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PURPOSE. The purpose of the study was to assess the influence of build 
orientations and density of support structures on the trueness of the 3D printed 
removable partial denture (RPD) frameworks. MATERIALS AND METHODS. A 
maxillary Kennedy class III and mandibular class I casts were 3D scanned and 
used to design and produce two 3D virtual models of RPD frameworks. Using 
digital light processing (DLP) 3D printing, 47 RPD frameworks were fabricated 
at 3 different build orientations (100, 135 and 150-degree angles) and 2 support 
structure densities. All frameworks were scanned and 3D compared to the 
original virtual RPD models by metrology software to check 3D deviations 
quantitatively and qualitatively. The accuracy data were statistically analyzed 
using one-way ANOVA for build orientation comparison and independent sample 
t-test for structure density comparison at (α = .05). Points study analysis targeting 
RPD components and representative color maps were also studied. RESULTS. 
The build orientation of 135-degree angle of the maxillary frameworks showed 
the lowest deviation at the clasp arms of tooth 26 of the 135-degree angle group. 
The mandibular frameworks with 150-degree angle build orientation showed the 
least deviation at the rest on tooth 44 and the arm of the I-bar clasp of tooth 45. 
No significant difference was seen between different support structure densities. 
CONCLUSION. Build orientation had an influence on the accuracy of the 
frameworks, especially at a 135-degree angle of maxillary design and 150-degree 
of mandibular design. The difference in the support’s density structure revealed 
no considerable effect on the accuracy. [J Adv Prosthodont 2022;14:150-61]
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INTRODUCTION 

Fabrication of the removable partial denture (RPD) framework by conven-
tional method is a lengthy process and requires some effort and skills to be 
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mastered. These issues could be minimized by the 
great development in digital dentistry achieved in 
the last few years. The prototyping manufacturing 
technology, whether additive or subtractive, offered 
a good chance to have smoother and facilitated RPD 
framework fabrication.1-6 Although additive digital 
technology is more workable for RPD manufacturing, 
some technical issues need optimization to gain the 
desired outcome, besides reducing the printing time 
and the consumed materials.2,5,7,8 Selective laser sin-
tering (SLS) is one of the additive technologies that 
can transfer the virtual RPD frameworks to the final 
metallic one. Researchers confirmed that SLS is a suc-
cessful RPD framework manufacturing process and is 
suitable for clinical application with a mean accuracy 
level of 97.452 ± 32.575 µm. However, this manufac-
turing process is still under development, expensive 
and rarely found in prosthetic laboratories.5,7,8 Hwang 
et al .9 have optimized the SLS printing process and 
found that the transverse build angle and inter-con-
nected support structure had the best accuracy (167 
± 105 µm) and optimum density, surface roughness, 
and productivity, compared to the other studying 
groups. SLS was also appraised in the literature on its 
ability to manufacture RPD with a range of accuracy 
(166 ± 9 to 123 ± 9 µm). In contrast, discrepancies 
were seen at the center of the major connectors.1,8,9

Digital light processing (DLP), stereolithography 
(SLA), and three-dimensional (3D) printing are now 
the most popular technologies in prosthetic labora-
tories.10 They produce RPD frameworks from castable 
resin with designs virtually created by the dental com-
puter-aided design (CAD) software. Many parameters 
could affect the accuracy of the 3D printed objects 
and influence the final results other than the 3D print-
ing technology used.10-12 One of the main parameters 
is the layer thickness, which has a great influence on 
the accuracy.10,13 Other parameters include build ori-
entations, printing support thickness, support tip siz-
es and percentage of support density.14-18 The support 
structure density is distinguished from the support 
structure diameters. The support density is the per-
centage of the number of support structures’ surface 
area and their auxiliary crossing structures generat-
ed by the software regardless of the diameter of each 
support structure. Research has been conducted to 

study the influence of all these parameters on the ac-
curacy of the crowns, casts, complete denture bases 
and implant digital surgical guides.13,15-21

The International Standards Organization defined 
trueness (closeness of measured values to the true 
value) as accuracy (ISO 5725-1).22 Accuracy in the arti-
cles refers to the level of trueness observed between 
the original 3D object and the scanned objects gener-
ated from the 3D printer.6,11 Many articles applied the 
reverse engineering and metrology 3D analysis soft-
ware to precisely detect the quantitative and qualita-
tive 3D deviations between the reference 3D objects 
and the scanned objects.19-21 Generally, quantitative 
analysis was represented as root-mean-square esti-
mate and the qualitative analysis was done by study-
ing and interpreting the color maps generated in the 
software report representing the surface positive and 
negative 3D deviations.13,16,19,20

We looked for a published article on the influence 
of different 3D printing parameters on the RPD frame-
works generated from castable materials, but no ar-
ticle met the search criteria. Accordingly, the aim of 
the current research was to study the influence of 
build orientations and support structure density as 
3D printing parameters on the trueness of the RPD 
frameworks produced by DPL 3D printing technology. 
The null hypothesis was that there is no influence of 
the build orientations and support structure density 
parameters on the accuracy of the RPD frameworks 
produced by 3D printers.

