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Abstract 
The accuracy and quality of temporary dentures are important factors in dentistry, especially when bridging the time 
between tooth preparation and the placement of definitive dentures. The aim of this study is to determine the dimensional 
accuracy of temporary dental prostheses, specifically crowns and bridges, manufactured using different technologies. 
Three manufacturing methods were evaluated: stereolithography (SLA), digital light processing (DLP) and CNC milling. 
A total of 30 temporaries (n = 30) were fabricated, with an equal number fabricated using each technology. The 
fabricated samples were scanned with an S900 Arti 3D scanner (Zirkonzahn, Italy) and the scanned data was analyzed 
using GOM Inspect software (Zeiss, Germany) to detect deviations from the original model. The results showed that SLA 
technology showed the smallest deviations (0.025 ± 0.002 mm), indicating the highest accuracy among the tested 
technologies. DLP technology demonstrated medium accuracy (0.052 ± 0.011 mm), exceeding CNC milling, but not 
reaching SLA accuracy. Conversely, CNC milling showed the largest deviations (0.106 ± 0.009 mm) and the lowest 
accuracy in the production of temporary dentures. Based on the accuracy of the produced crowns and bridges, the SLA 
technology is therefore considered the most suitable for the creation of temporary dentures. These findings underscore 
the potential of SLA technology in achieving higher precision in dental applications, while offering a reliable method to 
produce quality temporary dental restorations. 
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Introduction  

In dentistry, replacing damaged teeth is a common 
procedure that uses temporary restorations (crowns or 
bridges) to bridge the gap between extraction and 
installation of a permanent implant. Temporary crowns 
or bridges fulfill several functions: they provide an 
aesthetic solution, restore the function of the teeth and 
protect the repaired tooth from damage [1]. 

Different production technologies allow the creation 
of these replacements with different levels of accuracy 
and durability [2–5]. The traditional method is a direct 
production process (by hand) using conventional 
materials and procedures. These methods are 
traditionally based on castings and manual treatment of 
materials [6]. 

Another technology is CNC (Computer Numerical 
Control) milling. This technology is often used in 
dentistry to produce strong and durable restorations such 

as metal and ceramic implants and fixed bridges. CNC 
machines use milling tools to precisely carve the 
material, making it possible to create high-strength 
replacements. CNC milled products can be durable, 
which is suitable for applications where durability is 
important. Their disadvantage is that they have 
limitations in the creation of small and detailed 
structures, mainly due to the size of the milling tools. 
CNC milling is traditionally considered a very precise 
technology to produce fixed dental prostheses, but it has 
its limitations in the production of temporary prostheses, 
where fine detail is important [5]. 

In recent years, additive manufacturing technologies 
such as stereolithography (SLA) and digital light 
processing (DLP) have become increasingly popular in 
dental practice [7, 8]. 

Stereolithography is one of the additive manufacturing 
technologies, which is characterized by an approach to 
produce prototypes by gradually material addition layer 
by layer. SLA technology uses liquid photopolymers 
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that are hardened using UV (ultraviolet) radiation. The 
laser beam illuminates the photopolymer on the surface 
of the liquid, thereby polymerizing the individual layers 
of the model. After one layer is cured, the working 
platform of the printer is moved by the selected layer 
thickness and the process is repeated until the entire 
prototype is completed. The advantage of SLA is the 
high precision and smoothness of the surface, which is 
crucial for dental applications [1, 8–11]. 

DLP is also an additive manufacturing method like 
SLA. It uses a digital projector instead of a laser to 
illuminate entire layers at once. In this process, the 
printer´s working platform moves upwards after each 
illumination, which means that every point in the layer 
is illuminated at the same time. DLP uses a projector to 
illuminate the photopolymer, allowing individual layers 
to cure faster as the entire layer is polymerized at once. 
DLP is a suitable choice in situations where fast 
production with high accuracy is required, but at the 
expense of fine detail compared to SLA. For temporary 
dentures where aesthetics and accuracy are important, 
DLP can still provide adequate results, especially for 
simpler crowns and bridges [12–14]. 

This study addresses the production of temporary 
dentures made using CNC milling, SLA, and DLP 
additive manufacturing technologies. Temporary 
crowns and bridges were produced as part of the 
research. 

