
Romanian Journal of Oral Rehabilitation 

Vol. 17, No.4 October-December 2025 

133 
DOI : 10.62610/RJOR.2025.4.17.12 

 

MECHANICAL PROPERTIES OF DIGITALLY FABRICATED TEETH 

FOR USE IN COMPLETE DENTURE PROSTHODONTICS 

 

Alexia-Ecaterina Cârstea1, Robert-Cătălin Ciocoiu2, Vlad-Gabriel Vasilescu3, Ioana 

Peltea1, Lucian-Toma Ciocan3, Silviu-Mirel Pițuru4, Marina Imre5, Ana-Maria Cristina 

Țâncu5 

 
1  Faculty of Dentistry, “Carol Davila" University of Medicine and Pharmacy - Bucharest, Romania 
2  National University of Science and Technology POLITEHNICA, Department of Metallic Materials Science, 

Physical Metallurgy – Bucharest, Romania 
3 Faculty of Dentistry, “Carol Davila" University of Medicine and Pharmacy, Discipline of Dental Prosthesis 

Technology, - Bucharest, Romania  
4 Department of Professional Organization and Medical Legislation-Malpractice, Faculty of Dentistry, “Carol 

Davila" University of Medicine and Pharmacy – Bucharest, Romania 
5 Faculty of Dentistry, “Carol Davila" University of Medicine and Pharmacy, Department of Proshodontics - 

Bucharest, Romania 

Corresponding author;  e-mail: vlad.vasilescu@umfcd.ro,  

e-mail: lucian.ciocan@umfcd.ro 

 

ABSTRACT  

Aim of the study. Our study aimed to compare the fracture resistance and mechanical behavior under axial 

compression of artificial teeth manufactured using conventional prefabrication, CAD/CAM milling, and three-

dimensional printing techniques.  

Materials and methods. An in vitro study was performed on four groups of maxillary first molar artificial teeth 

(n = 10), produced by conventional, CAD/CAM, and 3D printing techniques. All specimens were standardized 

and subjected to axial compression using a universal testing machine at a constant crosshead speed until fracture. 

Results. CAD/CAM-milled PMMA teeth showed the highest stiffness and fracture resistance under axial 

compression. Conventionally prefabricated teeth exhibited intermediate mechanical behavior with greater 

deformation prior to failure, while 3D-printed specimens demonstrated the lowest resistance and predominantly 

brittle fracture patterns.  

Conclusions. The technique used for tooth fabrication plays a decisive role in determining mechanical integrity 

under compressive loading. Teeth produced by subtractive digital workflows show the most favorable 

resistance profile for demanding functional conditions, whereas conventionally manufactured specimens 

maintain acceptable performance in standard prosthetic indications. Additively manufactured teeth exhibit 

inferior resistance characteristics, limiting their current applicability to provisional or low-stress clinical 

situations. 
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INTRODUCTION 

The integration of digital manufacturing 

technologies has expanded the fabrication 

modalities of artificial teeth for complete 

denture prosthodontics, predominantly 

through CAD/CAM milling and three-

dimensional printing. Although these 

approaches provide enhanced 

standardization, precision, and process 

control compared with conventional 

manufacturing methods, their clinical 

adoption largely depends on the mechanical 

reliability of the materials used.2 

Conventionally prefabricated acrylic teeth 

exhibit predictable mechanical performance, 

supported by long-term clinical evidence. In 

contrast, the fracture resistance and 

deformation behavior of digitally 

manufactured artificial teeth remain 

insufficiently characterized. Considering the 
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complex functional loads acting on complete 

dentures, a systematic assessment of the 

mechanical behavior associated with 

different manufacturing technologies is 

essential to inform evidence-based material 

selection in contemporary prosthetic 

practice.3 

This study aims to compare the fracture 

resistance and mechanical behavior under 

axial compression of artificial teeth 

manufactured by conventional, CAD/CAM, 

and 3D printing techniques. 

 

     MATHERIALS AND METHODS 

Study Design and Research Approach 

An in vitro experimental study design was 

adopted, involving standardized mechanical 

testing protocols applied to artificial teeth 

produced by different manufacturing 

technologies.  

