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ABSTRACT 
 
 
The Trueness of additive and Subtractive Zirconia Crowns Eman Almutairi, BDS, MS, 

2021 

Dissertation Directed by: Radi Masri, Professor, Division Chief, Director Postgrad 

Prosthodontics Division 

 
Purpose: To assess the trueness of ceramic crowns fabricated using additive technology 

compared to crowns fabricated using subtractive technology. Material and methods: single 

crown was designed using Dental Designer Software. 3D design was used to fabricate 

milled and printed crowns. All crowns were scanned. Geomagic software was used for 

analysis. Best Fit and Marginal Fit Alignment used to analyze the 3D accuracy of the 

crowns. One Way ANOVA used to analyze the data, and p<0.05 was considered 

significant. Result: Significant differences found between the additively and subtractive 

manufactured crowns [p=0.003,F=11.172]. Additively manufactured crowns exhibited 

better trueness than subtractive crowns. For the additively manufactured crowns, the Best 

fit Alignment showed 42.81±40.8μm deviation, and the Marginal Alignment showed a 

43.11 ±38.05μm deviation. For Subtractive manufactured crowns, the deviation in Best Fit 

Alignment was 62.67 ±50.79μm and in Marginal Alignment was 55.35±48.69μm. 

Conclusion: Additive technology fulfills surface trueness criteria. 

 
Keywords: Additive, Subtractive, 3D print, Zirconia, crown, CAD-CAM system.
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I. INTRODUCTION 
 
 

The marginal fit for full coverage and partial coverage crowns is one of the important 

factors of restoration’s success. Poor marginal fit may lead to microleakage, secondary 

caries, cement dissolution, and marginal discoloration (Methani et al, 2019). Therefore, it 

is important to minimize marginal gaps to decrease the incidence of complications (Wang 

et al, 2019). The excellent esthetic and biocompatible properties of zirconia and lithium 

disilicate restorations make them an attractive “metal-free” alternative for prosthetic 

reconstructions in high demand by patients (Zandinejad et al, 2019). In that regard, zirconia 

and lithium disilicate materials have greatly advanced the field of prosthodontics. They are 

recommended for the fabrication of dental restorations including single crowns and short 

span fixed dental prostheses (Joon Ha et al, 2016). 

 
A- ZIRCONIA 
 
 

Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) is an attractive ceramic 

material that has been studied extensively. It was introduced as alternative to titanium for 

many reasons such as excellent esthetics, biological compatibility, less plaque 

accumulation, superior flexural strength, and fracture toughness (Cionca et al, 

2017)(Pieralli et al, 2017). Y-TZP is used in many forms, depending on additives and 

dopants, sintering profiles, and ensuing heat treatments. Adding Yttria (Y2O3) has proved 

to increase the strength and toughness of the material. Thus, 3 mol% (5.2 wt%) yttria-

stabilized tetragonal zirconia polycrystal (3Y-YZP) has become the staple dental ceramic 

for prosthetic restorations (Denry et al, 2008). The zirconia has high opacity due to the 

intrinsic birefringence of noncubic zirconia phases, which results in light scattering from 
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grain boundaries, pores, and additive inclusions. 3Y-YZP was recommended in framework 

materials of porcelain-veneered crowns (Christensen, 2009; Sax et al, 2011; Larsson and 

Steyern, 2013; Pang et al, 2015). The next generation in monolithic zirconia development 

came with a move to include a transparent phase in the final product to reduce the opacity. 

This was achieved by adding a higher yttria content to produce partially stabilized zirconia, 

4 mol% (4Y-PSZ) or 5 mol% (5Y-PSZ) (Zhang et al, 2016). This improved translucency; 

however, affects the material's strength and toughness (Zhang et al, 2016). The most 

translucent 5Y-PSZ materials were indicated for broad usage as anterior crowns and FDP’s. 

However, a recent study shows a failure rate >2% over 5 years in the anterior region 

(Sulaiman et al, 2016). 

 
B- CAD/CAM SYSTEMS 
 
 

Two types of computer-aided design/computer-aided manufacture (CAD/CAM) 

systems are commonly used today, one that utilizes subtractive technologies (milling) and 

the other that uses additive techniques based on three-dimensional (3D) printing. 

 
1- Subtractive manufacturing 

 
 
        Subtractive manufacturing is a method to obtain the designed shape by grinding the 

materials out of a block or a disc by a computer numeric controlled (CNC) machine. The 

CAM software helps to translate the CAD model into a tool path for the (CNC). The milling 

machine has different cutting instruments due to the unevenness of the dental prosthesis 

anatomy (Abduo et al. 2014). This method has the disadvantage of waste materials and 

poor micro reproducibility in concave regions depending on the cutting device's diameter. 
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Among the milling systems, two types are available: hard machining and soft machining. 

Milling can be used to fabricate solid objects made of metal, densely sintered zirconia, and 

composite resin. The hard machine must be strong and tough to apply heavy cutting forces 

and cutting power for efficient material removal. Thermal energy will be produced during 

cutting, which can increase the milling tool's temperature, and it can affect the life span of 

the instrument (Kikuchi et al. 2009; Rekow et al. 2011). On the other hand, soft machining 

is specifically used for soft materials such as pre-sintered zirconia. The milled zirconia is 

at the pre-sintered state, and the composition differs from the hard-machined zirconia to 

reduce its hardness, enhancing the machinability (Denry et al.2008). This process has the 

advantage of reducing cutting forces, increasing the tool life, quicker milling, and better 

surface quality (Beuer et al. 2008). The disadvantage of milling systems is the amount of 

material waste because the unused portions of the monoblocks must be discarded after 

milling. The recycling of excess ceramic material is not feasible (Wang et al. 2019). 

Literature showed when ‘hard machining’ is used; the prosthesis is more accurate in shape 

and dimensions. However, the disadvantages of hard machining are the tooling of sintered 

high-strength ceramics is costly and time- consuming. There is a risk of microscopic cracks 

that can be seen on the ceramic surface due to the tooling process (Kikuchi et al. 2009). 

Using ‘soft machining,’ the shaping is performed before sintering, so the chances of surface 

damage are less than 'hard machining’. Furthermore, milling of soft monoblocks results in 

shorter machining times and longer service life cycles of the tools. However, the accuracy 

of contour and shape of ‘soft machine restoration' changes during subsequent sintering 

(Denry et al. 2008). 

 



12  

 
2- Additive manufacturing 

 
 
The additive manufacturing system has been defined as joining materials to make 

prostheses from the 3D model data layer upon layer (Noort. 2012; Davis et al. 2010). There 

are 5–20 layers for each millimeter of material, which the machine lays down as successive 

layers of liquid or powder material that are fused to create the final shape (Choi et al. 2004). 

