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ABSTRACT
Purpose: The study aims to evaluate the influence of various post-curing times and tempera
tures on the dimensional accuracy of 3D-printed resin space maintainers.
Materials and Methods: Using biocompatible printing resins, the study designed band 
samples of space maintainers, which were 3D printed with the SLA printer. Samples were 
grouped based on thickness (0.5 mm and 1.0 mm) and post-cured under different conditions of 
temperature and time (60°C-30 minutes, 60°C-90 minutes, 60°C-120 minutes, 60°C-60 minutes, 
40°C-60 minutes, 80°C-60 minutes). The accuracy of the band part of the printed maintainers 
was analysed using the total and 4 comparison points’ arithmetic mean of the surface deviation 
on the band’s surface.
Results: The study revealed that the post-curing conditions notably influenced the dimen
sional accuracy of the printed samples. Post-curing temperature and duration variations 
produced significant differences in dimensional stability between the groups. Particularly, 
a post-curing period of 60°C for 60 minutes was identified as optimal for achieving better 
dimensional accuracy, especially for samples with 1.0 mm thickness.
Conclusions: Different post-curing parameters significantly affect the dimensional accuracy of 
3D-printed resin space maintainers. The 1.0 mm band thickness and a 60°C and 60 minutes 
post-curing protocol optimize the accuracy of the maintainers.
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Introduction

The preventive approaches to maintain children’s oral 
health and the attempts to create caries-free genera
tions have been widely popular. However, despite 
worldwide efforts, early loss of deciduous teeth still 
presents a problem. Accordingly, the early loss of 
a primary tooth may lead to various dental, skeletal, 
and functional problems and the extraction space 
should be preserved to prevent crowding and main
tain the space for the permanent successor. In this 
regard, fixed and removable space maintainers have 
been performed in dental practices [1]. Nowadays, 
digital dentistry has taken the place of the time- 
lasting conventional procedures in which dental 
laboratories are also involved. Recently, 3-dimensional 
(3D) printing as a part of the digital dentistry workflow 
has been used widely in various areas of dentistry, 
including prosthodontics, surgical treatments, and 
orthodontics [2–4]. 3D printing could be used in pae
diatric dentistry for various treatment modalities and 
designing -producing a space maintainer is among 
them [5]. Since that date, metal powder has been 
used to manufacture 3D-printed space maintainers, 
and the endurance of metal alloys under occlusal 

forces has been proven by various studies and clinical 
applications [6]. However, considering the needs of 
patients with metal allergies and those with high aes
thetic expectations, the need for an alternative to 
metal-based space maintainers in 3D applications has 
come to the fore [7–9].

Among the other mechanical and physical features, 
dimensional accuracy plays a great part in the clinical 
success of printed materials. In case the accuracy of the 
system was not settled, differences may be detected 
between the design and printed form of the product. 
Post-curing, being a post-printing procedure, also has 
a distinct effect on the conversion of the unreacted resin 
monomers through polymer chains. The duration of UV 
light exposure and the polymerization temperature can 
affect the physical features of the products, and the 
accuracy of the printed sample can also be affected by 
the possible changes in the temperature and duration of 
the UV light exposure [10,11]. Accordingly, the dimen
sions and the final thickness of the printed object may 
also affect the dimensional accuracy.

Dealing with a paediatric patient requires managing 
the treatment steps in one attempt and It is a vulnerable 
attempt to print a resin-based space maintainer in 
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clinical conditions and adapt it into the patients mouth 
in only one session. As mentioned above, there are 
various factors affecting the success of this treatment 
procedure and adaptation of the printed sample into 
the scanned dental arch also takes great importance in 
that concept. A possible inconsistency may extend the 
chair time or lead to the reproducing of the space 
maintainers which also cause an extension in the session 
or perhaps an extra session [12]. Post printing proce
dures take a great part in the accuracy of the printed 
samples. The variations in the duration and the tem
perature as well as the dimensions of the printed sam
ples are considered to affect the adaptation procedures 
of the printed fixed space maintainer. To the best of our 
knowledge, in the literature review, no study was 
detected assessing the effect of the variations in the 
post-curing procedures including duration and tem
perature and the dimensions of the band part of the 
fixed space maintainers. In light of the aforementioned 
data, the current study aimed to fill that gap in the 
literature by (1) comparing the accuracy of the band 
part of fixed space maintainers in case different post- 
curing durations and temperatures were recruited and 
(2) evaluating the effect of the band thickness on the 
accuracy of the printed samples. The null hypothesizes 
that the variation in the post-curing duration, tempera
ture, and band thickness may not have a certain effect 
on the accuracy of the printed products.