Sample Selection and Study Units 

     Four types of artificial teeth currently used 

in prosthetic practice were selected, 

representing two technological categories: 

conventional and digital manufacturing. (Fig. 

1) All specimens were chosen to correspond 

to the standard morphological dimensions of 

the maxillary first molar (tooth 1.6), in order 

to ensure biomechanical relevance and 

comparability between groups. Each group 

consisted of ten specimens (n = 10). All 

samples were standardized to a height of 3 

mm. 

 
Figure 1. Schematic Classification of Artificial Teeth Samples 

According to Manufacturing Technique 

 

Sample Preparation and 

Standardization 

To ensure consistent support 

geometry and loading conditions, the basal 

surfaces of the conventionally prefabricated 

teeth (Groups A and B) were standardized by 

controlled grinding using fine-grit abrasive 

papers (P600–P800). This procedure was 

performed to obtain a flat base parallel to the 

occlusal surface, enabling uniform axial force 

application during mechanical testing. Basal 

surface correction allowed stable and 

reproducible positioning of the specimens 

within the testing apparatus and minimized 

the risk of tilting or rotational movements that 

could influence test outcomes. By aligning 
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the basal surface with the occlusal plane, 

predictable load transmission was achieved 

and unintended lateral stresses were avoided. 

Digitally fabricated specimens (Groups C and 

D) were designed to replicate the same 

anatomical morphology of the maxillary first 

molar. Prior to testing, all digitally 

manufactured teeth were dimensionally 

compared with the conventionally 

prefabricated samples to confirm consistency 

in shape and size. 

 

Fabrication of 3D-Printed Specimens 

(Fig. 2) 

Specimens included in Group C were 

manufactured using a 3D printing system 

(Anycubic Mono X 6Ks) and a methacrylate-

based photopolymer resin (Anycubic UV 

Sensitive Resin, gray). The tooth morphology 

was digitally designed based on a maxillary 

first molar and exported in STL format. The 

file was subsequently processed using 

Lychee Slicer, where the printing parameters 

were defined, including model orientation, 

automatic support generation, and a layer 

thickness of 50 µm, chosen to ensure an 

appropriate balance between manufacturing 

efficiency and dimensional accuracy. 

The specimens were produced using an 

additive manufacturing process, during 

which successive layers were polymerized 

with ultraviolet light at a wavelength of 405 

nm. After printing, the samples were 

removed from the build platform and rinsed 

in 96% isopropyl alcohol for 5 minutes to 

remove residual uncured resin.3,4 Final 

polymerization was achieved by post-curing 

the specimens under UV light (405 nm) for 

40 minutes in a glycerin medium. Each 

printed specimen was visually inspected to 

identify and exclude defects such as 

porosities, cracks, or visible distortions. 

 

Fabrication of CAD/CAM-Milled 

Specimens (Fig. 3) 

Specimens in Group D were produced 

using subtractive CAD/CAM technology 

from compact Huge PMMA Blocks, an 

industrially prepolymerized material 

characterized by a homogeneous internal 

structure and high mechanical stability.5 

Digital models were created using the 

same reference morphology as the other 

groups to ensure intergroup consistency. The 

designs were transferred to the CAM system 

of a five-axis milling unit (PlanMill 60 S, 

Planmeca), capable of achieving machining 

precision below 20 µm.6 The PMMA discs 

were securely mounted, and milling was 

performed automatically using multiaxial 

cutting strategies.7 Machining parameters 

were adjusted to minimize internal stresses 

and reduce the risk of microcrack formation 

while maintaining accurate anatomical 

contours. Following milling, the specimens 

were separated from the disc and finished 

manually using fine burs and low-grit 

abrasive discs. Each sample was visually 

inspected and examined under magnification 

to confirm the absence of surface defects or 

morphological irregularities. 

