: polymer-matrices containing predominantly inorganic refractory 

compounds that may include porcelains, glasses, ceramics, and glass-ceramics(6). 
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Figure 4  - Stefano Gracis classification of different ceramics, (6) 

 

1.2.1.1. Glass-matrix Ceramics. 

 

1.2.1.1.1. Feldspathic 

 

  The first porcelain used in dental and the one closest to what can be found naturally without 

modification. Only consisting of three basic elements: natural feldspar (which happens to be 

a mixture of sodium and potassium aluminosilicate), quartz (silica) and kaolin (5). Feldspar 

being the part responsible for the translucability of the material, quartz constitutes it the 

crystalline phase and the kaolin the elastic part (5). As explained previously thanks to a 

particular cooking process, appear leucite crystals which reinforce its physical characteristics 

that remain below other materials (60 to 70 MPa) but offering an aesthetic result as close to 

reality (7). 
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Among these we find the following brands:   IPS Empress Esthetic, IPS Empress CAD, IPS Classic, 

Ivoclar Vivadent; Vitadur, Vita VMK 68, Vitablocs, Vident (6). 

 

 

1.2.1.1.2. Synthetic leucite based 

 

  This is the first modification made to feldspathic porcelain, leucite has been used a lot to 

modify the thermal expansion coefficient which allows if one needs to fuse or cook at the 

same time porcelain with metal in the realization of ceramo-metallic crown for example (7). 

   But in this category of ceramics, leucite here allows to increase the flexural strength by 

artificially increasing the number of particles diffused in the material. The new generations 

have leucite crystals in the range of 10 to 20 microns allowing a homogeneous and more 

diffused distribution of forces as well as better behavior in terms of abrasion. They are then 

found naturally in the make-up of metal ceramic  restorations (7). 

  Among them are the following brands:  PS d.Sign, Ivoclar Vivadent; Vita VM7, VM9, VM13, 

Vident; Noritake EX-3, Cerabien, Cerabien ZR, Noritake (6). 
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Figure 5  - Microscope image a Sweeping the internal structure of leucite crystals -  (7) 

 

1.2.1.1.3. Lithium disilicate 

 

   Consisting mainly of a crystalline structure to the tune of 70% Lithium disilicate (Li2Si2O5) 

this ceramic has a much higher flexural strength than leucite glass ceramic, in the order of 350 

- 450 Mpa and a fracture rate three times lower (7). This is due to the internal structure of 

lithium disilicate crystals which have a form of small, tangled plates oriented in a totally 

random manner. This orientation allows the deflection and stop the micro-cracks that could 

take place. There is also, but in a lesser amount,  microcrystalline substructures of lithium 

ortho phosphate (Li3PO4) (7). 

   Unlike leucite lithium disilicate has a much higher expansion coefficient than the metal, not 

allowing it to be used in the manufacture of ceramic metal restoration. However, the 
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versatility both by its aesthetic characteristics and its strength makes it a material that can be 

used for any type of restoration. (7) 

Among them are the following brands;  3G HS, Pentron Ceramics; IPS e.max CAD, IPS e.max 

Press, Ivoclar Vivadent; Obsidian, Glidewell Laboratories; Suprinity, Vita; Celtra Duo, Dentsply 

(6). 

 

Figure 6  - Scanning microscope image of the internal structure of lithium disilicate crystals disilicate (7) 

 

1.2.1.1.4. Fluorapatite based 

 

  This ceramic was the solution to the problem left by lithium disilicate which was not being 

able to be applied in layers on metal while offering a flexural strength superior to leucite. Its 

crystalline shape is made up of hydroxyapatite (Ca10 (PO4)6OH2) like the enamel, it offers 

similar characteristics in terms of resistance (7). 

Among these we find the following brands:   IPSe.max Ceram, ZirPress, Ivoclar Vivadent (6). 
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1.2.1.1.5. Glass infiltrated: alumina, alumina and magnesium and alumina 

and zirconia 

 

  Nowadays they are much less used since the discovery of lithium disilicate and zirconia, they 

correspond to ceramics in which glassy matter is infiltrated into porous skeletal structures 

composed mainly of al2O3 alumina that can be hybridized with magnesium or zirconia (6). 

Among these we find the following brands:   : alumina(eg,In-Ceram Alumina, Vita); alumina 

and magnesium (eg, In-Ceram Spinell, Vita); alumina and zirconia (eg, In-Ceram Zirconia, Vita) 

(6). 