In prosthodontics, additive manufacturing can be used to fabricate a preproduction pattern 

(wax or plastic) that can be transformed into a definitive prosthesis. It can directly produce 

definitive workpieces in metals, resins, or ceramics. The additive systems utilized in 

dentistry are stereolithography, selective laser sintering or melting, and 3D printing (Davis 

et al. 2010; Noort. 2012). Stereolithography (SLA) offers acceptable accuracy and 

resolution, a smooth surface finish, and fine building details. SLA produces the solid layers 

using an ultraviolet light beam that moves on a curable liquid polymer pool. The platform 

is lowered a few microns whenever the first layer is polymerized, and the next layer is 

cured. This process is repeated until the object shape is completed. The object should be 

rinsed with a solvent and placed in an ultraviolet oven to cure the resin (Salmi et al. 2013). 

Selective laser melting can be used to produce any metal workpiece, such as fixed dental 

prostheses or removable partial dentures. It creates a 3D model by laser melting a powder, 

layer by layer using a laser beam. The laser beam raises the temperature close to the metal 

particle's melting point to avoid complete melting. The platform is slightly immersed 

within the powder, and powder thickness is controlled by a cylinder rolling on the powder 

pool. After each new powder layer application, the laser melting process is repeated until 

the 3D object is completed. Oxidation of the metal can be controlled by confining the 
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melting to a sealed gas chamber (Noort, 2012). Nowadays, the use of 3D printers is 

spreading fast. They can manufacture PFM coping, provisional crowns, the surgical guide 

for implant placement, and the RPD framework. There is a range of materials that can be 

used for 3D printing, such as thermoplastic materials, resin, or fused filaments (Sun et al. 

2009; Inokoshi et al. 2012). 3D printing is distinguished from other fabrication methods by 

printing multiple materials at one time with a minimum amount of material (Silva et al. 

2011).  

 

CERAMICS/ZIRCONIA CROWNS FABRICATED BY ADDITIVE 

MANUFACTURING 

 
 

a- Esthetics of ceramic crown fabricated by Additive Manufacturing 
 
 
       A study done by Cui et al. (2020) compared the esthetics of anatomic contour zirconia 

crowns manufactured using an additive wet deposition method and a conventional 

subtractive dry milling process. Twenty-seven premolar teeth of 27 participants received 

two identical anatomic contour zirconia crowns fabricated by additive 3D gel deposition 

or dry milling. Color differences between the crown and natural control teeth were 

measured by a dental shade-matching device. The result shows significant differences 

found between zirconia crown and core types (P<.05). The average ΔE of crowns made by 

wet deposition and dry milling were 2.45 ±1.60 and 4.55 ±1.54 (P<.05). The mean crown 

ΔE was significantly higher if a gold cast post-and-core was placed rather than a 

prefabricated fiber post and composite core (P<.05). Subjective color matching was 
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significantly higher in the wet deposition group than in the dry milling group as rated by 

EVRSAM and VAS (P<.05). The conclusion of this clinical trial revealed that anatomic 

contour zirconia crowns fabricated by additive wet deposition were better matched to 

adjacent teeth and had excellent esthetics in terms of color and translucency gradient. 

 
Another study done by Miura et al. (2020) compared the surface roughness of crowns 

fabricated using additive manufacturing (AM) and conventional milling (CM). Maxillary 

first premolar was prepared to receive all-ceramic crowns, such that the total occlusal 

convergence angle was 16 and 20 degrees for each model. The average height (Sa) and 

maximum height (Sz) of the surface irregularities of the crowns were measured using a 

contact-free laser microscope. The surface roughness of the AM crown was less than that 

of the CM crown. The mean differences were 367.6 ±49.3 μm for the 16-degree and 

202.1 ±65.0 μm for the 20-degree convergence angles. Significant differences were evident 

in the 16 degree convergence-angle crowns (p<0.05). This study indicates that the smoother 

surfaces of AM crowns would lead to shorter polishing times and reduce the risk of abrasion 

of the opposing teeth. 
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b- Accuracy of ceramic crown fabricated by Additive Manufacturing 

 
 
         An vitro study by Wang et al. (2019) evaluated the 3D trueness of ZrO2 crowns 

fabricated by 3D printing and compared it with the trueness of crowns fabricated by CAD-

CAM milling. A maxillary right second molar, a typodont tooth, was prepared for a ceramic 

crown by a prosthodontist. The prepared tooth was scanned using a dental laboratory 

scanner. In the 3D-printing group (n=10), crowns were fabricated using the 3D printer, and 

for the CAD-CAM group (n=10), the STL files were imported into a 5-axis, 2-bur milling 

machine. After cleaning and drying the restorations, the external and intaglio surfaces of 

the 20 crowns were lightly powdered and scanned using a dental blue light scanner. The 

scanned data were saved in STL format and imported into a 3D inspection software 

package (Geomagic Qualify 2013; Geomagic Inc) to divide the crown into four parts (the 

external surface, intaglio surface, marginal area, and intaglio occlusal surface). The result 

shows the RMS value of the 3D- printing group was greater than that of the milling group, 

and for the other locations, the RMS values of the 3D-printing group were lower than those 

of the milling group. These statistical results determined that the trueness of the four parts 

of the crowns in the 3D-printing group was no worse than that of the corresponding crowns 

in the CAD-CAM group (P<.05). Color maps of the 3D-printing group result show the 

occlusal grooves in the external surface of the crown show particularly strong positive 

values, whereas the axial surfaces display negative deviation values. The intaglio occlusal 

surfaces mainly exhibit similar values except at the junction between the axial surface and 

the occlusal surface, which shows high positive deviation values. The marginal surface 

shows negative values, whereas the remaining area mostly shows similar values. The 
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deviation results of the milled crowns show the occlusal grooves in the external surface, 

and the line angle between the intaglio and the intaglio occlusal part show positive 

deviation values, whereas the axial surfaces exhibit negative deviation values. This 

indicates that less material was removed from the grooves relative to the axial surfaces 

during the milling process. However, the remaining portions and the marginal part mainly 

show similar values. The study concludes the ZrO2 crowns produced by 3D printing meet 

the surface trueness requirements. Also, three-dimensional printing is a potentially 

effective method for fabricating ZrO2 crowns. 