Materials and methods

Humans or the data obtained from human participants 
were not recruited in the current study and accord
ingly, no ethical approval was provided.

Sample size determination

The study sample was determined with the aid of 
G*Power software (version 3.1). The values for each 
group were set at 15 to achieve > 95% power with an 
effect size of 0.20 and an alpha significance level of 5% 
(0.05). Thus, a total of 180 samples were planned to be 
used. The flow chart of the study can be seen in Figure 1.

Study groups and 3D printing process

Autodesk Fusion 360 (CA, USA) software was used to 
design the band samples representing the band part of 
space maintainers (Mesiodistal diameter: 10.7 mm, buc
colingual diameter: 11.1 mm, and 4.00 mm height), and 
the data were converted to STL format for printing. The 
SLA printer (Form 3B, Formlabs, Somerville, MA, USA) was 
utilized to produce the samples (n = 90, for each group) 
with biocompatible printing resins (BioMed Clear Resin, 
Formlabs, Somerville, MA, USA). The printer was set in the 
horizontal/XY direction, and the resolution size can range 
from 30–140 microns. Also, the 100 μm layer thickness 
was arranged for printing. Following the printing process, 
the supports were removed by the application of manual 
force. The samples were immersed in the Form Wash tank 
(Formlabs, Somerville, MA, USA) for 20 minutes and the 
samples were divided into groups randomly regarding 
different post-curing temperatures and times. All post- 
curing procedures were performed in the Form Cure tank 
(Formlabs, Somerville, MA, USA). The recommended 
post-curing condition by the manufacturers was 60°C 
for 60 min and the arrangements on the post-curing 
conditions were performed regarding these values 
which means that the post-curing conditions in the 
groups were formed by enhancing and decreasing the 
related values. The groups are shown below:

Group A
The band samples with a 0.5 mm thickness (n = 15, 
total = 90) with post-curing at 60°C for 30 minutes 
(min), 60°C for 90 min, 60°C for 120 min, 60°C for 
60 min, 40°C for 60 min, and 80°C for 60 min.

Group B
The band samples with a 1.0 mm thickness (n = 15, 
total = 90) with post-curing at 60°C for 30 minutes 
(min), 60°C for 90 min, 60°C for 120 min, 60°C for 
60 min, 40°C for 60 min, and 80°C for 60 min.

The samples were printed and post-cured, and 
then, to get rid of polymerization residues, they 
were submerged in isopropyl alcohol in an ultraso
nic cleaner (Sonorex Super, Bandelin Electronic, 
Berlin, Germany) for ten minutes.

Figure 1. The flowchart of the study.
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Comparison points
To evaluate the accuracy of the printed band with 
different thicknesses, researchers recorded the total 
and four comparison points’ arithmetic mean of the 
surface deviation (Total Comparison, Comparison Point 
1, Comparison Point 2, Comparison Point 3, and 
Comparison Point 4, Figure 2) of the band in the 
GOM Inspect Professional software (GOM 2018, 
Braunschweig, Germany). The process involved 
importing the scanned mesh model of the printed 
band and the original CAD design, then aligning 
them through a two-step process: initial pre- 
alignment followed by a comprehensive local best-fit 
alignment to achieve optimal positioning. Surface 
comparison analysis was performed using the 
‘Surface comparison on CAD’ function to determine 
the total difference between surfaces and at four stra
tegically placed points on the designed model. These 
four points correspond to critical areas where ortho
dontic space maintainer bands typically contact tooth 
surfaces, directly affecting clinical fit and retention. 

Colour difference maps defined the comparison points. 
For the comparison, the deviation value, also referred 
to as the tolerance range, between +0.25 mm and 
−0.25 mm, was visualized on the colour scale. To 
ensure reliability, a single inspector repeated all mea
surements three times under standardized conditions 
on identical surfaces.