 

1.2.1.2. Polycrystalline Ceramics 

 

  One of the main characteristics of polycrystalline ceramics is the presence within it of 

crystalline microstructures giving them high strength as well as high fracture resistance. 

Therefore making them difficult malleable and therefore usable mostly via computer-assisted 

tailoring (8). The high-quantity presence of these microstructures increases opacity, which  

has made this ceramic a preferred choice for framework manufacturing (5). 
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1.2.1.2.1. Alumina 

 

  Constituted in almost all (99.5%) of Al2O3 and inaugurated by Nobel BioCare as a core 

material, it is one of the hardest materials since it reaches 17 to 20 Gpa. However, with such 

high hardness it is associated with a too much rigid elasticity module, making alumina a highly 

fractured material.  It falls into disuse as a result of the onset of stabilized zirconia.  (6) 

Among these we find the following brands:   : Procera AllCeram, Nobel Biocare; In-Ceram 

AL(6). 

 

1.2.1.2.2. Stabilized zirconia 

 

  Consisting of zirconium oxide also known as synthetic zirconia  at the height of 95%  partially 

stabilized by yttrium oxide The main characteristic of this material is its high tenacity due to 

the fact that its microstructure is totally crystalline (5). Above all, it has a reinforcement 

mechanism called "resistance transformation." This phenomenon discovered by Garvie in 

1975 is the following: the partially stabilized zirconia facing an area of high mechanical stress 

undergoes a crystalline phase transformation. Moving from a tetragonal phase  to a cubic 

phase it is accompanied by a 4% volume change to close the cracks (9). This property gives 

these ceramics a resistance to bending between 1000 and 1500 Mpa surpassing from a far the 

rest of the porcelain. These excellent features have made these systems ideal candidates for 

the realization of ceramic prostheses in areas with high mechanical compromise (5). But today 
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processes to make up zirconia by infiltration allow to imitate the color variations of the dentin 

and enamel as well as the  translucency (6). 

  Among these we find the following brands:   NobelProcera Zirconia, Nobel  Biocare; Lava/Lava 

Plus, 3M ESPE; In-Ceram  YZ, Vita; Zirkon, DCS; Katana  Zirconia  ML,  Noritake;;  Cercon  ht,  

Dentsply;;  Zirconia Prettau  ,  Zirkonzahn; IPS  e.max  ZirCAD,  Ivoclar  Vivadent;;  

Zenostar,Wieland  (6). 

 

1.2.1.2.3. Zirconia toughened alumina (ZTA) and alumina toughened 

zirconia (AZT) 

 

  It has been imagined materials that can benefit from both the properties of zirconia in its 

tetragonal form and the relative hardness of alumina. By adding unstable zirconia to alumina, 

we can increase its resistance to fracture. More than 50% of alumina is found in ZTA and 

conversely more than 50% zirconia in AZT. (6) 

 

1.2.1.3. Resin Matrix Ceramics 

 

   Recently included in ceramic’s classification because of the new ceramic definition given by 

the ADA in 2013 which is “pressed, fired, polished, or milled materials containing 

predominantly inorganic refractory compounds including porcelains, glasses, ceramics and 
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glass-ceramics.” This category is about materials containing at least 50% of ceramics filling in 

an organic matrix. (6) 

Among these we find the following brands: Lava Ultimate, 3M ESPE, Enamic, Vita (6) 

1.2.2. Classification by manufacturing technique 

 

  This classification is more intuitive and a simple way to represent different materials 

according to the method of making. It makes sense because it directly connects the material 

to its manufacturing method as it is known that beyond the importance of the physical 

characteristics specific to the material itself, the way in which it will be manufactured will also 

have, and at the same level, an influence on the final characteristics of the product. (9) 

 

1.2.2.1. Powder liquid 

1.2.2.1.1. Conventional 

 

  They are veneering materials that can be all glass or a mixture of glass and crystal 

components. (9). They are mixed and applied by hand either on a metal or ceramic framework 

or used alone for anterior veneers. (9)  

  The work consists of different steps that begins with compaction; in which the powder is 

mixed with water and a binder to keep fragile particles between them during this pre-firing 

period called the "green state". In this stage we try to condense between them the different 
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powders to obtain a high density of particles which will reduce the shrinkage at the time of 

firing. Vibrations are also used to help with water evacuation. (8) 

  The firing is done in a vacuum furnace to get rid of the air and the water during the process. 