 

  

Figure 2. 3D-printed artificial teeth. Figure 3. CAD/CAM-milled artificial teeth 

 

Mechanical Testing Procedure 

Mechanical testing was performed using 

controlled axial compression in order to 

replicate functional masticatory loading 
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conditions. A universal testing machine 

equipped with a calibrated high-precision 

load cell was employed. Compressive force 

was applied perpendicular to the occlusal 

surface by means of a hardened steel 

spherical indenter with a diameter of 5 mm 

and a hardness of 63–65 HRC. 

All tests were performed under 

standardized laboratory conditions, at a 

temperature of 22 ± 1 °C and a relative 

humidity of 50 ± 5%. Each specimen was 

positioned on a compression platen with its 

basal surface aligned parallel to the occlusal 

plane and rigidly stabilized to ensure purely 

axial load transmission, thereby avoiding 

lateral displacement or torsional effects. A 

progressively increasing load was applied at 

a constant crosshead speed of 1 mm/min until 

structural failure occurred. Force–

displacement data were recorded 

continuously, and the maximum force 

sustained prior to failure was expressed in 

kilonewtons (kN). (Fig. 4) 

The load application point was selected 

at the region of maximum occlusal concavity, 

located centrally between the cusps, which is 

known to be particularly prone to tensile 

stress development under compressive 

loading. This loading configuration enabled 

the evaluation of both compressive strength 

and crack initiation behavior, providing 

insight into the mechanical response of the 

different materials in relation to their 

microstructural characteristics. (Fig. 5) 

 

 

 

 

     Figure 4. Schematic representation 

of the compression method used for 

fracture resistance testing 

 

Figure 5. Representation of force distribution 

during load application at the point of 

maximum occlusal concavity 
 

 

 

Failure Criteria and Data Handling 

Testing was terminated upon the 

occurrence of a visible fracture associated 

with a sudden load drop, the appearance of a 

major crack without elastic recovery, or the 

attainment of a predefined maximum force 

threshold to protect the testing equipment. 

Ten specimens from each group were tested 

under identical conditions. Between tests, all 

contact surfaces were cleaned and inspected 

to prevent external influences on the results. 

All raw data were digitally recorded for 

subsequent comparative analysis, and 

fractured specimens were retained for post-

test visual evaluation. 

 

     

 RESULTS 

Mechanical testing generated force–

displacement curves for all specimens, 

allowing quantitative and qualitative 

evaluation of their mechanical behavior under 

axial compression. Analysis focused on 

maximum fracture force (Fmax), displacement 

at failure, and structural stiffness, as well as on 

fracture patterns observed after testing. 

CAD/CAM-milled PMMA teeth exhibited 

the highest structural stiffness, indicating a 

greater resistance to elastic deformation prior 

to failure. Conventionally prefabricated 
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Acryrock teeth showed slightly lower stiffness 

values but maintained a stable mechanical 

response. (Table 1; Fig. 7) In contrast, 3D-

printed teeth  and New Ace specimens 

demonstrated reduced stiffness, suggesting a 

more elastic behavior or a less dense internal 

structure. (Table 2; Fig. 8) 

Displacement at the moment of fracture 

varied between groups, reflecting different 

tolerances to deformation before failure. 

Digitally manufactured teeth, including both 

3D-printed (Table 3; Fig. 9) and milled 

specimens (Table 4; Fig. 10), generally 

exhibited lower displacement values, 

consistent with a more abrupt failure mode. 

Conversely, conventionally prefabricated 

teeth (particularly those from the New Ace 

group) displayed greater deformation prior to 

failure, indicating a more ductile mechanical 

response. 

Fracture pattern analysis revealed distinct 

failure modes among the materials tested. 

Acryrock specimens frequently presented  

complete fractures as well as localized 

chipping, predominantly in the vestibular cusp 

regions. (Fig. 10) These fracture patterns are 

consistent with stress concentration at the 

margins of occlusal concavities and the 

layered acrylic structure of prefabricated teeth. 

New Ace specimens predominantly exhibited 

deep cracks without complete separation, 

corresponding to progressive deformation 

rather than catastrophic failure. 

Digitally manufactured teeth showed 

different fracture characteristics. CAD/CAM-

milled specimens displayed fracture lines with 

relatively linear or branched trajectories, while 

3D-printed teeth frequently fractured into 

multiple fragments, with irregular and 

dispersed crack paths throughout the structure. 

