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Purpose: To evaluate the effect of model resin type and time interval on the dimensional stability of 
additively manufactured diagnostic casts. Materials and Methods: Ten irreversible hydrocolloid impressions 
and 10 impressions from an intraoral scanner were made from a reference maxillary stone cast, which was 
also digitized with a laboratory scanner. Conventional impressions were poured in type III stone (SC), while 
digital impressions were used to additively manufacture casts with a nanographene-reinforced model resin 
(GP) or a model resin (DM). All casts were digitized with the same laboratory scanner 1 day (T0), 1 week (T1),  
2 weeks (T2), 3 weeks (T3), and 4 weeks (T4) after fabrication. Cast scans were superimposed over the 
reference cast scan to evaluate dimensional stability. Data were analyzed with Bonferroni-corrected repeated 
measures ANOVA (α = .05). Results: The interaction between the main factors (material type and time 
interval) affected anterior teeth deviations, while the individual main factors affected anterior teeth and 
entire-cast deviations (P ≤ .008). Within anterior teeth, DM had the lowest deviations at T3, and GP mostly 
had lower values at T2 and lower deviations at T3 than at T0 (P ≤ .041). SC had the highest pooled anterior 
teeth deviations, and GP had the highest pooled entire cast deviations (P < .001). T3 had lower pooled 
anterior teeth deviations than at T0, T1, and T4, and higher pooled entire cast deviations than T1 were 
demonstrated (P ≤ .027). Conclusions: The trueness of nanographene-reinforced casts was either similar to 
or higher than that of other casts. Dimensional changes were acceptable during the course of 1 month. Int J 
Prosthodont 2024;37(suppl):s119–s126. doi: 10.11607/ijp.8877
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A complete digital workflow has become a viable option due to the advancements 
in CAD/CAM technologies,1 as digitization of a patient’s intraoral situation 
via an intraoral scanner (IOS) has eliminated many disadvantages of conven-

tional impressions2,3 and physical models.4,5 However, it is still possible to fabricate 
a physical cast from the scan data using either subtractive or additive manufactur-
ing technologies.6,7 Additive manufacturing is becoming an indispensable part of 
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dentistry, as this layer-by-layer construction enables the 
fabrication of dental casts for diagnostic and treatment 
purposes.2,8,9 Among different additive manufacturing 
technologies,9–12 digital light processing (DLP) has been 
commonly used in dentistry as it reduces fabrication time 
and detailed objects can be manufactured with smooth 
surfaces.13,14 

Fabrication trueness of additively manufactured (AM) 
dental workpieces was reported to be affected by sev-
eral factors, one of which is the resin used.15 Recently, 
a nanographene-reinforced dental model resin (G-Print, 
Graphenano Dental) has been introduced to create 
smooth and pore-free printed casts with high dimen-
sional stability.16 Graphene is an allotrope of carbon 
that has a unique honeycomb-shaped two-dimensional 
structure,17 which allows its use as a reinforcing agent in 
polymers.18 Reinforced model resin use may be advanta-
geous for improved dimensional stability considering the 
potential wear of surfaces, particularly during articulation 
and over time. However, to the present authors’ knowl-
edge, no study has evaluated this model resin. Previous 
promising findings on the mechanical and optical prop-
erties of subtractively manufactured nanographene-
reinforced polymers17–24 encourage the investigation of 
the different properties of AM versions of these resins 
when used for model fabrication.  

Regardless of the manufacturing method, a dental 
cast should replicate the intraoral situation as accurately 
as possible and have adequate dimensional stability over 
time. Even though there are studies on the fabrication 
trueness of AM dental casts,5,7,8,11,12,14,25–27 the number 
of studies on the dimensional stability of these casts is 
limited.1,6 In addition, those studies on the dimensional 
stability of AM casts did not involve comparisons with 
stone casts.1,6 Therefore, the purpose of the present 
study was to evaluate the dimensional stability of AM 
diagnostic casts fabricated using two different model 
resins and compare it to those of a stone cast every 
week over 4 weeks. The null hypothesis was that the 
material type and time interval would not affect the 
dimensional stability of dentate maxillary casts within 
different regions of the casts. 