First fired at low temperature to avoid crack when the water goes out, this first step of firing 

induces the porcelain fusing allowing a continuity at the contact points between the powder 

particles. In this stage the material is still porous, and it’s called low bisque stage. As the 

temperature goes high, the fusion of the particle increase permitting it to fill the gap between 

themselves, it goes with more contraction (around 20%) and compaction. At this final stage of 

firing, the sintering process will lead the particles to loss their form and will gave a highly 

glazed look.(8) 

 

1.2.2.1.2. Casting Slip 

 

  Mainly used for alumina or zirconia handmade veneered crown, the slip technique consists 

in a homogenous dispersion of the ceramic particles in water. The pH (power of hydrogen) of 

the water is then modified to get charged dispersed ceramics particles. The slip is then applied 

by hand on a gypsum dye with a brush to form the underlying core, the water being absorbed 

by the gypsum porous surface by capillary action. This alumina core is then fired with very low 

shrinkage (0.2%) then veneered with lanthanum glass that will molten and get between the 

alumina’s particles building a complex network. The last step will be the veneering of the 

restoration itself. (9) 
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1.2.2.2. Pressable 

 

  We find there, monochromatic porcelain or glass ceramics ingots that are heated and then 

press via an injection system into a molding using a conventional lost-wax technique. The 

restoration is then stained and glazed to match the aesthetic. (9) 

 

1.2.2.3. Computer-aided design and computer-aided manufacturing 

(CAD/CAM) 

 

   CAM is the use of a computer assisted milling machine to create by a subtractive method 

different prosthesis (inlay, onlay, crown, bridge, veneer) but also framework using blocks of 

different materials (can be ceramic or metal zirconia). It result to better properties in general 

regarding density and mechanical properties that the powder liquid or pressed system due to 

its standardization which lead to less human error (9).  

In the CAD/CAM system we find glass material as glass crystal which was the first ceramic 

block material produced specifically for the CEREC system the glass/crystal block branded as 

VITABLOCKS Mark II are constituted of very fined grained powder resulting in a nearly pore 

free result. They are available as monochromatic but also with different type of shade stack 

one upon the other to form a bespoke color to match the patient tooth(9). 

We find as well glass/leucite based materials, lithium disilicate and zirconia that can be used 

to form full contoured prosthesis work or framework(9). 
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1.3. Characteristics used to compare ceramics prothesis materials 

 

1.3.1. Flexural Strength 

 

   The flexural strength is a physical force expressed in MPa (Megapascal). It characterizes the 

ability of a material to withstand plastic deformation. Indeed, beyond a certain applied force 

the material undergoes an irreversible deformation that results in the fracture. The 3 points 

bending test is therefore used to measure and calculate fracture resistance. The principle of 

the test is to place a 25mm long by 2mm wide and thickness material bar to be tested on two 

supports at each end and then apply increasing force to the center of the bar until the bar 

breaks. This applied force is calculated according to the following formula (10): 

𝑥 =
3Pl
2𝑏𝑑! 

where: 

P= the ultimate load at fracture, 

l= the distance of the supports, 

b= the width of the specimen, 

d= the thickness of the specimen. 
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1.3.2. The marginal Fit 

 

  The external seal or marginal adaptation consists of the edge of the prosthesis, the limits of 

the prepared dental surface and the thickness of exposed cement. Ideally, the marginal area 

should be closed with a continuum between unprepared dental tissue and the prosthetic 

edge(11). Failing to get a complete closure, the marginal space will be as thin as possible. In 

1970, the ADA set the threshold for clinically acceptable marginal adaptation at 40 µm. But, 

this order of magnitude is difficult to obtain in practice. It was then reassessed in 1971 at 120 

µm (12). Starting at a marginal opening of 150 µm, the dissolution of the sealing cement 

creates a marginal hiatus that promotes the accumulation of bacterial plaque, responsible for 

periodontal and dentin-pulp pathologies(13). Therefore, the entire prosthetic chain, both 

clinically and in the laboratory, will focus on the lowest possible joint values in order to avoid 

these deleterious consequences. Hence, the interest of the evaluation of the dental-prosthetic 

joint of the prosthetic restorations fixed. To this end, several methods are described in the 

literature without real consensus around an ideal method(14). To assess the marginal 

discrepancy, the measurements established by Holmes are used (15). 