 
Another study done by Li et al. (2020) investigated the performance of SLA and milling in 

fabricating monolithic zirconia crowns with different finish line designs (chamfer, rounded 

shoulder, knife-edge) by characterizing the fabrication accuracy and margin quality. A 

typodont left maxillary first molar was scanned digitally. Three digital abutment models 

were created, with finish line design of chamfer (0.5 mm depth), rounded shoulder (0.5 

mm depth), and knife-edge, respectively. The abutments have an occlusal reduction of 1.0–

1.5 mm and a taper of 6–10. The three abutments were 3D printed and scanned. Thirty 

zirconia crowns were fabricated, including five crowns of each finish line design were 

fabricated by the two manufacturing methods. In additive manufacturing, an SLA 3D 

printer (CSL 100, Porimy, China) was used to additively fabricate crowns with a 47 vol% 

3 mol zirconia suspension. The green specimens were ultrasonically cleaned. Two-stage 

thermal treatment of de-binding and sintering was performed in a furnace. In subtractive 

manufacturing, crowns were milled from a partially sintered zirconia blank (SHT, Aidite, 

China) using a milling machine (AK-D4, Aidite, China). The milled crowns were then 

sintered at 1450◦C for two hours. No additional manual adjustments were performed in 
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both groups. Statistical analysis indicated that the RMS value was significantly influenced 

by finish line design (external: P = 0.027, intaglio: P = 0.049) but not by fabrication method 

(external: P = 0.084, intaglio: P = 0.680). The result showed the RMS value in the external 

area of knife-edge design (SLA: 25.92 ± 3.62 μm, milling: 23.06 ± 4.65 μm) was higher 

than that of chamfer design (SLA: 19.22 ± 0.91 μm, milling: 20.82 ± 4.47 μm). A major 

positive error was found at fossae and grooves in milled crowns while at cusp inclines in 

SLA-printed crowns. For the intaglio surface, all crowns showed a similar error 

distribution. Crowns with chamfer and rounded shoulder finish line designs showed 

smooth edges with no defects, while knife-edged crowns by both fabrication methods 

showed minor and large defects. Milled crowns showed margins of sharp line angle and 

with separate chippings. More and larger chippings were found in those with knife-edge 

margins. For SLA-printed crowns, margins of rounded line angle showed a smooth contour 

without small flaws. However, large chippings also occurred in knife-edged crowns. In 

conclusion, the SLA and milling can fabricate monolithic zirconia crowns of comparable 

accuracy, and knife-edged crowns are prone to large margin chippings by either of the two 

manufacturing methods. 

 
Another in vitro study (Ioannidis et al. 2020) compared the marginal and internal fit in 

three different restorative material (n=20: 3D-printed zirconia (3DP), milled zirconia 

(CAM), and heat-pressed LS2 ceramic (HPR)). Sixty extracted human molars were used 

in this study. The occlusal surfaces were prepared, mimicking defects caused by attrition 

or erosion with exposure to the dentin. The external margins were beveled with no finish 

line, sharp edges were rounded, and fissures were slightly opened with a rotary instrument. 

The specimens were optically scanned. Occlusal veneers were designed with a consistent 
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thickness of 0.5 mm. The restorations for group 3DP were manufactured by additive means 

with the LCM process. The restorations in the group CAD were fabricated by milling from 

prefabricated zirconia disks. For the restorations in the group HPR, a 

polymethylmethacrylate (PMMA) template was milled. The marginal and internal fit and 

the trueness of the produced restorations were measured. The prepared teeth and the 

restorations were scanned with a reference structure attached to the occlusal surface of the 

restoration with an intraoral scanner. Geomatic verify was used for evaluation of the 

alignment as to whether the internal and marginal fit of ultrathin 3D-printed zirconia 

occlusal veneers on molars exhibit accuracy comparable with that of milled zirconia or 

heat-pressed LS2 restorations. They concluded that three-dimensionally printed zirconia 

occlusal veneers produced using lithography-based ceramic manufacturing (LCM) had a 

marginal adaptation (95 μm) and a production accuracy (26 μm) similar to that of 

conventional methods. 

 
A study by Jeong et al. (2018) assessed the accuracy of models manufactured using the 

milling and 3D printing methods of CAD/CAM to determine whether they can be applied 

as working models for the manufacture of prostheses. A natural tooth model (ANA-4, 

Frasaco, Germany) was scanned using an oral scanner. The obtained scan data were then 

used as a CAD reference model (CRM) to produce a total of 10 models each, either using 

the milling method or the 3D printing method. The 20 models were then scanned using a 

desktop scanner, and the CAD test model was formed. The accuracy of the two groups was 

compared using dedicated software to calculate the root mean square (RMS) value after 

superimposing CRM and CAD test model (CTM). The result shows The RMS values of 

the ten models manufactured by the additive manufacturing 3D printer were lower than 
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those manufactured by milling. The conclusion for this study stated that models 

manufactured by the 3D printing method were more accurate than those manufactured by 

the milling method. 

 
c- Suitability of zirconia fabricated by additive manufacturing for dental 

applications 
 
 
        In addition, an in-vitro study (Branco et al. 2020) evaluated the suitability of 

nanostructured zirconia pieces obtained by robocasting additive manufacturing (AM) for 

dental applications. The density, crystalline structure, morphology/porosity, surface 

roughness, hardness, toughness, wettability, and biocompatibility of the produced samples 

were compared with samples obtained by subtractive manufacturing (SM) and additive 

manufacturing (AM). The extracted teeth were washed with water and disinfected by 

immersion in 1% chloramine -T trihydrate solution, at 4 ◦ C, for one week. Each tooth was 

cut into four parts so that four cusps could be isolated and used for the wear tests in the 

chewing simulator. Commercial yttria-stabilized zirconia blocks were milled to produce 

SM samples using a Zirkonzahn M5 milling unit. The samples were printed at room 

temperature. After printing, the green samples were air-dried overnight and then ground 

with sandpaper to remove surface features associated with layer-by-layer deposition. The 

AM and SM samples were manually coated with a ceramic glaze paste. After glazing, the 

samples were placed in the oven at 930 ◦ C for 30 min. 

Chewing simulation studies were carried out against dental human cusps in artificial saliva. 

The wear of the material was quantified, and the wear mechanisms were investigated, as 

well as the influence of glaze coating. The result showed that Additive Manufacturing 

samples were biocompatible, slightly less dense, and more porous than Subtractive 
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manufacturing samples. After chewing tests, no wear was found both on AM and SM 

samples. However, wear was significantly lower when AM samples were used as a counter 

body. Concerning the glazed samples, both coated surfaces and dental cusps suffered wear, 

with cusps wear being higher than that found for unglazed samples. Furthermore, cusps 

tested against AM coated samples suffered less wear compared to those opposed to SM 

coated samples. The conclusion shows that AM samples are non-toxic, present a 

nanocrystalline structure, are slightly less dense and more porous than SM samples. The 

hardness and toughness of AM samples are lower. 

However, the obtained values fall within the range of zirconia dental ceramics. AM 

samples are more hydrophilic, which may be attributed to their higher porosity. Concerning 

their tribological behavior, both AM and SM samples do not suffer wear. However, AM 

samples induce lower wear on the antagonist dental cusps in chewing simulation tests, 

which can be related to their lower hardness and higher hydrophilicity. The application of 

a glaze coating on both types of materials resulted in a dramatic increase of the antagonist 

cusps wear rate. This shall be due to its low toughness that induces wear mechanisms 

associated with fragile fracture and consequent three-body abrasive wear. Therefore, 

glazing must be avoided in the occlusal interfaces to prevent abnormal wear of the 

antagonist materials. The obtained results show that the glaze wear rate is similar for both 

the AM and SM samples and does not depend on the manufacturing process of the 

underlying zirconia. Overall, this study demonstrates that robocasting can be used for the 

production of zirconia pieces suitable for dental applications: it allows obtaining 

biologically safe materials with adequate mechanical and tribological properties. 