MATERIALS AND METHODS 

A priori power analysis (power = 90%, f = 1.99, α = 
.05) based on the results of a previous study1 on the 
stability of AM dentate casts deemed nine specimens 
per group sufficient. To increase the statistical power, 
10 specimens were planned to be fabricated. A dentate 
maxillary master stone cast was digitized using a labo-
ratory scanner (E4 Dental Scanner, 3Shape) with 4-µm 
accuracy, and its standard tessellation language (STL) file 
was saved as the master cast STL (MC-STL) file to be used 
in deviation analyses. Then, a single operator (A.B.W.) 

made 10 conventional impressions of the master cast 
by using irreversible hydrocolloid (Alginoplast, Heraeus 
Kulzer) that was prepared with a ratio of 40 g of powder 
to 88 mL water at room temperature, and stock impres-
sion trays (Disposable Impression Trays, 3M ESPE) were 
used to fabricate stone casts (SCs). The master cast was 
soaked in water in between each impression. Each im-
pression was then poured in type III stone (Zeta Selenor 
Extra Export, Industria Zingardi) that was prepared with  
25 mL of osmosis water per 100 g of hard dental stone. 
The stone was first mixed by hand for 30 seconds and 
then under vacuum for 60 seconds. A regular plastic 
cast base was also used while preparing the casts. All 
impression and pouring procedures were performed at 
room temperature on the same day. 

The same operator digitized the master cast 10 times 
using an IOS (CEREC Primescan version 5.2, Dentsply 
Sirona) the next day. The manufacturer’s recommended 
pattern of scanning was followed, beginning with pala-
tal, occlusal, and buccal surfaces and finishing the scan 
with S-shaped movements in the palate.28 The IOS was 
calibrated before each scan, and all scans were per-
formed in a humidity- and temperature-controlled room 
with daylight. STL files of IOS master cast scans were 
imported into a nesting software (Composer version 1.3, 
Asiga), and each STL file was positioned with its base 
parallel to the build platform. Support structures were 
generated automatically, and solid casts were fabricated 
using either a dental model resin (DM; DentaModel, 
Asiga) or a nanographene-reinforced dental model res-
in (GP; G-Print, Graphenano Dental). A DLP-based 3D 
printer (MAX UV, Asiga) was used to fabricate all casts 
with a layer thickness of 100 µm.4,8 After fabrication, 
DM casts were ultrasonically cleaned in 98% isopro-
pyl alcohol for 10 minutes (5 minutes of prewash and 
5 minutes of postwash).4 GP casts were ultrasonically 
cleaned in 96% ethanol for 5 minutes.29 Thereafter, 
all casts were left to dry. The GP manufacturer did not 
suggest a specific polymerization unit to be used with 
their product; thus, all GP and DM casts were postpo-
lymerized using a xenon polymerization device (OtoFlash 
G171, NK Optik) under an atmosphere of nitrogen oxide 
gas for standardization (Fig 1).

Each cast was digitized using the same laboratory 
scanner to generate test-cast STL (TC-STL) files after stor-
age of one day (T0), 1 week (T1), 2 weeks (T2), 3 weeks 
(T3), and 4 weeks (T4) in identical light-proof boxes in 
a room that was temperature-controlled (23°C) by the 
building’s maintenance systems.1 All STL files were then 
imported into a metrology-grade 3D analysis software 
(Geomagic Control X, version 2018.1.1, 3D Systems) 
indicated by the International Organization for Stan-
dardization.30 The software’s “region tool” was used to 
digitally segment the MC-STL into five different regions: 
anterior (from canine to canine), posterior (right and left 
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posterior teeth), entire arch (all teeth), and the entire 
cast. The software’s initial alignment and local best-fit 
algorithm tools were used to superimpose entire TC-
STL data over the MC-STL, which eliminated alignment 
errors that might arise from different base thicknesses. 
Color maps of each region were generated for qualita-
tive evaluation, and the deviations at each region were 
automatically calculated using the root mean square 
(RMS) method (Figs 2 to 4).

Data normality was verified using Shapiro-Wilk tests. 
Bonferroni corrected repeated-measures ANOVA tests 
were used to analyze RMS values at each region, with 
material type and time interval as main factors. The in-
teraction between the main factors was also included. 
A statistical analysis software (Jamovi version 2.3.2) was 
used to perform all analyses (α = .05).

RESULTS

Tables 1 to 4 summarize the descriptive statistics of RMS 
values within each region. The interaction between the 

main factors affected the deviations only when anterior 
deviations were considered (P < .001). Material type and 
time interval had significant effects as main factors when 
anterior and entire-cast deviations were considered (P < 
.001 for material type; P ≤ .008 for time interval). Poste-
rior teeth and entire-arch deviations were not affected 
by the tested parameters (P ≥ .105).