The aim of this work is to present results concerning 
the accuracy of the specified technologies for temporary 
denture manufacturing. The accuracy of production was 
assessed on crowns and a 6-unit bridge. It is assumed 
that greater deviations in accuracy with the selected 
technologies will be evident in the 6-unit bridge, as it is 
a larger model compared to the crown. 

Material  and methodology  

Product ion  of  tempor ar y den tures  

Scans of modeled crowns and bridges in the dental 
software 3Shape Dental System (3Shape, Denmark) 
were utilized for this work. The completed 3D models, 
in the form of crowns and bridges, were generated in 
STL (Standard Triangle Language) format. The total 
number of manufactured crowns and bridges was n = 30 
(Table 1). The generated STL models were then 
imported into the appropriate software. 

Each 3D printer has its own software where the 
samples are positioned on the build plate and the support 
structure is designed. Ceramill Motion (Amann Girbach, 
Austria) prepares models for milling using Ceramill 
software (Fig. 1a), Formlabs 3B (Formlabs, USA) uses 
Preform software (Fig. 1b), and Prefactory Vida 
(EnvisioTEC, Germany) prepares models using 
Prefactory software (Fig. 1c). The software for the 
specified 3D printers is listed in Table 1. 

 
Fig. 1: Preparation of 3D models in CNC milling (a) 
and 3D printing (b, c) software. 

The samples were produced using the Ceramill 
Motion 2 milling machine (Fig. 2a), a Formlabs 3B 3D 
printer employing SLA technology (Fig. 2b), and the 
Perfactory Vida 3D printer utilizing DLP technology 
(Fig. 2c). 

 
Fig. 2: Manufactured samples produced by CNC milling 
(a) and 3D printing (b, c). 

Table 1 provides a more detailed distribution of 
manufactured crowns and bridges, as well as the 
production technologies used. 

The post-processing work process followed after the 
production of crowns and bridges. The temporary dental 
prostheses made using additive technology with resin 
input material were soaked in isopropyl alcohol (≥99%). 
After drying, they were placed under a polymerization 
lamp for curing. Once cured with UV radiation, the 
supporting structures were removed using a cutting disc. 
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Table 1: Distribution of samples for each selected 
technology used to produce provisional dental 
prostheses. 

 Additive technology CNC milling SLA  DLP  

Device Formlabs 
3B 

Perfactory 
Vida 

Ceramill 
Motion 2 

SW PreForm Perfactory Ceramill 

Material 
Temporary 

CB 
(Resin) 

E-Dent 400 
(Resin) 

Ceramil A-
Temp A2 
(PMMA) 

Sample C B C B C B 
5 5 5 5 5 5 

SW—software, C—crown, B—bridge 

Methodology for  comp arison of  
d imen sional  char acter is t ics  in  th e 
product ion of  temporar y den tures  

One method to accelerate computing is the use of 
automated 3D scanning systems, which include both 
hardware and software automation. The S900 Arti 
(Zirkonzahn, Italy), 3D scanner was used to obtain the 
3D models of manufactured models. The scanning 
accuracy of the used scanner is 0.01 mm, as specified by 
the manufacturer. 

The comparison of dimensional characteristics of 
fabricated dental prostheses was conducted between the 
nominal models of crowns C1–C5 (Fig. 3) and bridges 
B1–B5 (Fig. 4), as well as the 3D models of provisional 
dentures. The accuracy of the manufactured dentures 
was evaluated using GOM Inspect software (ZEISS, 
Germany). 

 
Fig. 3: Actual-to-nominal surface comparison of crown 
3D models: Formlabs (a), Perfactory Vida (b), and 
Ceramill Motion 2 (c). 

In this process, one of the crucial parameters for 
selecting the appropriate technique is accuracy. Table 2 
provides a description of the accuracy associated with 
the manufacturing and scanning technologies. 

The obtained values represent the arithmetic mean of 
deviations calculated on the models in GOM Inspect 
software, with the crowns and bridges models in STL 
format serving as the reference models. The resulting 
deviation values for individual groups were averaged 
and presented as mean ± standard deviation (x ± SD). 