 
Another study (Tang et al. 2019) aimed to evaluate the clinical efficacy of monolithic 
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zirconia crowns for posterior teeth restorations. A total of 46 patients requiring posterior 

teeth restorations involving 49 teeth were treated with a monolithic zirconia crown 

procedure. The treatment results were evaluated according to the modified California 

Dental Association criteria immediately after the procedure and at 2, 24, 48, and 96 weeks 

after the procedure. The plaque index, gingival index, probing depth, crown marginal 

integrity, and attrition of the abutment teeth, antagonist teeth, corresponding contralateral 

teeth, and antagonist of the corresponding contralateral teeth were assessed. The patients 

were followed for up to 96 weeks. 

 
The marginal adaptation results of all 46 patients were evaluated as excellent, resulting in 

an excellent rate of 100%. Regarding the crown color match, only 3 cases (6.1%) were 

evaluated as acceptable. 

Marginal adaptation, anatomic form, crown margin integrity, color match, and gross 

fracture did not show significant differences compared with the different time points (P = 

.999). Surface texture at the different times did not change significantly (P = .807). During 

the 96-week follow-up, one crack in the antagonist's teeth was found in 1 patient. There 

were no significant differences in wear of the antagonist's teeth at different time points (P 

= .972). The rate of “excellent” evaluation for crown restorations was 93.9% to 100%. The 

monolithic zirconia crown had no detectable adverse effects on the periodontal tissues, and 

the antagonist teeth attrition was small. Therefore, it has good potential in the clinical 

application of posterior teeth restorations in the short term. 

 
d- Fracture resistance of ceramic crowns 

 
 
         In terms of fracture resistance, an in vitro study (Zandinejad et al. 2019) compared 
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the fracture resistance of implant-supported milled zirconia, milled lithium disilicate, and 

additively manufactured zirconia crowns. A maxillary cast with a dental implant replacing 

the right second bicuspid was obtained. A dental laboratory scanner (DWOS 7 Series 

scanner; Straumann, Basel, Switzerland) was used for digitizing the master casts. A dental 

CAD software (CARES Software; Straumann) was used to design a custom abutment, and 

the Standard Tessellation Language (STL) file was obtained, which was used to 

manufacture zirconia implant abutments (CARES zirconium-dioxide abutment; 

Straumann, Arlington, TX) with a chamfer finish line. Abutments were designed to have a 

buccal and lingual wall height of 6 mm, and a proximal wall height of 4 mm. The 

preparation of the abutment had a total convergence angle of 10° to 12° and a 

circumferential chamfer margin of 1 mm. A total of 30 zirconia abutments were milled. 

The same dental laboratory scanner and CAD software were used for digitizing the zirconia 

custom abutment and designing a full-contour crown to obtain the STL file. The thickness 

of the restorative material ranged from 1 to 2 mm. STL file was used to mill ten lithium 

disilicate (IPS e.max CAD crown HT A1; Ivoclar Vivadent, Amherst, NY) and ten zirconia 

(Lava Plus Zirconia W1, 3M Co., St. Paul, MN) implant-supported crowns. The same STL 

file was used for AM (CeraMaker 900; 3DCeram Co.) of 10 full-contour zirconia (3DMix 

ZrO2 paste; 3DCeram Co.) crowns. All the AM samples were produced by the 

manufacturer (3DCeram Co). The STL file was exported to the manufacturer, and crowns 

were printed in a layerwise fashion based on the principles of laser SLA. All the zirconia 

abutments were positioned and torqued to 35 N/cm on an implant analog (Straumann RC; 

Straumann) and divided into three groups: MZr crowns; MLD crowns, and additively 

manufactured full-contour zirconia crowns. The crowns were cemented to implant-
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supported zirconia abutments and mounted onto polyurethane blocks. Fracture resistance 

was determined by vertical force application using a universal testing machine at a 

crosshead speed of 2 mm/minute. The result shows milled zirconia crowns demonstrated 

the highest median fracture resistance (1292 ±189 N), followed by milled lithium disilicate 

(1289 ±142 N) and additively manufactured zirconia (1243.5 ±265.5 N) crowns. Samples 

in all three groups fractured at the abutment. The fracture line was located near the interface 

of zirconia abutment and implant analog. The author concluded that Am of all-ceramic 

crowns cemented on zirconia abutments had a comparable fracture resistance to milled 

restorations in this in vitro study. AM appears to be a promising technology for the 

fabrication of all-ceramic restorations with great potential for improvement in the near 

future. 

 
Another study done by (Sarıkaya et al, 2018) evaluated the wear and fracture strength of 

crowns and three-unit partial fixed dental prosthesis (FDP) fabricated using Bruxzir and 

Incoris TZI as recently introduced monolithic zirconia materials. A mandibular left first 

molar tooth of the dentulous mandibular cast was selected for producing monolithic crown 

restorations. A mandibular left second premolar tooth and a mandibular left second molar 

were selected for fabricating the FDPs. The selected teeth were prepared according to the 

accepted tooth preparation principles using a chamfer diamond rotary instrument by 

adjusting for a 1 mm circumferential chamfer margin, 1.5 mm occlusal reduction, 1 mm 

axial preparation, and 6° convergence angle. The prepared teeth were then duplicated as 

master dies made of Ni-Cr by laser sintering. In total, thirty-two master model dies were 

obtained, including sixteen master casts that were made as crowns and sixteen master casts 

that were made as three-unit FDPs; the model dies were fabricated with Bruxzir (Glidewell 
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Laboratories, CA, USA) and Incoris TZI (Sirona Dental Systems GmbH, Bensheim, 

Germany). All the restorations were adhesively luted on Ni-Cr master cast dies using a dual 

cure composite material. All specimens were subjected to a 2-body wear test in a dual axis 

chewing simulator for 1,200,000 loading cycles against steatite antagonist balls. The 

fracture strength and volumetric loss were recorded. Result shows no statistically 

significant differences when the wear values of Bruxzir and Incoris TZI crowns after 

1,200,000 chewing cycles were analyzed (F = 10.874 and p = 0.003). The mean volumetric 

loss of the crowns was observed to be higher than that of three-unit FDPs (p < 0.05). Of 

the two tested monolithic systems, Incoris TZI exhibited more wear than Bruxzir. This in 

vitro study conclude that both the monolithic zirconia crowns showed a small but 

significantly increased volumetric loss compared to three-unit FDPs. Of the two tested 

monolithic systems, Incoris TZI exhibited greater wear than Bruxzir. The fracture strengths 

of Bruxzir crowns and FDPs were found to be greater than those of their counterparts 

fabricated with Incoris TZI. 

 
e- Surface Roughness And Porosity of Zirconia material 

 
 
        In terms of surface roughness, Park et al. (2014) evaluated the 2-body wear of 

antagonists for three computer-aided design and computer-aided manufacturing 

(CAD/CAM) anatomic contour zirconia ceramics and veneering porcelain when opposing 

natural human enamel. Zirkonzahn Y-TZP (polished zirconia, zirconia with staining, 

zirconia with staining and glazing), Acucera Y-TZP, Wieland Y-TZP, and Noritake 

feldspathic ceramic were tested. Maxillary premolars served as the antagonists to simulate 

a typical clinical situation. The 5-TEC CAD/CAM system (Zirkonzahn GmbH) was used 
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to fabricate the ZPP, ZPS, ZPG, and AZ groups. This information was used to cut the 24 

disk-shaped specimens from Prettau blocks with a milling machine (M5; Zirkonzahn 

GmbH). The same procedure was used to fabricate an AZ specimen from a ZirBlank block. 