When clinically relevant pairs (same material or same 
time interval) were further evaluated for anterior de-
viations, SC had similar values among different time 
intervals (P ≥ .601) and DM had the lowest deviations 
at T3 (P ≤ .034). GP had lower deviations at T2 than at 
other time intervals (P ≤ .041), except for T3 (P = .283). In 
addition, GP had lower deviations at T3 than at T0 (P = 
.011). Regardless of the time interval, SC had the highest 
deviations (P < .001), while the difference between GP 
and DM was not significant (P ≥ .090). T0, T1, and T4 
had higher deviations than T3 (P ≤ .027), whereas every 
other pairwise comparison resulted in nonsignificant 
differences (P ≥ .151).

Fig 1  Overview of test groups: (a to c) SC, (d to f) DM, and (g to i) GP.  

a

b

d

e

g

h

c f i

© 2024 BY QUINTESSENCE PUBLISHING CO, INC.  
NO PART MAY BE REUSED OR REPRODUCED WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



s122 The International Journal of Prosthodontics

Fig 2  Representative color 
maps of SCs within each 
time interval. Red = over-
contoured; blue = undercon-
toured (± 100-μm nominal 
values); green = acceptable 
(±10 µm nominal values).

Fig 3  Representative color 
maps of DM casts within each 
time interval. Red = overcon-
toured; blue = undercon-
toured (± 100-μm nominal 
values); green = acceptable 
(±10 µm nominal values). 

Fig 4  Representative color 
maps of GP casts within each 
time interval. Red = over-
contoured; blue = undercon-
toured (± 100-μm nominal 
values); green = acceptable 
(±10 µm nominal values). 
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When entire-cast deviations were considered, GP had 
the highest values (P < .001), and the difference between 
SC and DM was nonsignificant (P > .050). A significant 
difference among different time intervals was observed 
between T1 and T3, as higher deviations were observed 
at T3 (P = .009). Every other pairwise comparison among 
time intervals was nonsignificant (P ≥ .123).

DISCUSSION

The interaction between the main factors affected the 
dimensional stability of anterior teeth, while the indi-
vidual main factors affected the dimensional stability 

of anterior teeth and the entire cast. Therefore, the null 
hypothesis was rejected.

Regardless of the time interval, SC had the highest 
anterior deviations, and the differences between DM and 
GP were nonsignificant. The greatest mean difference 
between SC and the remaining groups was 39.9 µm. 
However, these differences were the cumulative devia-
tions of anterior teeth, and qualitative interpretation of 
color maps could be more efficient to speculate on pos-
sible clinical outcomes. On the color maps, SC anterior 
teeth mostly had yellow (slight overcontouring) on the 
labial surface and varying shades of blue (undercontour-
ing depending on the chroma) on the palatal surface.  

Table 1  Anterior Region Within Each Material–Time Interval Pair

T0 T1 T2 T3 T4 Total

SC 85.4 ± 11.7Ba 85.7 ± 12Ba 87.3 ± 12.4Ba 85.6 ± 12.4Ba 86.4 ± 11.1Ba 86.1 ± 11.9*

DM 59.3 ± 5Ab 59 ± 5.6Ab 58 ± 6.5Ab 55.1 ± 5.94Aa 58 ± 6.3Ab 57.9 ± 5.9+

GP 52.3 ± 11.4Ac 50.9 ± 11.3Abc 47.4 ± 11.2Aa 49.4 ± 10.4Aab 50.8 ± 10.9Abc 50.2 ± 11+

Total 65.7 ± 9.4* 65.2 ± 9.6* 64.2 ± 10.1*+ 63.4 ± 9.6+ 65.1 ± 9.4*

Data are presented in µm as root mean squares ± SDs. 
Different superscript lowercase letters indicate significant differences in rows, while different superscript uppercase letters indicate significant differences 
in columns. Different symbols (* and +) indicate significant differences among materials or time intervals. Total values are derived from the pooled data of 
each material and each time interval (P < .05).