    In 1989, HOLMES proposed a standardization of terminology in order to make it possible to 

compare the results of various studies. He also described the different parameters of cervical 

adaptation (15). 

1. Internal space: It is the distance measured perpendicularly from the inner surface of 

the prosthetic part to the wall of the dental surface (15). 
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2. External or marginal space: This is the smallest distance between the dental tissues 

and the prosthetic crown at the level of the marginal opening (15). 

3. Vertical marginal space: The distance between the prosthetic margin and the 

preparation margin measured parallel to the abutment axis (15). 

4. Horizontal marginal space: This is the marginal defect measured perpendicular to the 

abutment axis. It is the distance between the prosthetic restoration and the 

preparation measured perpendicular to the preparation axis (15). 

5. Absolute marginal space: This is a combination of the marginal opening and the 

contour error. It is the hypotenuse of the vertical marginal space and the horizontal 

marginal space. It represents the distance between the cavo-superficial angle of the 

preparation and the prosthetic marginal margin. The absolute marginal space merges 

with the overcut or the undercut when there is no marginal opening. It merges with 

the marginal space when the contour is correct (15). 

6. The over-extension: The over-extension is the distance from the marginal edge of the 

prosthesis to the marginal opening measured perpendicular to the axis of the 

preparation (15). 

7. Under-extension: The under-extension is represented by the distance from the cavo-

superficial angle of the cervical finish of the abutment to the marginal opening 

measured perpendicular to the axis of the preparation (15). 

 

   It should be taken into account that in vitro methods overestimate the quality of the 

joint compared to in vivo studies. Indeed, the clinical conditions of preparation, 

impression and cementation are far from the ideal conditions of in vitro studies (15). 
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1.3.3. Antagonist wear: Abrasiveness  

 

  Influenced by the hardness of the so-called materials, hardness can be defined as the 

resistance that a body opposed to local deformation, under load. This property will influence 

the finishing and polishing of the material and gives an indication of the resistance of the 

material to abrasion (16). At a microscopic scale, no surface is completely smooth, so the 

asperities of each meet. During movements, the surfaces will deform or fracture each other. 

If both surfaces are fragile, there will be a fracture of asperities. If there is a difference in 

hardness in the case of a ceramic crown occluding with a normal tooth for example, the 

hardest surface will dig, wear, the other, that is what is called antagonistic wear(17).  

 

1.4. About Lithium Disilicate 

 

1.4.1. Presentation and form 

 

  Developed in 1988 by the Ivoclar Vivadent industry under the brand name IPS Empress 2, 

lithium disilicate (2SiO2 - LiO2) is part of glass ceramics as previously explained(18). It is 

composed by Silicate Dioxide (minimum of 55% up to 71%) and Lithium Oxide (9% up to 17%) 

among other components that are quartz, phosphor oxide, alumina and potassium oxide 

soaked in a very low porosity glass matrix (1 %) (10). 
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  The IPS Empress 2 offers enviable mechanical characteristics upon its release of a flexural 

strength of 350 Mpa and a fracture toughness of 3.33.3 MPa√m) (10). In comparison, 

physiologically, the enamel flexural strength is around 384 MPa and dentin around 297 MPa 

as the natural tooth fracture toughness are the following : molar = 305 MPa; premolar = 248 

MPa which is around 1.5  MPa√m  to 4.4  MPa√m (19)(20)(18).This is due to the internal 

structure of lithium disilicate crystals which have a form of small, tangled plates oriented in a 

totally random manner(18). This orientation allows the deflection and stopping of the micro-

cracks that could take place (7).  

  Technological advances in this material led to its current form of commercialization under 

the brand name IPS e.Max Press and thus the stop of the Empress 2 in 2009. The connotation 

"Press" applies to its manufacturing technique since it is ingot by heat pressing technique 

similar to the lost wax technique at a 920° temperature. Existing in all the different colors, 

translucency and opacity it achieves a flexural strength up to 400 MPa and fracture toughness 

of 2,7 to 4.4 MPa/ m0,5(21). 

 

  With the technological advance of computer and computer-assisted dentistry, a new form of 

lithium disilicate has come out, still being marketed under the trademark name E.Max, the IPS 

E.Max CAD in 2006(21). 