In addition, another eight disks of ZirBlank block were cut for the FC group. For the ZPS 

group, a stain was applied after polishing, and for the ZPG group, a glaze was applied after 

staining. The zirconia with staining group (ZPS) was made to simulate the clinical situation 

in which the glazing was worn after occlusal adjustment. A CAD/CAM system was used 

to fabricate the WZ group. Eight disk-shaped specimens 15 mm in diameter and 5 mm 

thick were prepared for each group. Forty-eight specimens were fabricated for a wear test 

against maxillary premolars with 240000 masticatory cycles in a masticatory simulator. 

Before the experiment, the surface roughness of each ceramic was measured. The surface 

of the specimens was observed at 50x and 1000x magnification with a field emission 

scanning electron microscope (FE-SEM) before and after the experiment. The SEM of each 

group revealed fine bubbles and porous surfaces in the Noritake feldspathic ceramic group, 

whereas the polished Zirkonzahn Y-TZP group, Acucera Y-TZP group, and Wieland Y-

TZP group had smooth surfaces. The surface roughness of Zirkonzahn Y-TZP after 

staining and glazing was significantly greater than that of any other groups (P<.01). The 

tooth opposing the polished Zirkonzahn Y-TZP group demonstrated the least wear (1.11± 

0.51 mm3) while Zirkonzahn Y- TZP with staining and glazing produced the greatest 

enamel wear (3.07±0.98 mm3) among the zirconia groups. The Noritake feldspathic 

ceramic group showed significantly more antagonistic tooth wear than other groups (P<. 

05). The authors conclude in this in-vitro study that the antagonist wear of 3 CAD/CAM 

anatomic contour zirconia ceramics was significantly less than the Noritake veneering 
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ceramic because the surface character of Y-TZP is relatively uniform and homogeneous. 

Zirkonzahn Y- TZP with staining and glazing was significantly more abrasive than the 

other zirconia specimens tested. However, it was less abrasive than the Noritake veneering 

ceramic. 

 
Another study done by (Checketts et al. 2014) assesses the change in the surface roughness 

of 3 different surfaces after dental prophylactic instrumentation and how this influenced 

bacterial adhesion. Forty specimens of each Type III gold alloy, lithium disilicate, and 

zirconia were fabricated in the same dimensions. The specimens were divided into four 

groups: ultrasonic scaler, stainless steel curette, prophylaxis cup, and control. Pretreatment 

surface roughness measurements were made with a profilometer. Surface treatments in 

each group were performed with a custom mechanical scaler. Posttreatment surface 

roughness values were measured. Then the specimens were inoculated with Streptococcus 

mutans, Lactobacillus acidophilus, and Actinomyces viscosus. Bacterial adhesion was 

assessed by rinsing the specimens with sterile saline to remove unattached cells. The result 

shows the surface roughness values for gold alloy specimens increased as a result of 

prophylaxis cup treatment (0.221 to 0.346 Ra) (P<.01) and stainless-steel curette treatment 

(0.264 to 1.835 Ra) (P<.01). The results for bacterial adhesion to gold alloy proved 

inconclusive. A quantitative comparison indicated no statistically significant differences in 

pretreatment and posttreatment surface roughness values for lithium disilicate and zirconia 

specimens. In spite of these similarities, the overall bacterial adherence values for lithium 

disilicate were significantly greater than those recorded for gold alloy or zirconia (P<.05). 

Instrumentation of the lithium disilicate and zirconia with the stainless-steel curette 

significantly increased bacterial adhesion compared with the control (P<.05). The 
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conclusion of this investigation indicates that Type III gold alloy exhibited increased 

surface roughness values after stainless steel curette and prophylaxis cup treatments. 

Zirconia was less susceptible to bacterial adhesion than lithium disilicate, and greater 

bacterial adhesion was found for the stainless-steel curette than the other instrumentation 

methods. 

 
An in vitro study (Revilla-León et al. 2020) measured the manufacturing accuracy and 

volumetric changes of AM zirconia specimens with porosities of 0%, 20%, and 40%. A 

digital design of a bar (25×4×3 mm) was obtained by using an open-source software 

program. Three groups were created based on the material porosity: 0% porosity (0% 

group), 20% porosity (20% group), and 40% porosity (40% group). Twenty specimens 

were manufacture using an SLA ceramic printer. For the 0% group, the ZrO2 was sintered 

in a furnace at 1450 C, and for the 20% and 40% groups, the sintering temperature varied 

between 1450 C and 1225 C. The specimen dimensions (length, width, and height) were 

measured three times with digital calipers, and the mean value was determined. The 0% 

group obtained a median ±interquartile range values of 20.92 ±0.14 mm in length, 3.43 

±0.07 mm in width, and 2.39 ±0.03 mm in height; the 20% group obtained 22.81 ±0.29 

mm in length, 3.74 ±0.07 mm in width, and 2.62 ±0.05 mm in height; and the 40% group 

presented 25.11 ±0.13 mm in length, 4.14±0.08 mm in width, and 2.96 ±0.02 mm in height. 

The result shows significant differences in manufacturing volumetric changes were 

encountered among the three groups (P<.001). In all groups, volumetric changes in the 

length, width, and height were not uniform. The author concludes that the 40%-porosity 

group obtained the highest manufacturing accuracy and the lowest manufacturing volume 

change, followed by the 20% porosity and the 0%-porosity group. 
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II. PURPOSE 
 
 
      The purpose of this research project was to assess the trueness of zirconia crowns 

fabricated using additive technology compared to crowns fabricated using subtractive 

technology. 

 
III. HYPOTHESIS 
 

      The null hypothesis was that no significant difference in trueness would be found 

between the subtractive and additive manufactured groups. 