Table 2  Posterior Region Within Each Material–Time Interval Pair

T0 T1 T2 T3 T4 Total

SC 122 ± 45.3 111 ± 19.4 123 ± 45.3 123 ± 46 123 ± 45.3 120.4 ± 40.3

DM 184 ± 188 182 ± 184 180 ± 183 190 ± 192 191 ± 194 185.4 ± 188.2

GP 238 ± 200 238 ± 188 237 ± 191 244 ± 194 243 ± 200 240 ± 194.6

Total 181.3 ± 144.4 177 ± 130.5 180 ± 139.8 185.7 ± 144 185.7 ± 146.4

Data are presented in µm as root mean squares ± SDs of both the left and right posterior sections (total of eight teeth). 

Table 3  Entire Arch Region Within Each Material–Time Interval Pair

T0 T1 T2 T3 T4 Total

SC 113 ± 34.6 111 ± 35 111 ± 34.8 112 ± 34.7 113 ± 34 112 ± 34.6

DM 158 ± 146 155 ± 145 153 ± 144 156 ± 150 160 ± 153 156.4 ± 147.6

GP 198 ± 156 196 ± 147 196 ± 150 202 ± 152 201 ± 157 198.6 ± 152.4

Total 156.3 ± 112.2 154 ± 109 153.3 ± 109.6 156.7 ± 112.2 158 ± 114.7

Data are presented in µm as root mean squares ± SDs. 

Table 4  Entire Cast Within Each Material–Time Interval Pair

T0 T1 T2 T3 T4 Total

SC 170 ± 44.7 168 ± 44.7 161 ± 37.7 169 ± 42.9 169 ± 43.4 167.4 ± 42.7A

DM 227 ± 111 196 ± 104 199 ± 98.6 231 ± 106 251 ± 109 220.8 ± 107.5A

GP 582 ± 234 554 ± 206 587 ± 211 606 ± 225 581 ± 224 582 ± 220B

Total 326.3 ± 129.9AB 306 ± 118.2A 315.7 ± 124.35AB 335.3 ± 124.6B 333.7 ± 125.5AB

Data are presented in µm as root mean squares ± SDs. 
Different superscript uppercase letters indicate significant differences among materials and time intervals. Total values are derived from the pooled data of 
each material and each time interval (P < .05).
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For DM, light and dark blue were dominant on most of 
the labial surface, with evident yellow areas on the mid-
dle and incisal thirds of central incisors, while yellow and 
green were dominant on the palatal surface. In addition, 
red (overcontouring) was evident on the incisal edges. 
For GP, the color distribution was similar to that of DM, 
with magnitudes shifting towards overcontouring on 
the labial surface. It can be speculated that, while using 
these casts, esthetics might be affected either over- or 
undercontouring on labial surfaces and the overcontour-
ing at the incisal edges. Nevertheless, considering that 
SC had the highest anterior deviations, the labial surface 
of DM and GP may enable better reproduction of the 
clinical situation and accurate evaluation of this site. The 
overcontouring on the palatal surface of DM and GP 
might cause interferences during static occlusion and 
affect mounting. The greatest mean difference among 
time intervals within tested materials was 4.9 µm, which 
can be considered too small for clinically perception. 
Therefore, the effect of time interval on the dimensional 
stability of anterior teeth could be negligible while using 
the tested materials. 

Visible differences were evident in the color maps of 
posterior teeth and the entire arch, particularly among 
tested materials. For SC, the occlusal surfaces of poste-
rior teeth were predominantly light blue at the palatal 
inclination of the buccal cusps and predominantly yel-
low at the buccal inclination of the palatal cusps, with 
evident red areas at the central sulcus. Therefore, an 
adjustment during static occlusion could be required 
before mounting SC casts, and interferences might be 
observed during mediotrusive movements. For DM, the 
second molars had a distinct distribution of red at the 
palatal inclination of both the buccal and palatal cusps. 
As for the remaining teeth, yellow was visible at the 
palatal inclination of the buccal cusps, and blue was vis-
ible at the buccal inclination of the palatal cusps. These 
findings could be interpreted as possible interferences 
during the static occlusion evaluation due to the second 
molars and during laterotrusive movements. The color 
maps of GP were similar to those of DM, but with smaller 
magnitudes of overcontouring and higher magnitudes 
of undercontouring at the abovementioned areas. Thus, 
similar interferences that would require less time to ad-
just may be expected with GP. 