Statistical analyses
The data were recorded using Microsoft Office Excel, and 
the statistical analyses were performed using the open- 
source statistical analysis program Jamovi (The Jamovi 
Project 2022, ver. 2.3.21.0, www.jamovi.org). The data 
did not exhibit a normal distribution, based on the 
Shapiro-Wilk normality test results. The Kruskal-Wallis 
test was performed to compare the variations between 
the values. Furthermore, a post hoc comparison between 
groups was conducted using the Mann-Whitney U test. 
A threshold of p < 0.05. was established for statistical 
significance.

Figure 2. Representation of the comparison point on band samples of space maintainers.
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Results

In present study, to evaluate the measurements’ relia
bility, the measurements were repeated three times by 
the same operatör (Y.S) and the data obtained were 
analysed by intraclass correlation coefficient (ICC). The 
ICC value obtained was 0.980–0.997, indicating that 
the tests were reliable and the measurements had 
a high level of repeatability.

The descriptive statistics and post hoc comparisons 
of the total comparison points of Group A and Group 
B can be seen in Table 1. Accordingly, in the same 
thicknesses (intragroup comparisons) no statistical dif
ference was detected between different post-curing 
conditions. Statistically significant differences were 
detected between the groups of 60°C − 90 min, 60°C 
− 60 min, and 40°C − 60 min (Intergroup comparisons) 
(p = 0.027, p = 0.031, p = 0.044) However, no statistical 
difference was detected between different post curing 
periods in intragroup comparisons. In the 60°C − 
60 min post-curing period, which is the recommended 

condition by manufacturers, dimensional accuracy was 
detected to be better in Group B.

In Table 2, the values of point 1 can be seen. 
Accordingly, statistically significant differences were 
detected between the values of post-curing periods 
60°C −90 min, 60°C −120 min, and 40°C − 60 min for 
Group A and Group B (p = 0.014, p = 0.001, p = 0.004; 
respectively). In groups of 60°C −60 min, although no 
statistical difference was detected between the values 
of Group A and Group B (p = 0.438), the dimensional 
accuracy was worse in Group B. In the intra-group com
parisons, no difference was detected in all post-curing 
periods (p > 0.05).

In Table 3, statistical difference was detected at 60°C 
−60 min (p = 0.016). The dimensional accuracy of Group 
B was better than Group A. In Group B, intra-group 
comparisons statistical difference was detected between 
different post-curing periods (p = 0.011). The most 
dimensional deviation was detected in the post-curing 
period of 60°C − 90 min in Group B. The less dimensional 
deviation was detected at 80°C −60 min.

Table 1. Descriptive statistics and post-hoc comparisons of the total comparison values of groups A and B.

Post-curing Periods

Group A Group B

PMedian 25%-75% Median 25%-75%

60°C- 30 min 0.07 0.07–0.08 0.08 0.065–0.085 0.781
60°C- 90 min 0.08 0.075–0.095 0.07 0.06–0.08 0.027*
60°C- 120 min 0.09 0.075–0.1 0.08 0.065–0.085 0.114
60°C- 60 min 0.09 0.075–0.1 0.07 0.07–0.08 0.031*
40°C- 60 min 0.09 0.08–0.1 0.08 0.075–0.09 0.044*
80°C- 60 min 0.09 0.08–0.09 0.09 0.08–0.09 0.116
P 0.137 0.053

Group A: 0.5 mm thickness, Group B: 1.00 mm thickness, min: Minute, SD: Standard deviation, Min: Minimum, Max: Maximum, 
25%: 25 percentile, 75%: 75 percentile. *There is a statistically significant difference at p < .05. Different letters show statistical 
differences.

Table 2. Descriptive statistics and post-hoc comparisons of the point 1 values of groups A and B.

Post-curing Periods

Group A Group B

PMedian 25%-75% Median 25%-75%

60°C- 30 min 0.04 0.025–0.045 0.05 0.015–0.065 0.573
60°C- 90 min 0.02 0.01–0.035 0.06 0.025–0.075 0.014*
60°C- 120 min 0.02 0.01–0.035 0.05 0.03–0.095 0.001*
60°C- 60 min 0.03 0.01–0.045 0.03 0.015–0.05 0.438
40°C- 60 min 0.03 0.015–0.04 0.06 0.04–0.08 0.004*
80°C- 60 min 0.03 0.02–0.045 0.02 0.01–0.06 0.834
P 0.488 0.087

Group A: 0.5 mm thickness, Group B: 1.00 mm thickness, min: Minute, SD: Standard deviation, Min: Minimum, Max: Maximum, 
25%: 25 percentile, 75%: 75 percentile. *There is a statistically significant difference at p < .05. Different letters show statistical 
differences.