These findings suggest differences in stress 

dissipation mechanisms related to material 

microstructure and fabrication method. 

Empirical evidence supporting these 

observations is illustrated through 

representative force–displacement diagrams 

and tabulated numerical data for each group, 

including mean values and standard deviations 

of fracture force, displacement, and stiffness. 

Post-fracture photographic documentation 

further substantiates the observed fracture 

modes. Microscopic examination using an 

endodontic microscope confirmed the 

macroscopic findings, allowing detailed 

visualization of crack initiation sites and 

propagation paths. In several 3D-printed 

specimens, internal manufacturing defects 

such as porosities or incomplete 

polymerization layers were identified and 

appeared to act as fracture initiation points. 

Table 1: Recorded values, calculated 

arithmetic means, and standard 

deviations for Acryrock 

Acryrock 

 

Rigidity 
(kN/mm) 

Fmax 
(kN) D (mm) 

AR1 1.876 1.051 0.642 

AR2 2.317 0.843 0.4409 

AR3 2.011 0.897 0.4953 

AR4 2.13 1.327 0.6437 

AR5 1.915 1.297 0.6456 

AR6 2.021 1.126 0.6434 

AR7 2.687 1.734 0.781 

AR8 1.773 1.365 0.732 

AVERAGE 2.091 1.205 0.627 

STANDARD 
DEVIATION 0.292 0.289 0.112 

 

Table 2: Representative force–

displacement diagram at which fracture 

occurred in conventionally 

prefabricated New Ace teeth 

 

NEWACE 

Sample 
Rigidity 

(kN/mm) 
Fmax 

(kN) D (mm) 

NA1 1.962 0.767 0.411 

NA2 2.166 0.904 0.448 
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NA3 2.325 0.763 0.383 

NA4 2.498 1.042 0.524 

NA5 2.411 0.658 0.447 

NA6 2.325 0.688 0.379 

NA7 2.387 1.657 1.019 

NA8 1.846 1.482 0.925 

AVERAGE 2.24 0.995 0.567 

STANDARD 
DEVIATION 0.229 0.377 0.255 

 

Table 3: Recorded values, calculate 

arithmetic means, and standard 

deviations 

PRINTED TEETH 

Sample 
Rigidity 

(kN/mm) 
Fmax 
(kN) D (mm) 

DG1 0.884 0.641 0.745 

DG2 1.051 0.598 0.662 

DG3 1.358 0.732 0.715 

DG4 1.143 0.906 0.950 

DG5 1.172 0.755 0.709 

DG6 1.069 0.72 0.86 

DG7 1.278 0.626 0.565 

DG8 1.407 0.929 0.761 

DG9 1.182 1.007 0.958 

DG10 1.52 0.827 0.725 

AVERAGE 1.206 0.774 0.765 

STANDARD 
DEVIATION 0.188 0.139 0.124 

 

Table 4: Recorded values, calculated 

arithmetic means, and standard 

deviations of milled teeth 

MILLING TEETH 

Sample 
Rigidity 

(kN/mm) 
Fmax 
(kN) D (mm) 

DA1 2.793 1.609 0.789 

DA2 2.778 1.653 0.788 

DA3 2.646 1.643 0.811 

DA4 2.732 1.699 0.834 

DA5 2.723 1.812 0.835 

DA6 2.755 1.889 0.915 

DA7 2.695 1.705 0.751 

DA8 2.69 1.858 0.913 

DA9 2.77 1.652 0.817 

DA10 2.717 1.831 0.839 

AVERAGE 2.7299 1.735 0.8292 

STANDARD 
DEVIATION 0.045 0.102 0.052 

 

 

Fig. 6: Acryrock specimen. The load application area is visible, along with chipping of 

the mesio-palatal slope and a disto-occlusal crack trajectory. 
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Fig. 7: Representative force–

displacement diagram at which fracture 

occurred in conventionally 

prefabricated Acryrock teeth 

 

 

Fig. 8: Representative force–

displacement diagram at fracture of 

conventionally prefabricated New Ace 

teeth

 