 
IV. MATERIAL AND METHODS 
 
 
      The trueness of additively manufactured and subtractive manufactured zirconia crowns 

was evaluated and compared in this in-vitro study. Prosthodontic resident at University of 

Maryland dental school used round diamond bur (Komet; Rock Hill, SC, USA) for the 

preparation of mandibular first molar on Dentoform (DENTALEZ; Columbia Dentoform 

Corp, Malvern, PA, USA). Full coverage crown preparation includes 1.5 mm of occlusal 

surface reduction, 1 mm of axial wall reduction, 1.5 mm chamfer of margin, and 6-degree 

taper was done. The prepared tooth was scanned using a laboratory scanner (D2000 dental 

lab scanner; 3shape, Copenhagen, Denmark). A crown was designed by using the 3Shape 

Dental System software program (3Shape Dental System; 3Shape) based on the prepared 

tooth. It was saved as a standard tessellation language (STL) file and imported into the 3D 

printing and the CAD-CAM systems (Fig 1). 

 
 
 



29  

 

 
 
 
A- SUBTRACTIVE MANUFACTURING 
 
 
       A 5-Axis milling machine (DWX-510; Roland DGA Corp) was used to fabricate 

unshaded Zirconia crowns (ZR HT; Vericore Whipmix, Louisville, KY, USA ) (n=18, Fig 

2A). CAD-CAM system with the 5-axis milling unit produced the best marginal fit (Hamza 

et al. 2017). One disc was used to mill all crowns. A 5-axis milling machine has greater 

accuracy, and the two ball-end mill burs have been reported to be more effective than the 

three ball-end mill burs for shaping the intaglio of the prosthesis (Abduo et al. 2014). The 

milled crowns were placed in the furnace (Infinity ZR Sintering Furnace; Whip Mix, 

Louisville, KY, USA) for 10 hours. The heating temperature was ten °C per minute up to 

1000°C. From 1000 °C, the heat increased up to 4 °C per minute until it reaches 1500 °C. 

Then they were placed on the bench to cool slowly for 2 hours until they reached room 

temperature. All crowns were sintered without further adjustments. 

 
B- ADDITIVE MANUFACTURING 
 
 

Figure 1: Stl file of the reference data , occlusal surface on the left and lingual surface on the right. 
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For additive manufacturing, a 3D printer (3D Ember; Autodesk, Inc. San Rafael, CA, USA) 

was used to manufacture printed zirconia crowns (n=10) (Fig 2B). This printer uses 

Stereolithography (SLA) that has been successfully used to manufacture surgical implant 

templates and maxillofacial prostheses (Methani et al. 2019). The slice dimensions and 

parameters were set based on the imported STL file, and then the working tank was filled 

with a ZrO2 paste (3DMIXZrO2L; 3DCeram Co) mixed with liquid photosensitive resin. 

The paste was selectively solidified under radiation from an ultraviolet laser. Once the 

printing is complete, the crown is scraped with a metal spatula, and any support structures 

are removed. The crown is then placed in a jug filled with a small amount of alcohol for 

final curing. From room temperature to about 600, the crowns are heated slowly in a 

furnace as the photocured resin is completely burned out. The furnace temperature then 

increased to the sintering temperature, which varies depending on the ceramic (~1,400 °c 

for zirconia). During sintering, zirconia shrinks a predictable and repeatable amount until 

the total density is achieved. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A      B 
Figure 2: Representative images of crown restorations manufactured by different technologies. A- Subtractive 

manufacturing. B-Additive manufacturing. 
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C- SCANNING ZIRCONIA CERAMIC CROWNS 
 
 
      The intaglio surfaces of the 28 crowns were lightly powdered using a scan spray lab 

(Quickcheck indicating spray; Vacalon company, Inc. Pickerington, OH, USA) that has a 

micro-fine layer of colored powder. Also, it has a continuous smooth spraying pattern that 

can be used as a scan spray with most CAD/CAM systems. All crowns were scanned using 

a laboratory scanner (D2000 dental lab scanner; 3shape, Copenhagen, Denmark). The 

scanned data were saved in STL format (Fig 3,4) and imported into a 3D inspection 

software (Geomagic Control X; ver. 2017, 3D Systems Inc) for evaluation. 

 

 
Figure 3: Stl file from the scan of a printed zirconia sample, occlusal surface on the left and proximal surface on the 

right 

 
 
 

 

Figure 4: Stl file from the scan of a milled zirconia sample, occlusal surface on the left and proximal surface 
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Each scanned crown was superimposed and aligned on the corresponding data of the 

reference CAD crown with the best fit and marginal alignment settings to determine 

differences between the two groups. The color maps were generated to represent the 3D 

deviation, with the maximum and minimum critical values from -50 mm (blue) to +50 mm 

(red). Negative deviations are shown by blue areas, meaning that the crown dimension was 

smaller than the reference CAD dimensions. In contrast, positive deviations are indicated 

by red areas, suggesting that the crown dimension was greater than the reference CAD 

dimensions. 

 
V. STATISTICAL ANALYSIS 
 
 
      Statistical analysis was carried out using Sigma Stat 4.0 (Systat Software Inc). The 

comparison of two groups of samples was performed through ANOVA (one-way analysis 

of variance). The level of significance chosen was p<0.05. 

 
VI. RESULTS 
 
 
      The results of the study are detailed in Tables 1 (additive technology samples) and 

Table 2 (subtractive technology samples). The root mean square (RMS) values were used 

to evaluate the trueness of the fabricated prostheses. A higher RMS value suggests a 

significant error, and a low RMS value suggests high 3D trueness. All experimental data 

were reported as RMS ±standard deviation. This analysis results in positive and negative 

deviations between the superimposed data sets. The deviations absolute values were 

calculated, resulting in two values per fabricated crown. The average RMS ±standard 

deviation for Best Fit and Marginal Alignment of subtractive and additive groups are 
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described in Table3. The results of the superimposition were illustrated as a map of the 

color difference (fig5). A significant positive error was found at the margin and proximal 

sites in milled crowns while at cusp inclines in printed crowns. The result shows that the 

milled crown has more positive deviations, which indicated by the red color around the 

margin areas, suggesting that the milled crown dimension was more significant than the 

reference CAD dimensions. On the other hand, the printed crown showed no positive 

deviations indicated by red color around the margin areas, which means that the crown 

dimension has a better fit to the reference CAD dimensions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Color maps representing deviation value fabricated by additive and subtractive 
manufacturing, Red indicates a positive error, blue indicates a negative error, and green 

indicates good trueness. 
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A-BEST FIT ALIGNMENT ANALYSIS 
 
 
      For zirconia crowns fabricated using additive technology, the mean RMS value was 

42.81 ±40.8 μm. For the crowns fabricated using the subtractive technology, the mean RMS 

value was 62.67 ±50.79 μm. Crowns fabricated using additive technology showed 

significantly lower RMS value than subtractive technology for Best Fit alignment 

(F=11.172, P=0.003) (Fig 6). Crowns fabricated using additive technology exhibited better 

trueness than crowns fabricated using subtractive technology in terms of best fit alignment 

(P<0.05). 