Table 3. Descriptive statistics and post-hoc comparisons of the point 2 values of groups A and B.

Post-curing Periods

Group A Group B

PMedian 25%-75% Median 25%-75%

60°C- 30 min 0.04 0.02–0.05 0.02ab 0.01–0.045 0.357
60°C- 90 min 0.03 0.01–0.05 0.06a 0.03–0.075 0.057
60°C- 120 min 0.02 0.015–0.04 0.03ab 0.01–0.04 0.801
60°C- 60 min 0.04 0.03–0.05 0.02ab 0.01–0.03 0.016*
40°C- 60 min 0.02 0.015–0.035 0.03ab 0.015–0.035 0.816
80°C- 60 min 0.02 0.01–0.04 0.01b 0.01–0.02 0.140
P 0.159 0.011*

Group A: 0.5 mm thickness, Group B: 1.00 mm thickness, min: Minute, SD: Standard deviation, Min: Minimum, Max: Maximum, 
25%: 25 percentile, 75%: 75 percentile. *There is a statistically significant difference at p < .05. Different letters show statistical 
differences.
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In Table 4, the values of point 3 can be seen. In the 
post-curing periods of 60°C −90 min and 60°C 
−120 min statistical difference was detected (p <  
0.001, p = 0.005). For 60°C −60 min, although there 
was no statistical difference, the values of Group were 
worse than Group A (p > 0.05). Statistical differences 
were detected in intra-group comparisons both in 
Group A and Group B (p = 0.005). Regarding the results 
pointed out in Table 5, no statistical difference was 
detected in intra and inter-group comparisons 
(p > 0.05).

Discussion

Dimensional accuracy is one of the most important 
features of a printed product, where the extensions 
in the sessions to adjust the printed sample to the 
supported teeth or an additional session for repro
ducing the space maintainer may be a major pro
blem. Although there has been a recommended 
post-curing condition for the studied SLA resin, 
these values can reveal variations considering the 
shape of the printed object, and the post-curing 
conditions for a printed sample in a ring form 
with space inside were not studied previously. The 
results of the current study revealed that the ana
lysed parameters, post-curing times, and tempera
tures affected the accuracy of the printed samples. 
Producing a resin space maintainer with a 3D prin
ter was previously discussed, and the printed sam
ples were analysed regarding the fracture strength, 
colour stability, and microhardness values [8,9].

The results of the current study revealed that in the 
same thicknesses (intragroup comparisons) no statisti
cal difference was detected between different post- 
curing conditions regarding the total superimposition 
values. This indicates the importance of the thickness 
of the design studied, rather than the post curing 
duration and temperature, which means choosing an 
accurate thickness for the personalized design is essen
tial in clinical protocols. Group A revealed better results 
regarding dimensional accuracy for Point 1 and Point 
3, however, in the assessment of Point 2, Group B was 
superior to Group A. These results indicated that 
although the total superimposition values were con
stant in the same thicknesses, the assessments of dif
ferent points revealed various results. Additionally, 
being geometrically symmetrical, Point 2 and Point 4 
revealed different results which can be attributed to 
the printing orientation. In the literature review, a 0.20 
to 0.50 mm has been considered acceptable for clinical 
applications [13,14]. The highest total dimensional 
change (0.0893 ± 0.0105) was detected in the group 
of 0.5 mm thickness and the post-curing conditions 
with 80°C- 60 min. This value was less than the clini
cally acceptable values, which indicates that all the 
tested times and temperatures were clinically suitable 
for the post-curing procedures of 3D-printed samples. 
The results also revealed that no contraction was 
detected in the printed band samples and the total 
superimposition values revealed no statistical differ
ences. This outcome means that the design of the 
band part of the space maintainer can be done suitable 
with the scanned surfaces of the tooth and there is no 
need to design the product in an extended form 

Table 4. Descriptive statistics and post-hoc comparisons of the point 3 values of groups A and B.