 

   Fig. 9: Representative force–

displacement diagram at fracture of 3D-

printed teeth 

 

 

  Fig. 10: Representative force–      

displacement diagram at fracture of 

milled teeth 

DISCUSSIONS 

CAD/CAM-milled PMMA teeth 

demonstrated the highest fracture resistance 

and structural stiffness, reflecting the dense, 



Romanian Journal of Oral Rehabilitation 

Vol. 17, No.4 October-December 2025 

140 
DOI : 10.62610/RJOR.2025.4.17.12 

homogeneous structure of industrially 

prepolymerized PMMA. This behavior is 

consistent with previous reports indicating 

superior mechanical performance and 

predictable stress response of milled PMMA 

materials compared to conventional acrylics 

and photopolymer-based systems.8 

Conventionally prefabricated acrylic teeth 

exhibited intermediate performance. 

Acryrock teeth showed good mechanical 

resistance with greater variability, while New 

Ace teeth displayed increased deformability 

and lower fracture forces, likely related to 

differences in polymerization methods, cross-

linking degree, and internal structure.  

The lowest mechanical performance was 

observed in 3D-printed teeth. (Fig. 11 a, b, c, 

d) Although additive manufacturing offers 

advantages in anatomical customization,  

 

photopolymer resins exhibited increased 

brittleness and reduced internal strength. The 

layered structure inherent to 3D printing 

appears to promote weak interlayer cohesion, 

increasing susceptibility to abrupt fracture, as 

also reported in recent studies. Digitally 

manufactured teeth, particularly milled and 

printed specimens, predominantly exhibited 

complete fractures, whereas conventionally 

prefabricated acrylic teeth showed more 

ductile failure modes, including marginal 

chipping and incomplete cracks, suggesting a 

slower and more progressive fracture 

mechanism. (Fig. 12 a, b, c, d) 

From a clinical perspective, these results 

suggest that CAD/CAM-milled PMMA teeth 

may be preferable in posterior regions 9,10 or 

in patients with high occlusal loads, while 

conventional acrylic teeth may be suitable for 

situations requiring greater functional 

resilience under moderate loading conditions. 
11-16 
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Limitations 

The relatively small sample size may limit the 

statistical strength and generalizability of the 

findings. Additionally, the experimental 

protocol relied on static axial compression, 

which does not fully replicate the complex, 

cyclic, and multidirectional forces present in 

the oral environment. 

Furthermore, the analysis was limited to 

isolated artificial teeth, without considering 

the influence of the denture base, fixation  

 

 

method, or global force distribution within a 

complete prosthesis. Other clinically relevant 

properties, such as wear resistance, behavior 

in a humid environment, and fatigue under 

repeated loading, were not evaluated. 

Future studies incorporating larger sample 

sizes and more clinically representative 

loading conditions are necessary to further 

validate the long-term mechanical 

performance of digitally and conventionally 

manufactured artificial teeth. 

CONCLUSIONS 

1. CAD/CAM-milled PMMA teeth 

demonstrate superior mechanical 

performance, exhibiting the highest 

fracture resistance and structural stiffness 

among the tested materials. 

2. These properties make CAD/CAM-

milled PMMA teeth the most reliable 

option for clinical situations involving 

high occlusal loads, particularly in 

posterior regions of complete dentures. 

3. Conventionally prefabricated acrylic 

teeth provide a balanced mechanical 

response, combining adequate fracture 
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resistance with increased deformation 

tolerance under moderate functional 

demands. 

 

4. 3D-printed artificial teeth show limited 

mechanical reliability, characterized by 

lower fracture resistance and more brittle 

failure behavior compared to 

conventional and milled alternatives. 

5. Due to their mechanical limitations, 3D-

printed teeth are currently more suitable 

for temporary restorations or low-load 

clinical indications rather than definitive 

prosthetic solutions. 

6. Manufacturing technique and material 

composition are critical determinants of 

fracture behavior, and should be carefully 

considered alongside esthetic and 

technological factors in clinical decision-

making for complete denture 

prosthodontics. 
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