In this study, the alpha level was set at 0.05. This 
means that the results are considered statistically 

significant if the p-value (probability that the difference 
occurred by chance) is less than 0.05. This statistical 
significance threshold was used in the proposed research 
for T-tests to compare mean deviations between groups 
(crowns vs. bridges) and between technologies (SLA, 
DLP, CNC milling). 

 
Fig. 4: Actual-to-nominal surface comparison of bridge 
3D models: Formlabs (a), Perfactory Vida (b), and 
Ceramill Motion 2 (c). 

Table 2: Accuracy of manufacturing and scanning 
technology. 

Accuracy of the equipment 
Formlabs 3B (SLA 3D printer) up to 0.05 mm 

Perfactory Vida (DLP 3D printer) 0.04 mm 

Ceramill Motion 2 (CNC milling) 0.005–0.02 mm 

S900 Arti (3D scanner) up to 0.01 mm 

Results  

The results of the dimensional comparison between 
the nominal model and the actual 3D scanned model of 
a temporary dental prosthesis in the form of a crown 
indicate smaller deviations. 

When utilizing additive manufacturing technology, 
specifically SLA technology, the maximum deviations 
observed were at 0.071 mm for model C4, while the 
smallest differences in accuracy were recorded for 
model C3 at 0.022 mm. The average deviation with SLA 
technology was calculated to be 0.025 mm. 

With the second type of production technology (DLP), 
the maximum deviation recorded was 0.065 mm for 
model C3. Conversely, the smallest recorded difference 
in accuracy was observed at 0.040 mm for model C4. 
The calculated average deviation for crowns produced 
using DLP technology was 0.052 mm. 

The largest differences were observed when 
evaluating the accuracy of crowns produced using CNC 
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milling. The greatest difference in accuracy was found 
in model C5, measuring 0.113 mm, while the smallest 
difference was measured at 0.085 mm for model C3. 
The average accuracy of the crowns produced by CNC 
milling was determined to be 0.099 mm. A comparison 
of the deviations in crown production using different 
technologies is presented in Fig. 5. 

Comparing the nominal models with 3D scans of 
bridges produced using SLA technology yielded an 
average deviation of 0.049 mm. The maximum 
deviation recorded with SLA technology was 0.057 mm 
for model B2, while the highest accuracy was observed 
in model B5 at 0.044 mm. 

In the case of DLP technology, the largest deviation 
was recorded at 0.063 mm for model B3, whereas the 
smallest deviation was noted at 0.046 mm for model B2. 
The calculated average deviation for DLP technology 
was 0.054 mm. 

 
Fig. 5: Comparison of different technologies to produce 
temporary crowns. 

The surface accuracy in CNC milling technology 
reveals the highest deviations from the nominal bridge 
model. The maximum recorded deviation was 
0.118 mm for model B3, while the lowest was 0.098 mm 
for model B5. The average deviation for the 
manufactured bridges was 0.106 mm, which is the 
largest among all measured averages. A comparison of 
deviations in the production of crowns using different 
technologies is illustrated in Fig. 6. 

 
Fig. 6: Comparison of various technologies the 
production of temporary bridges. 

A comparison of fabricated crowns and bridges 
indicates that SLA technology exhibits the highest 
deviations between the two. Conversely, the smallest 
deviations were recorded with DLP technology. 

Table 3 presents the average values and standard 
deviations for crowns and bridges across all 
manufacturing technologies. 

Table 3: Comparison of deviations between crowns and 
bridges. 

 Crowns 
(mm) 

Bridges 
(mm) p-value 

SLA 0.025 ± 0.002 0.049 ± 0.005 0.001 

DLP 0.052 ± 0.011 0.054 ± 0.006 0.302 

CNC milling 0.099 ± 0.010 0.106 ± 0.009 0.231 

The comparison of deviations between the 
manufacturing technologies is described in Table 4. The 
differences between additive manufacturing 
technologies (SLA and DLP) and CNC milling were 
statistically significant. 

Table 4: Comparison of statistical significance between 
different type of technology (Base on deviations of 
manufactured crowns and bridges). 