Post-curing Periods

Group A Group B

PMedian 25%-75% Median 25%-75%

60°C- 30 min 0.05a 0.025–0.06 0.04cd 0.02–0.065 0.645
60°C- 90 min 0.02ab 0.005–0.03 0.06c 0.04–0.085 <0.001*
60°C- 120 min 0.02b 0.01–0.03 0.06c 0.035–0.09 0.005*
60°C- 60 min 0.03ab 0.03–0.05 0.03cd 0.015–0.065 0.660
40°C- 60 min 0.02ab 0.02–0.035 0.04cd 0.015–0.055 0.396
80°C- 60 min 0.03ab 0.005–0.045 0.02d 0.01–0.02 0.310
P 0.005* 0.005*

Group A: 0.5 mm thickness, Group B: 1.00 mm thickness, min: Minute, SD: Standard deviation, Min: Minimum, Max: Maximum, 25%: 
25 percentile, 75%: 75 percentile. *There is a statistically significant difference at p < .05. Different letters show statistical 
differences.

Table 5. Descriptive statistics and post-hoc comparisons of the point 4 values of groups A and B.

Post-curing Periods

Group A Group B

PMedian 25%-75% Median 25%-75%

60°C- 30 min 0.03 0.01–0.035 0.03 0.01–0.04 0.769
60°C- 90 min 0.02 0.01–0.04 0.03 0.01–0.04 0.526
60°C- 120 min 0.03 0.02–0.045 0.03 0.015–0.04 0.801
60°C- 60 min 0.03 0.015–0.04 0.02 0.02–0.06 0.555
40°C- 60 min 0.01 0.01–0.04 0.03 0.015–0.04 0.217
80°C- 60 min 0.02 0.015–0.05 0.02 0.01–0.02 0.100
P 0.487 0.596

Group A: 0.5 mm thickness, Group B: 1.00 mm thickness, min: Minute, SD: Standard deviation, Min: Minimum, Max: Maximum, 
25%: 25 percentile, 75%: 75 percentile. *There is a statistically significant difference at p < .05. Different letters show 
statistical differences.
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considering a possible contraction situation which was 
not detected in the current study. In accordance with 
the outcomes of the current study, leaving a place 
considering the cement interface can be an appropri
ate approach in the design of the band part of a fixed 
space maintainer.

Previously, Shahidi et al. [15] conducted 
a systematic review to assess the accuracy of 3D- 
printed full-arch dental models and they revealed 
that manufacturing parameters such as layer thickness, 
base design, post-processing, and storage significantly 
influenced the model’s accuracy [15]. Abualsaud et al. 
[16] have assessed the precision and trueness of 3D- 
printed zirconia crowns. Accordingly, the trueness of 
the occlusal and axial surfaces revealed better results. 
These studies emphasized the importance of the varia
tions in the post-curing conditions on the dimensional 
accuracy of the 3D printed samples and the fact that 
different surfaces of a printed sample may reveal dif
ferent dimensional changes parallel with the outcomes 
of the current study wherein different assessment 
points revealed various dimensional changes [16].

In a similar study, Mc Carty et al. [17] evaluated the 
effect of print orientation and UV light curing duration 
on the dimensional accuracy of a clear aligner. The 
products post-cured for 20 minutes −80°C and 40  
minutes- 80°C. Following post-curing, the samples 
were digitally scanned and superimposed with the 
input for 3D deviation analysis. Accordingly, 
a significantly lower standard deviation was observed 
in the post-curing group of 40 minutes [17]. In the 
current study, in the assessments of Point 2, less devia
tion was detected in the post-curing conditions of 80°C 
−60 min and the accuracy were decreased when the 
post-curing time increased to 90 min while the tem
perature was decreased. When the results of the cur
rent study and the previously mentioned study of Mc 
Carty’s were considered together, it can be concluded 
that at a constant degree of 80°C, the increases in the 
post-curing time to certain points (40–60 min) may 
have a positive effect on the dimensional accuracy of 
the printed samples. However, the duration above 
these points (90 min) may affect adversely the accuracy 
of the printed samples.