 
B-MARGINAL ALIGNMENT ANALYSIS 
 
      For the crowns fabricated using additive technology, the mean RMS value was 43.11 

±38.05 μm. For the crowns fabricated using the subtractive technology, the mean RMS 

value for marginal alignment was 55.35 ±48.69 μm. Crowns fabricated using additive 

technology showed a significantly lower mean RMS value than subtractive technology for 

marginal alignment (Fig7). Crowns fabricated using additive technology have better 

trueness than crowns fabricated using subtractive technology in terms of best fit alignment 

(P<0.05). 
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Table 1: The RMS ± standard deviation values for best fit alignment and for marginal alignment of additive 
manufacturing samples 

 
Sample RMS for Best fit (μm) ± Std. Dev for best 

 
fit (μm) 

RMS for marginal 
 
alignment (μm) 

± Std. Dev for marginal 
 
alignment (μm) 

P1 42.3 41.8 44.5 43.3 

P2 0 0 61.7 53.3 

P3 61.1 59.6 53.9 52.4 

P4 54.9 49.5 41.7 38.3 

P5 32.4 31.2 35.3 34.4 

P6 38.7 37.6 39 37.5 

P7 41.9 40.4 44.3 42.5 

P8 39.3 38.7 41.7 40.6 

P9 37.7 36.9 39.5 38.2 

P10 37 31.5 29.5 0 
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Table 2: The RMS ± standard deviation values for best fit alignment and for marginal alignment of Subtractive 
manufacturing samples 

 
Sample RMS for Best fit (μm) ± Std. Dev for best 

 
fit (μm) 

RMS for marginal 
 
alignment (μm) 

± Std. Dev for marginal 
 
alignment (μm) 

M1 55.4 46.9 2.5 2.3 

M2 87 62.8 72.2 68.9 

M3 82.3 61.1 83.1 60.4 

M4 93 58.4 82.8 75.7 

M5 75.1 53.7 65.2 58.3 

M6 97.1 69.8 85.4 75.2 

M7 86.4 66.8 74 70.3 

M8 43 66.8 42.8 40.1 

M9 51.1 51.1 55.8 55.6 

M10 42.2 37.3 40.1 35.9 

M11 59.1 38.8 57 37.1 

M12 71.1 55 52.5 45.5 

M13 45.3 33.6 51.4 44.8 
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Table 3: The average of RMS and Std. Dev for best fit and marginal alignment for both groups 

 
Group Average of RMS for 

Best fit (μm) 

Average of Std. Dev. 

for Best fit (μm) 

Average of RMS for 

Marginal 

Alignment (μm) 

Average of Std. Dev. for 

Marginal Alignment 

(μm) 

Subtractive group 62.67 50.79 55.35 48.69 

Additive group 42.81 40.8 43.11 38.05 

Grand Total 56.05 47.45 50.97 44.89 
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Figure 6: The average of RMS value for best Fit in both groups. (Y) axis shows the RMS value (X) 
axis shows the type of technology. 

Figure 7: The average of RMS value for marginal alignment in both groups. (Y) axis shows the 
RMS value (X) axis shows type of technology. 
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VII. DISCUSSION 
 
 
     This research project examined the trueness of zirconia crown fabricated by subtractive 

and additive technologies. Results show crowns manufactured using additive technology 

exhibit significantly lower RMS value than subtractive technology for Best Fit alignment 

(F=11.172, P=0.003) and marginal alignment. According to the results, the null hypothesis 

was rejected. 

 
Accuracy of ceramic crowns fabricated by Additive Manufacturing 
 
 

     The manufacturing of dental prostheses using additive production processes has seen 

constant growth and attention. For instance, a study published by Wang et al. (Wang et al. 

2019) evaluated the 3D trueness of zirconia crowns. The digital crowns were processed 

either with a 3D printing system or with a dental milling system. The crowns scanned using 

a dental laboratory scanner, and the data collected for each crown. They were divided into 

four parts (the external surface, intaglio surface, marginal area, and intaglio occlusal 

surface). The result showed the trueness of the external surface, intaglio surface, marginal 

area, and intaglio occlusal surface of the 3D-printed crowns was no worse than the 

corresponding trueness CAD-CAM crowns . These findings are consistent with the 

findings of this research project. 

 
Another in vitro study (Revilla-León et al. 2020) measured and compared the marginal and 

internal discrepancies of milled and additive manufacture zirconia crowns using the 

silicone replica technique. Implant custom abutment was manufactured and scanned by 

using a laboratory scanner. Three groups were determined: anatomic contour zirconia 
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milled (CNC group), AM anatomic contour zirconia (AM group), and AM splinted zirconia 

(SAM group). Ten samples per group were fabricated. The silicone replica technique was 

used to measure the marginal and internal discrepancies. The intaglio surface of the crown 

was coated and placed on the implant abutment by using firm hand pressure from the 

occlusal surface to simulate a clinical situation until complete polymerization of the 

silicone material. The cement gap was measured on images captured by using a digital 

microscope at ×100 magnification. The result shows CNC and SAM groups had clinically 

acceptable marginal and internal discrepancies, while the AM group had clinically 

unacceptable marginal and internal crown discrepancies. In our current in-vitro study, the 

trueness of the crown manufacturing process was assessed instead of directly measuring 

the fit of the crowns. This approach avoids the need for the silicone replica technique. 

Instead, differences were evaluated between the scan data and the corresponding CAD 

model data. The generated color maps directly show which crown areas had been 

accurately or inaccurately reconstructed and demonstrated a similar error distribution 

between the 3D printing and the milling techniques. In addition, using the silicone replica 

technique by applying hand pressure from the occlusal surface could cause some error that 

does not simulate that in the clinical situation. 

 
Another in vitro study (Moldovan et al. 2011) evaluate the three-dimensional internal fit of 

CAD/CAM-manufactured zirconia copings to verify the realizability of accurate 

production of dental restorations out of high strength materials (zirconia). Five copings per 

die were manufactured with two different CAD/CAM technologies: milling and grinding. 

The internal fit was determined by a three- dimensional replica technique by optical 

digitization and computer-assisted analysis. Moldovan concluded that the CAD/CAM 
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process still needed improvements in terms of standardization, reproducibility, and 

efficiency. Determining the fit of a prosthesis to a working model before its installation in 

the oral cavity of a patient is an important step in increasing the lifespan and stability of 

the prosthesis. Currently, there are two methods to manufacture working models using the 

CAD/CAM systems: milling and 3D printing. Therefore, in the current study, the accuracy 

of ceramic crowns that were manufactured using subtractive and additive methods, in 

reference to an STL file obtained by a laboratory scanner, was assessed. 