GP had the highest entire-cast deviations, and the 
greatest mean difference among tested materials was 
414.6 µm for the entire cast. This is considerably high, 
even when the size of the dentate casts is considered. 
Given that GP had deviations that were either similar to 
or smaller than those of other materials when dentate 
areas were considered, the base design may be associ-
ated with this result. Color maps also substantiate this 
hypothesis, as the SC palate was mostly green, while that 
of DM was light blue and blue. However, the GP palate 

was predominantly dark blue, with a distinct red area 
close to the posterior border. Polymerization shrinkage 
may be related to undercontouring on both DM and GP 
palates. The presence of graphene might have disrupted 
the adhesion of consecutive layers during fabrication or 
caused a distortion during GP polymerization, which was 
effective at the initial stages of fabrication. The color 
distribution of the buccal soft tissue also corroborates 
this hypothesis, as yellow and green were prominent, 
regardless of the material. Nevertheless, maxillary GP 
casts without a palate may be an alternative to SC and 
DM for diagnostic purposes. The maximum mean differ-
ence among time intervals was 29.3 µm, and a difference 
of this magnitude is rather small for a dentate maxillary 
model with a palate. Therefore, the time interval’s ef-
fect on the dimensional stability of entire cast can be 
considered negligible. 

The validity of AM casts was reported in previous 
studies,5,11 with findings similar to the results of the 
present study. A recent systematic review concluded 
that the deviations of AM casts ranged between 3.3 
and 579 µm.9 Only the entire-arch deviations of GP 
casts were slightly above this range, and tested AM 
casts may be viable alternatives to evaluate the dentate 
arch and occlusion, given that the measured deviation 
values of tested model resins at anterior, posterior, and 
entire-arch regions were within this range. However, 
the same systematic review also showed that the ac-
ceptable deviation of a cast to be used for prosthetic 
applications was 200 µm.9 Posterior and the entire-
arch deviations were either relatively close to or above  
200 µm. Therefore, tested model resins should be evalu-
ated for prosthetic purposes. 

The present authors are aware of only two previ-
ous studies on the dimensional stability of AM dentate 
casts.1,6 In Joda et al’s study,1 AM maxillary casts were 
stored over a period of 1 month and were evaluated 
weekly. The authors1 reported increased deviations after 
each week, with those after the third and the fourth 
weeks being significant. The entire cast was also in-
vestigated in that study, and the greatest mean differ-
ence between time intervals was reported to be 5.6 µm 
and the greatest mean deviation was reported to be  
8.9 µm. Another model resin and model design were 
used in Joda et al’s1 study, which may influence with 
these results. The other study6 investigated the effect of 
the 3D printer, storage time, and storage condition on 
the dimensional stability of AM maxillary casts with pal-
ates. Yousef et al6 concluded that printer type affected 
the dimensional stability of casts, and those fabricated 
with a DLP printer had color changes after 3 months of 
storage under light exposure. 

In the present study, one 3D printer and two model 
resins were tested, and other printing parameters (such 
as layer thickness and printing orientation) were not 
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evaluated. Another limitation was that only one postpo-
lymerization unit was used, and even though the tested 
polymerization unit has been used in dental studies 
on deviation analyses,4,24 using other units may affect 
measured deviations, particularly for GP, as the manu-
facturer did not recommend a polymerization unit. The 
results were limited to a period of 1 month of storage 
in light-proof boxes, and longer durations or storage 
conditions may affect the results. Even though AM casts 
were fabricated with a solid base and palate (in line with 
American Board of Orthodontics requirements27) to have 
a similar shape to that of the stone casts, different base 
designs or base filling patterns9 may affect the dimen-
sional stability. The master cast was digitized 10 times 
with a high-accuracy IOS31 to reflect an actual clinical 
situation and to eliminate the bias against conventional 
impressions. Nevertheless, the inherent inaccuracy of 
IOSs might affect measured deviations, and these re-
sults should be substantiated with studies that involve 
different IOSs. In addition, patient-related factors were 
not involved in either impression method. Future stud-
ies should broaden the findings of the present study 
with clinical situations that involve edentulous areas, 
prepared teeth, dental implants, and shorter spans to 
elaborate upon the limitations of AM casts, particularly 
those fabricated using tested nanographene-reinforced 
model resin.

CONCLUSIONS

Within the limitations of this in vitro study, the following 
conclusions can be drawn: 

1. Regardless of the time interval, AM casts had 
trueness either similar to or higher than that of SCs 
when dentate regions were considered. 

2. Regardless of the time interval, GM casts had large 
entire-cast deviations, which were primarily sourced 
from the base and the palate.

3. Dimensional stability of tested casts was high, 
with a maximum meaningful mean alteration of 
approximately 29 µm between T0 and T3, when all 
regions were considered.
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