Silva et al. [18] assessed the effect of post-curing time 
and type on the flexural and dimensional stability of 3D- 
printed interim SLA resins. 15, 20, 30 min UV post-curing 
was conducted in a group while the other group under
went a process of 5, 8, 10 min of microwave post-curing 
with or without water. Before and after post-curing 
values (length, width, and thickness) were measured to 
assess the dimensional stability, and microwaves with 
water and UV revealed similar results. UV-15 min group 
showed the greatest variations in its dimensions, and 
30 min revealed the most acceptable results (among the 
other UV groups).18 In the current study, post-curing for 
30 min revealed similar results with post-curing for 

60 min, which was the recommended time by the man
ufacturers, and these outcomes are in line with the 
previous study’s results. Dohyun Kim et al. [19] have 
conducted a similar study, and they revealed that at 
least 60 minutes post-curing is essential for providing 
the mechanical and physical features of 3D printed 
samples, which conflicts with the outcomes of the cur
rent study.

Hyun Kim et al. [10] studied the alterations of the post- 
curing conditions on the dimensional accuracy of 3D- 
printed dental restorative materials. DLP samples under
went a post-polymerization process with five different 
post-polymerization devices. Form cure device revealed 
the highest shrinkage rate (60 min 80 °C max). The group 
presented at a constant temperature of 60 °C revealed 
the highest dimensional change (Form Cure). These 
results are not consistent with the outcomes of the 
current study. However, these variations might be attrib
uted to the fact that different post-curing devices were 
utilized in the previous study and the current study we 
held, and also, the post-curing time and temperature 
patterns were different in the current and previous 
studies.

In the literature review, although various studies 
were detected assessing the effect of the variations on 
the layer thickness, to the best of our knowledge, no 
study was detected analysing the effect of the final 
thickness of the printed object on the dimensional 
accuracy of the printed samples [20]. The current study 
pointed out that the band samples with a 1 mm thick
ness revealed better dimensional accuracy compared to 
the samples with a thickness of 0.5 mm. The values of 
1 mm and 0.5 mm were detected regarding the band 
thickness of conventional metal fixed space maintainers, 
and 1 mm was detected considering the possible diffi
culties in adjusting the printed band in the interdental 
space between support teeth and the teeth in the 
mesial or distal contact. 0.5 mm was decided as the 
lower thickness to ensure the adequate mechanical 
strength of the printed resin sample. However, these 
results were obtained by recruiting one commercial 
resin (BioMed Clear Resin) and changing the features 
of 3D- printable resin might have a certain effect on the 
clinical outcomes of the study. Accordingly, in that 
regard, a further study assessing the effect of the varia
tions of the printable resins on the analysed features of 
the 3D printed space maintainers seems to have great 
importance. Moreover, an increase in the clinical studies 
that assess the accuracy of resin-printed space maintai
ners is also essential before recommending the use of 
3D printers in producing resin space maintainers in 
paediatric dentistry practices. It should also be taken 
into consideration that the design of a 3D printed resin 
space maintainer has a strong effect on both the dur
ability and biofilm-food retention features of the pre
ferred space maintainers. Which points out another 
aspect of 3D printed resin space maintainers that 
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needed to be discussed prior to fabrication of this kind 
of maintainers for paediatric patients.

Within the limitations of the current in-vitro study, it 
can be concluded that:

(1) Although, in the same thicknesses (intra-group 
comparisons) different superimposition points 
revealed statistical differences utilizing dimen
sional accuracy, the changes in the post-curing 
conditions did not reveal a statistical difference 
considering the total superimposition values.

(2) Intergroup comparisons showed that the varia
tions in the thickness revealed statistically signifi
cant differences at some post-curing conditions. 
Employing total superimposition values, at 60°C 
and 60 min, the group with 1 mm thickness 
revealed better accuracy compared to the group 
with 0.5 mm in thickness.

(3) In the conditions and the limitations of the current 
study, the total superimposition values revealed 
no statistically significant contraction which 
pointed out that the design of the band part of 
the space maintainer can be performed in parallel 
with the scanned tooth surface data and there is 
no need to make an extension in the design con
sidering a possible dimensional contraction.

Acknowledgements

MA (Conception, design, data acquisition, drafted and critically 
revised the manuscript), KGT (Conception, design, statistical 
analyses, writing) YS (data acquisition and interpretation), GSD 
(Critical reviewing).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The study was self-funded by the writers.