 
Miura et al. (2021) evaluated the occlusal reproductive trueness of zirconia crowns 

fabricated using additive manufacturing and compared the surface roughness of crowns 

fabricated using additively manufactured and conventional milling. This study additive 

manufacturing could be an effective method for manufacturing zirconia crowns. Moreover, 

Revilla-León et al. (2020) measured the manufacturing accuracy and volumetric changes 

of additively manufactured zirconia specimens with porosities of 0%, 20%, and 40%. It 

shows that additive manufacturing with 40%-porosity obtained the highest manufacturing 

accuracy and the lowest manufacturing volume change. 

 
Overall, the findings from studies investigating the accuracy of AM zirconia crowns are 

consistent with the findings of this research project. 

 
Marginal adaptation of ceramic crowns 
 
 

     Cetik et al. (2017) compared the precision of optical impressions (Trios, 3Shape) versus 

that of conventional impression (Imprint IV, 3M-ESPE) with three different margins 

(shoulder, chamfer, and knife-edge). A statistically significant difference was observed 
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between the three margin types; the chamfer and knife-edge finishing lines appeared to 

offer better adaptation results than the shoulder margin. Another study (Li et al., 2021) 

investigate the performance of stereolithography (SLA) and milling in fabricating 

monolithic zirconia crowns with different finish line designs. Three finish lines (chamfer, 

rounded shoulder, knife-edge) were designed and fabricated by SLA and milling. The result 

shows that printed green bodies were fragile. Thin margins of knife-edged crowns were at 

risk of chipping during manual handling. Li concludes that SLA and milling can fabricate 

monolithic zirconia crowns that have comparable accuracy and knife-edged crowns are 

prone to large margin chippings by either of the two manufacturing methods. Our current 

study choose a chamfer finish margin design that offers better adaptation and avoids any 

possibility of complications such as chipping material in the marginal area. 

 
A published study (Ioannidis et al. 2020) used additive manufacturing to compare zirconia 

occlusal veneer's marginal and internal fit. 60 extracted human molars were used in this in-

vitro study. Occlusal veneers were designed and fabricated for the prepared teeth and 

divided into (3DP) 3D-printed zirconia; (CAM) milled zirconia; and (HPR) heat-pressed 

LS2. The prepared teeth and restorations were scanned and superimposed, and the marginal 

and internal adaptation was measured 2- and 3- dimensionally; the production accuracy 

was also measured. The result showed no significant differences were found between 3D-

printed zirconia and HPR in any of the measurements. A poorer internal adaptation and a 

lower production accuracy were found comparing the 3D- printed with the milled zirconia 

occlusal veneers; however, not in the marginal area. Authors conclude that three- 

dimensionally printed zirconia occlusal veneers produced by means of lithography-based 

ceramic manufacturing (LCM) had a marginal adaptation (95 micrometers) and a 
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production accuracy (26 micrometers) similar to that of conventional methods. A published 

study that evaluated clinically acceptable marginal gab revealed that a marginal gap 

between 50 to 120 micrometer had been considered clinically acceptable (Karatas et al. 

2011; Grenade et al. 2011; Contrepois et al. 2013). In addition, authors concluded in a 

different study that a marginal opening of no more than 120 mm was clinically acceptable 

after a clinical examination of more than 1000 crowns at five years (McLean et al. 1971). 

These findings support our study results that three-dimensional printing can be a successful 

way to produce zirconia ceramic crowns for dental application. 

 
The surface texture of zirconia crowns fabricated by additive technology 
 
 

     Miura et al. (2021) compared the surface roughness of crowns fabricated using 

additively manufactured and conventional milling. This study indicates that the smoother 

surfaces of additive manufactured crowns would lead to shorter polishing times and reduce 

the risk of abrasion of the opposing teeth. Another study (Matthew et al. 2014) assessed 

the change in the surface roughness of 3 different surfaces after dental prophylactic 

instrumentation and how this influenced bacterial adhesion. The result shows the overall 

bacterial adherence values for lithium disilicate were significantly greater than those 

recorded for gold alloy or zirconia. Authors conclude zirconia was less susceptible to 

bacterial adhesion than lithium disilicate, and greater bacterial adhesion was found for the 

stainless- steel curette than the other instrumentation methods. In an in vitro study Simoneti 

et al. (2020) compared the properties of interim restorations made by 3D printing with 

different technologies, laser stereolithography (SLA), technology, and selective laser 

sintering (SLS) with those obtained by conventional techniques from acrylic resin and bis-
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acryl resin and found higher surface roughness in the conventional PMMA than the printed 

groups. In our current study, the need for polishing, finishing burs, and changing drilling 

burs frequently for subtractive manufacturing machines is necessary. It will be a 

consideration to use a subtractive machine in dental offices. In addition, using subtractive 

technology wastes material more compare to additive technology. 

 
Fracture resistance and hardness of additive manufacturing ceramic crowns 
 
 

      (Zandinejad et al. 2019) compare the fracture resistance of implant-supported milled 

zirconia, milled lithium disilicate, and additively manufactured zirconia crowns. They 

found additively manufactured zirconia crowns demonstrated similar fracture resistance to 

milled ceramic crowns when cemented to implant-supported zirconia abutments. Further 

long-term clinical study is needed. Skjold et al. (2019) assessed the effect of preparation 

and crown margin design on fracture resistance. Ten crowns in each group were produced 

by hard‐ or soft‐machining technique, with the following four different margin designs: 

chamfer preparation; slice preparation; slice preparation with an additional cervical collar 

of  0.7 mm thickness; and reduced occlusal thickness (to 0.4 mm) on slice preparation with 

an additional cervical collar of 0.7 mm thickness. The finding shows the chamfer design 

crowns fractured at a higher load than did the slice design crowns in both production‐

method groups indicates that the commonly recommended chamfer margin design gives 

the strongest crowns. The increased thickness in the crown margin probably explains this 

result. In our current study, a marginal chamfer design was chosen for better adaptation and 

to limit the possibility of chipping. However, further studies must be performed to evaluate 

this in a clinical setting. 
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As a limitation of our study, the equipment for additively manufactured is considered to be 

expensive. Additive manufactured systems are priced at approximately five times the cost 

of subtractive manufactured systems. So, the significantly high cost of the equipment would 

also affect the unit price of additively manufactured crowns at the moment (Miura et al. 

2020; Wang et al. 2019). Also, limited shade available for additive technology to fabricate 

ceramic crowns, only one shade (white) is currently available (Miura et al. 2020). 

 
These are the limitations that must be solved for this approach to be effectively applied and 

improved in dentistry. The implementation of this technology in clinical practice will be 

made possible in the future by lower material and equipment prices, improved precision, 

and the creation of an acceptable shade range. For the application of a Zirconia ceramic 

crown developed by additive technology, further long-term clinical research is required. 

Nonetheless, this research has shown that additive technology can fabricate zirconia 

ceramic crowns with great success. 

 
 
VIII. CONCLUSIONS 
 
 
     Within the limitations of this vitro study, the following conclusions were drawn: 

Additive manufactured zirconia crowns fulfill surface trueness criteria. Three-

dimensional printing can be a successful way to produce zirconia ceramic crowns. 
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