   Block used along CAD-CAM device trough milling technique. Those are partially crystallized 

block containing lithium disilicate crystal nuclei with 40% lithium metasilicate(22). Initially in 

a so called “blue state” these blocks are characterized by a moderate flexural strength (130 

MPa) resulting in higher cutting efficiency, easier and faster workability and lower wear of the 
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milling tools as well as a higher edge stability. It needs after its milling a second round of heat 

treating to transform the metasilicate state in an around 70% lithium disilicate structure. It is 

considered fully crystallized after a 20-25 min under vacuum 850°C tempering process. This 

transformation will give a final flexural strength of 360 MPa and fracture toughness of 2,5 

MPa/m0,5(21)(23). These mechanical characteristics make the E.Max the toughest glass 

matrix ceramics on the market on this day(21). 
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2. OBJECTIVES 

 

The aim of this study was: 

To compare Pressed Lithium Disilicate and Milled Lithium Disilicate being monolithic 

or veneered among two parts.  

- Flexural strength 

- Marginal Fit 
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3. METHODOLOGY  

 

The search for studies followed the following methodology;  

  Based on the following databases: PubMed, Crochane, Medline plus, Biblioteca CRAI UEM, 

and the following journals: European Journal of Prosthodontics and Restorative Dentistry and 

Journal of Biomedical Materials Research, the articles were searched according to the 

following mesh words: lithium disilicate/lithia disilicate, marginal fit/adaptation, resistance, 

wear/tooth wear, press, CAD. 

  As a result, a very consequential number of articles were found, and we considered criteria 

of exclusion and inclusion in order of priority. 

 

Decreasing order of 
importance 

Inclusion Exclusion 

1) Publication date From 2010 to 2020 Previous to 2000 

2) Power of the article Comparative study 
Clinical case/report 

Conflict of interest 

3) Nature of the article Applicable to dentistry Non-applicable to dentistry 

 

  Applying the inclusion and exclusion criteria, articles were first selected by mesh words after 

removing duplicate: 70.  
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  Then, after reading the title and abstract 43 were discarded. The full text of the articles 

selected by the abstract was obtained and finally, 27 they were selected. 8 duplicate articles 

from different sources were discarded. 

 

             PRISMA 2020 Flow Diagram 
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4. DISCUSSION OF RESULTS 

 

4.1. Flexural strength  

 

   The research is composed of 4 studies that met the inclusion criteria. Among these, 1 study 

showed that the Press technique showed better flexural strength, 2 studies showed that the 

CAD technique showed better flexural strength and 1 study did not find a significant difference 

in the flexural strength between both techniques. As all the studies did not use the same type 

of restauration, each thickness is different and consequently cannot be compare transversally 

as thickness is a major factor in flexural strength assessment (10). 

 

Author (year) Studied group 
Flexural strength 

(MPa) 
Methodology 

Type of 

restoration 

Size of 

sample 

Ahmad et al. 

2019 (23) 

 

-Emax Press 

(mono, core) 

-Emax CAD 

(mono, core) 

Press mono: 611 

Press core: 411 

CAD mono: 584 

CAD core: 343 

Aging: thermocycling, 

cyclic preload 

Measure: Three-point 

test 

3 pieces bridge 

 

40 

 

40 

Wang et al. 

2020 (24) 

IPS e.max Press 

IPS e.max CAD 

IPS e.max Press: 270 

IPS e.max CAD: 335 

Measure: 

Biaxial flexural strength, 

SEM (scanning electron 

microscope) 

Disk 

13mmx1,2mm 

 

1 

 

1 
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Al-Thobity et 

al. 

2020 (25) 

IPS e.max Press 

GC LiSi Press 

IPS e.max CAD 

IPS e;max 

Press:249,59 

IPS e.max CAD: 

364,64 

Measure: Three points 

test 

Polygone 

16mmx4mmx1.

2mm 

15 

15 

15 

Mohsen et al. 

2011 (26) 

IPS e-max Press 

IPS e-max CAD 

IPS e-max Press: 318 

IPS e-max CAD: 345 

Measure: Biaxial Flexural 

Strength 

Cylindrical 

10mmx1,5mm 

20 

20 

Fonzar et al. 

2016 (27) 

IPS e-max Press 

IPS e-max CAD 

IPS e-max Press: 

344,35 

IPS e-max CAD: 

345,74 

Measure: Three points 

test, SEM 

Ingots 

16mmx4mmx1.