ORCID

Merve Aksoy http://orcid.org/0000-0003-1577-0289
Kübra Gülnur Topsakal http://orcid.org/0000-0002-2717- 
3492
Gökhan Serhat Duran http://orcid.org/0000-0001-6152- 
6178

Author contributions

CRediT: Merve Aksoy: Conceptualization, Formal analysis, 
Investigation, Methodology, Writing – original draft, Writing 
– review & editing; Kübra Gülnur Topsakal: 
Conceptualization, Data curation, Formal analysis, Writing – 
original draft, Writing – review & editing; Yağızalp Süküt: 

Data curation, Formal analysis, Software; Gökhan Serhat 
Duran: Project administration, Supervision, Writing – review 
& editing.

Data availability statement

The authors did not provide data availability details for this 
article(s).

Ethical approval

No need for ethical approval.

Informed consent

Not applicable.

References

[1] Zhao J, Jin H, Li X, et al. Dental arch spatial changes 
after premature loss of first primary molars: 
a systematic review and meta-analysis of split-mouth 
studies. BMC Oral Health. 2023;23(1):430. doi: 10.1186/ 
s12903-023-03111-x  

[2] Alharbi N, Osman RB, Wismeijer D. Factors influencing 
the dimensional accuracy of 3D-Printed full-coverage 
dental restorations using stereolithography 
technology. Int J Prosthodont. 2016;29(5):503–510. 
doi: 10.11607/ijp.4835  

[3] Tartaglia GM, Mapelli A, Maspero C, et al. Direct 3D 
printing of clear orthodontic aligners: current state 
and future possibilities. Materials. 2021;14(7):1799. 
doi: 10.3390/ma14071799  

[4] Palantza E, Sykaras N, Zoidis P, et al. In vitro compar
ison of accuracy between conventional and digital 
impression using elastomeric materials and two 
intra‐oral scanning devices. J Esthetic Restor Dentis. 
2024;36(8):1179–1198. doi: 10.1111/jerd.13227  

[5] Tsolakis IA, Gizani S, Tsolakis AI, et al. Three- 
dimensional-printed customized orthodontic and 
pedodontic appliances: a critical review of a new era 
for treatment. Children. 2022;9(8):1107. doi: 10.3390/ 
children9081107  

[6] Khanna S, Rao D, Panwar S, et al. 3D printed band and 
loop space maintainer: a digital game changer in pre
ventive orthodontics. Int J Clin Pediatr Dent. 2021;45 
(3):147–151. doi: 10.17796/1053-4625-45.3.1  

[7] Reymus M, Fabritius R, A K, et al. Fracture load of 3D- 
printed fixed dental prostheses compared with milled 
and conventionally fabricated ones: the impact of 
resin material, build direction, post-curing, and artifi
cial aging—an in vitro study. Clin Oral Investig. 
2020;24(2):701–710. doi: 10.1007/s00784-019-02952-7  

[8] Aksoy M, Topsakal KG, Bal C, et al. Comparing the physical 
and mechanical properties of different biocompatible 
three‐dimensional resin materials in possible use of den
tal appliances: an in vitro study. Orthod Craniofac Res. 
2023;26(4):679–686. doi: 10.1111/ocr.12670  

[9] Topsakal KG, Aksoy M, Duran GS. The effect of aging on 
the mechanical properties of 3-dimensional printed bio
compatible resin materials used in dental applications: an 
in vitro study. Am J Orthod Dentofacial Orthop. 2023;164 
(3):441–449. doi: 10.1016/j.ajodo.2023.05.023  

180 M. AKSOY ET AL.

https://doi.org/10.1186/s12903-023-03111-x
https://doi.org/10.1186/s12903-023-03111-x
https://doi.org/10.11607/ijp.4835
https://doi.org/10.3390/ma14071799
https://doi.org/10.1111/jerd.13227
https://doi.org/10.3390/children9081107
https://doi.org/10.3390/children9081107
https://doi.org/10.17796/1053-4625-45.3.1
https://doi.org/10.1007/s00784-019-02952-7
https://doi.org/10.1111/ocr.12670
https://doi.org/10.1016/j.ajodo.2023.05.023


[10] Kim JH, Kwon JS, Park JM, et al. Effects of postpolymeriza
tion conditions on the physical properties, cytotoxicity, 
and dimensional accuracy of a 3d-printed dental restora
tive material. J Prosthet Dent. 2022 132(1) 241–250.