  Crowns Bridges 

SLA vs DLP  p = 0.006 p = 0.147 

SLA vs CNC   p = 0.001 p = 0.001 

DLP vs CNC  p = 0.002 p = 0.001  

A comparison of SLA and DLP technologies showed 
statistically significant differences in the production of 
crowns (p = 0.006). On the contrary, no statistically 
significant difference between these technologies was 
detected in the production of bridges (p = 0.147). 

A comparison of SLA and CNC milling technology 
showed statistically significant differences for both 
types of products, i.e. for crowns (p = 0.001) and bridges 
(p = 0.001). These results indicate that CNC milling 
shows different results compared to SLA. 

When comparing DLP and CNC milling technologies, 
statistically significant differences were found for 
crowns (p = 0.002) and bridges (p = 0.001), which 
indicates a significant difference between these 
technologies in both categories. 

Statistical significance was shown when comparing 
SLA and CNC technology, where there were significant 
differences (p < 0.05), which implies that these 
technologies provide results with different levels of 
accuracy. Similarly, statistically significant differences 
were also identified between DLP and CNC milling in 
the production of crowns and bridges, with SLA and 
DLP showing no significant differences in the 
production of bridges (p = 0.147), which may indicate 
their similar level of accuracy in larger models. 
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Discussion  

This study analyzed the surface accuracy of temporary 
dentures made using three technologies: SLA, DLP and 
CNC milling. Based on the results, it can be interpreted 
that SLA technology has demonstrated the highest 
dimensional accuracy, which makes it ideal for the 
production of temporary crowns and bridges. The high 
accuracy of SLA technology, which reached an average 
deviation of 0.025 mm, is mainly a consequence of the 
fine layering of photopolymers, which enables the 
creation of detailed and finely structured surfaces. 
Similar findings are reported by other studies, which 
identify SLA technology as one of the most reliable 
methods for the production of precise and aesthetic 
dental restorations [1]. The significance of our results 
lies in the fact that SLA technology can support not only 
the functionality, but also the aesthetic comfort of 
patients during the temporary period of treatment. 

DLP technology, although it shows slightly higher 
deviations (0.052 mm on average), offers a certain 
compromise between production speed and accuracy, 
which can make it a suitable alternative for lower 
aesthetic demands or in time-sensitive cases. In the 
literature [14], it is reported that DLP technology, due to 
the use of a digital projector, can produce dentures 
faster, but with limited accuracy, which is in line with 
our findings. 

CNC milling achieved the largest deviations with an 
average value of 0.106 mm, which may be due to 
limitations in the size of the milling tools and their 
ability to reproduce fine details. Although CNC milling 
is widely used in dentistry, its limitations in the 
production of temporary dentures can limit its use, 
especially where precision is critical. This finding is also 
supported by studies suggesting that CNC technology, 
although reliable, may be less accurate for temporary 
restorations [5, 10]. 

The main limitations of this study include the 
relatively small number of samples (n = 30), which may 
limit the general validity of the results. In addition, the 
measurement of deviations was carried out using only 
one type of 3D scanner (S900 Arti), which may affect 
the reliability of the results depending on the accuracy 
of the equipment used. Another limitation is the 
investigation of only one type of temporary material for 
each technology, whereas different materials could 
affect the surface accuracy of the output models. 

For future research, it would be appropriate to include 
a wider spectrum of materials and technologies that are 
used for the production of temporary replacements. It 
would also be beneficial to analyze the long-term 
stability and durability of these temporary prostheses, as 
accuracy is not the only factor affecting their 
functionality. Furthermore, it would be beneficial to 
expand the research with a larger number of samples and 
different scanning methods to verify the reliability of the 
results. 

Conclusion  

This study contributed to the understanding of the 
differences in the accuracy of different technologies to 
produce temporary dentures. SLA technology was 
found to have the highest accuracy in the production of 
crowns and bridges, while CNC milling showed the 
largest deviations. These findings point to the potential 
of SLA technology as the most suitable solution for the 
creation of accurate and aesthetically pleasing 
temporary dental prostheses. The findings may be 
beneficial for clinical practice in choosing the optimal 
manufacturing technology to ensure the quality and 
functionality of temporary dental restorations. 
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