2mm 

15 

15 

 

Wang and colleagues did show a better result for the CAD/CAM restorations, but they used a 

sample of tool little quantities (n=1) too be considered relevant as a compared study (24). 

Al-Thobity et al., Mohsen and al. and Fonzar et al. can be compared transversally as they used 

same dimension restauration with similar flexural test and similar sample size. All of them did 

find a better result in CAD/CAM restauration even if in the Fonzar et al. study, the discrepancy 

between CAD and Press flexural strength is not enough to be considered significant 

(25)(26)(27). 

Ahmad et al. did work the closest to the real conditions found in the human body. It is the only 

study that worked on real restorations and with a process of aging by thermocycling and cyclic 

preload, that supposed to mimic the conditions of the mouth. However, it is the only study 

that found a better flexural property for IPS e-max Press (23). 
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In the end based on the few studies that were found in this review that directly compare both 

techniques, IPS e.max Press and IPS e.max CAD lithium disilicate formulations showed similar 

flexural resistance, being both totally clinically acceptable. 

Consequently, the choice between them should be based on other aspects than this 

mechanical property. 

 

4.2. Marginal fit 

  The research is composed of 9 studies that met the inclusion criteria. Among these, 3 studies 

showed that the Press technique showed smaller marginal discrepancies, 2 studies showed 

that the CAD technique showed smaller marginal discrepancies and 4 studies did not find a 

significant difference in the marginal discrepancies between both techniques. As all the 

studies did not use the same device to record and evaluate the marginal fit, the results may 

be closely related to methodology of assessment.  

Author (year) Studied group 
Marginal Fit 

(µm) 
Methodology 

Type of 

restoration 

Size of 

sample 

 Neves et al. 

2014 (28) 

E.max CAD (CEREC 3D) 

E.max CAD (E4D) 

E.max press 

39.2±8.7 

66.9±31.9 

36.8±13.9 

Scanned with micro-

computed tomography 

 

Crown 

5 

5 

5 

Leneena 
Gudugunta et al. 

2019 (29) 

CAD/CAM lithium disilicate 
 
 

Pressable lithium disilicate 
 

41,46 SD 15,94 

55,95 SD 26,68 

Stereomicroscope with 
Image Analysis software 

 
Onlay 

15 

 

15 

Mously et al. 
2014 (30) 

E.max CAD (E4D) 
 
 
 

E.max press 

46.65 

(30.55–58.15) 

X-ray 
 

microtomography 

Crown 
10 
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 30.80 

(24.35–41.75) 

10 

Alajaji et al. 

2017 (31) 

Group-1 three-axis milling 

system 

 

Group-2, five-axis milling 

system 

 

Group-3, conventional 

heat-press technique 

67,67±14.04 

 

 

56,19±12,32 

 

 

35,48±8.12 

X-ray microtomography Inlay 

15 

 

 

15 

 

 

15 

Anadioti et al. 

2014 (32) 

E.max CAD+conventional 

impression (PVS) 

E.max CAD+Digital 

impression (LavaTM 

C.O.S.) 

E.max Press+conventional 

impression (PVS) 

E.max Press+Digital 

impression (LavaTM 

C.O.S.) 

76±23 

 

74±26 

 

 

40±9 

 

75±15 

 

Triple scan Protocol 
 

 

 

 

Crown 

15 

 

15 

 

 

15 

 

15 

Guachetá et al. 

2020 (33) 

Group 1: E.max CAD + 

Digital impression 

(LavaTM) 

 

Group 2: E.max Press + 

conventional impression 

(PVS) 

 

40.37 ± 11.75 
 
 
 
 
 

50.63± 16.99 
 
 

Stereomicroscope 
 

Veneer 
 

21 
 
 
 
 
 

21 

B.Azar et al. 

2018 (34) 

E.max CAD + Digital 

impression (LavaTM) 

45 ± 12 

 

Optical microscope at 

200× magnification 
Crowns 

20 
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E.max Press + conventional 

impression (PVS) 

38 ± 12 20 

 Guess et al. 

2014 (35) 

E.max press 

E.max CAD (CEREC 3D) 

51.78–65.41 

48.63–52.46 

Optical microscope at 

200× magnification 
Onlay 

24 

24 

Ng et al. 