[11] Lin CH, Lin YM, Lai YL, et al. Mechanical properties, 
accuracy, and cytotoxicity of UV-polymerized 3D print
ing resins composed of bis-EMA, UDMA, and TEGDMA. 
J Prosthet Dent. 2020;123(2):349–354. doi: 10.1016/j. 
prosdent.2019.05.002  

[12] Tokuc M, Yilmaz H. Comparison of fit accuracy 
between conventional and CAD/CAM‐fabricated 
band–loop space maintainers. Int J Paediatr Dent. 
2022;32(5):764–771. doi: 10.1111/ipd.12955  

[13] Topsakal KG, Ş G, Yurdakurban E, et al. The effect of layer 
thıckness on the accuracy of the dıfferent ın-house clear 
alıgner attachments. Clin Oral Investig. 2023;27 
(9):5331–5341. doi: 10.1007/s00784-023-05153-5  

[14] Hassan WNW, Yusof Y, Mardi NA. Comparison of recon
structed rapid prototyping models produced by 
3-dimensional printing and conventional stone models 
with different degrees of crowding. Am J Orthod 
Dentofac Orthop. 2017;151(1):209–218. doi: 10.1016/j. 
ajodo.2016.08.019  

[15] Etemad-Shahidi Y, Qallandar OB, Evenden J, et al. 
Accuracy of 3-dimensionally printed full-arch 

dental models: a systematic review. J Clin Med. 
2020;9(10):3357. doi: 10.3390/jcm9103357  

[16] Abualsaud R, Abussaud M, Assudmi Y, et al. 
Physiomechanical and surface characteristics of 
3D-Printed zirconia: an in vitro study. Materials 
2022;15(19):6988. doi: 10.3390/ma15196988  

[17] McCarty MC, Chen SJ, English JD, et al. Effect of print 
orientation and duration of ultraviolet curing on the 
dimensional accuracy of a 3-dimensionally printed 
orthodontic clear aligner design. Am J Orthod 
Dentofacial Orthop. 2020;158(6):889–897. doi: 10. 
1016/j.ajodo.2020.03.023  

[18] Silva NR, Fgdg M, Abdc C, et al. Influence of the post
polymerization type and time on the flexural strength 
and dimensional stability of 3D printed interim resins. 
J Prosthet Dent. 2023;130(5):796–e1. doi: 10.1016/j. 
prosdent.2023.07.030  

[19] Kim D, Shim JS, Lee D, et al. Effects of post-curing time on 
the mechanical and color properties of three-dimensional 
printed crown and bridge materials. Polymers. 2020;12 
(11):2762. doi: 10.3390/polym12112762  

[20] Zhang Z, Li P, Chu F, et al. Einfluss der dreidimen
sionalen drucktechnik und schichtstärke auf die 
Modellgenauigkeit. J Orofac Orthop. 2019;80 
(4):194–204. doi: 10.1007/s00056-019-00180-y

CLINICAL AND INVESTIGATIVE ORTHODONTICS 181

https://doi.org/10.1016/j.prosdent.2019.05.002
https://doi.org/10.1016/j.prosdent.2019.05.002
https://doi.org/10.1111/ipd.12955
https://doi.org/10.1007/s00784-023-05153-5
https://doi.org/10.1016/j.ajodo.2016.08.019
https://doi.org/10.1016/j.ajodo.2016.08.019
https://doi.org/10.3390/jcm9103357
https://doi.org/10.3390/ma15196988
https://doi.org/10.1016/j.ajodo.2020.03.023
https://doi.org/10.1016/j.ajodo.2020.03.023
https://doi.org/10.1016/j.prosdent.2023.07.030
https://doi.org/10.1016/j.prosdent.2023.07.030
https://doi.org/10.3390/polym12112762
https://doi.org/10.1007/s00056-019-00180-y

	Abstract
	Introduction
	Materials and methods
	Sample size determination
	Study groups and 3D printing process
	Group A
	Group B
	Comparison points
	Statistical analyses


	Results
	Discussion
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	Author contributions
	Data availability statement
	Ethical approval
	Informed consent
	References