2014 (36) 

E.max CAD +Digital 

impression (LavaTM) 

E.max press+conventional 

impression (PVS) 

48±25 

 

74±47 

Stereomicroscope with 
Image Analysis software 

 
Crown 

15 

15 

   Mously and colleagues and Alajaji and colleagues are part of the authors that highlight that 

restorations made of E.max engineered with the press technique had better result by having 

significantly smaller marginal fit than those engineered with the CAD technique (30) (31).  

    What we found in common is those studies is the methodology used to evaluate the 

marginal fit, both used Micro-CT. This method has a major disadvantage, a low capacity of 

discrimination compared to optical or electron microscope (37). It is mainly caused by 

radiation artifacts which are produced by the different radiation absorption coefficient of the 

different materials used (37). We can then suspect that the choice of using this method of 

assessment can have affected the reliability of the results. 

    Neves and colleagues (38) showed for both Emax CAD CEREC 3D and Press technique very 

similar marginal discrepancy. However, the sample size is by comparison to the other studies, 

very small (n=5 per group) which could be considered inadequate to give proper significant 

result. Moreover, a silicon key of silicone was used to fix the crowns on to the model since no 

cementation was done to assess the marginal fit, this could have affected the accuracy of the 

final result (38). 
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   Regarding cementation, the marginal gap should not be measured after its used or at least 

before and after cementation. As it has been reported that marginal gap increases by 13 to 22 

µm when the restoration is being luted by cement (35). In this review, it has been found that 

in all the studies that showed before and after cementation, the marginal gap was significantly 

augmented. (33) (35) 

     Anadioti and colleagues (37) found that Emax Press technique showed better result only 

when being associated with conventional impression.  When using digital impression, we end 

having the same marginal discrepancy for both material techniques. Taking in account that 

the study has been done in 2014 and consequently the precision of scanner impression is not, 

at that time, as precise as conventional impression, it leads to highlight the fact that 

impression technique influences at least with the same importance that the choice of material 

technique (37).      

    The results of all the studies show a large variability in terms of marginal fit between all the 

different restauration but also within the same restauration using the same impression 

technique or not. The reason can be found in the different cement used, or otherwise no 

cement used but also the material of the model which can be human, bovine, acrylic or zircon. 

In the same way, the type of scanner, the impression technique or the thickness of the die 

spacer can influence the final marginal fit result. 

Regardless of this, the average variance between the Emax CAD or Emax press restorations 

assessed in this critical review was within the clinically acceptable range. 
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5. CONCLUSION 

 

     In the end, this investigation revealed similar mechanical properties between IPS E.max 

CAD and IPS E.max Press being both totally clinically acceptable. If one should choose between 

one and the other, one should base his choice on other aspects. A highlight that showed up 

from this investigation is more than the material itself, it is the workflow and the importance 

of the human influence during the process that matters. Regarding human influence, the more 

steps that require human manual ability we need, the higher the risk of variability in the result 

increase. Regarding workflow, the CAD CAM experience offer a simpler working procedure 

that is less time consuming with a better cost-effective technique (38). 

 

     In the years to come, intraoral scanner will become more and more effective and 

widespread as they become more affordable. One can imagine that the CAD CAM procedure, 

by its simplicity of using chairside, reducing the cost of transportation and assuring impression 

stability will overcome the use of Press system that is a more traditional approach (39).   

 

   As for today, if we consider the investment cost required for a complete CAD CAM chairside 

procedure in our office which is constituted by the cost of acquiring and maintaining CAD/CAM 

hardware/software, material spill/waste using milling blocks and axes the mill will be using 

and the existing technological limitation in the field of digital impression, working under a 

more traditional Press procedure can still be considered as relevant (39). 
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6. RESPONSIBILITY 

 

   Out of an economic point of view, lithium disilicate is far for being the most affordable 

material one can use when thinking of prosthesis or restorative option. It should be assessed 

the balance benefice/cost than can result from using such types of materials when esthetic is 

not considered important.  

   From an ecological point of view, it is important to understand that new techniques and 

technologies consumed more and more resources. The Press technique is being used for 

hundreds of years in other field that dentistry, making it a very common, easy of access and 

relatively poor pollutive procedure. However, the CAD technique imply using complex drilling 

machine combine with powerful computer that drag energy and rare resources around the 

globe. In the same way, the use of intraoral scanner in combination with the CAD technique 

also imply new resources, new technologies and more than that, asks the question of the 

senescence of those new technologies which become obsolete very quickly. This implies, 

therefore, an over consumption of dental equipment which has a harmful effect on the planet. 
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