MATERIALS AND METHODS

Two educational silicone replicas of maxillary Ken-
nedy class III and mandibular Kennedy class I partial-
ly edentulous arches were poured by dental stone. 
Three definite key shapes were drilled on the cast 
surface at the major connector of the proposed RPD 
design. The stone casts were 3D scanned at 4 µm ac-
curacy by a desktop 3D scanner (E4; 3Shape, Copen-
hagen, Denmark) and their 3D models were saved as 
standard tessellation language (STL) files. Two virtual 
RPD frameworks were designed on the 3D scanned 
models by the partial denture module of the den-
tal CAD software (DentalCAD; Exocad Matera v 2.3; 
Exocad GmbH, Munich, Germany). Framework de-
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sign files were exported to be ready for 3D printing 
as shown in Figure 1. Designed RPD framework files 
were then imported to a 3D printing software (Chitu-
box Pro v 1.9; CBD Ltd., Guangdong, China) to man-
age the 3D printing process and the studied support 
parameters. Three build orientations (100°, 135° and 
150°) and two support structure density (50% and 

75%) were selected for this study, as shown in Figure 
2. 

Sample size calculation was performed using 
power analysis software (G*Power v3.1.9.4; Hein-
rich-Heine-Universitat, Dusseldorf, Germany) for build 
orientation study (Total sample size = 27; effect size 
[f] = 0.75; actual power = 90%; power = 91%; α = 0.05) 

Fig. 1. Maxillary removable 
partial denture framework 
design and corresponding STL 
export seen as (A) and (B), re-
spectively. Mandibular frame-
work design and export seen 
as (C) and (D).

A B

C D

Fig. 2. Three-dimensional 
models of removable partial 
denture frameworks (blue col-
or) with different build orien-
tations and support structure 
density after support structure 
creation (grey color). (A - D) 
Three-dimensional models of 
the maxillary removable partial 
denture frameworks with their 
support at degree angles 100, 
135, 150 and at 75% support 
structure density, respectively. 
(E - H) mandibular models with 
the same sequence.

A B C D

E F G H
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and build structure density study (Total sample size 
= 20; effect size [f] = 1.6; actual power = 90%; power = 
92%; α = 0.05). A total of forty-seven RPD frameworks 
for each arch were 3D printed (9 for each build an-
gle group and 10 in support density group) from the 
castable resin (DentaCast; ASIGA, Ann Arbor, MI, USA) 
using an accurate 3D printer machine (Max UV; ASIGA, 
Ann Arbor, MI, USA), (Fig. 3).23 The resin used is an ul-
traviolet-processed resin, has polymerization range 
of 385 nm and 405 nm, density of 1.05 - 1.13 g/cm³, 
hardness of 85 - 88 Shore D, tensile strength of 42.0 
MPa, elongation at break of about 10%, and can be 
used for RPD framework and crown and bridge fab-
rication. The specification of the 3D printer could be 
seen in Table 1. This 3D printer is a digital light pro-
cessing (DLP) type with a pixel resolution of 62 µm 
and Light-Emitting Diode (LED) wavelength of 385 nm 
(high power UV LED). The printing speed may reach 
50 mm/h. After 3D printing, the 3D resin frameworks 

were removed, washed in isopropyl alcohol (IPA) for 
10 minutes and then dried. Once they were dried, 
they were post-processed by curing for 20 minutes in 
the Asiga Flash post-curing chamber (ASIGA, Ann Ar-
bor, MI, USA) to be fully polymerized and get strength 
to be handled (Fig. 3). 

After polymerization, support structures were re-
moved and the resin frameworks were stored in light-
proof box until they were 3D scanned. Because the 
aim of the study was focused on the accuracy of the 
3D printed resin framework and avoiding the bias that 
could evolve from the investing, casting, and finish-
ing and polishing, the manufacturing process was not 
completed and the processed 3D printed resin was 
used directly to analyze the trueness of the frame-
works. 

In order to have better and consistent 3D scanning 
of the frameworks, they were sprayed by opaque 
scanning spray (EZ Scan; Alphadent, Waregem, Bel-
gium) with a 3 µm particle size to cover their translu-
cent and reflective nature of the resin. Rubber base 
index was fabricated to facilitate repeatable position 
of the frameworks during scanning. After 3D scan-
ning, all files were stored as STL format and labeled 
according to their group. 

Analysis of the frameworks’ trueness was per-
formed by comparing the 3D model of the designed 
framework (reference model) to the 3D models of the 
scanned samples. A metrology 3D analysis software 
(Geomagic Control X v 2018.1.1; 3D Systems, Rock 
Hill, SC, USA) was selected to align, superimpose and 
measure the difference between the surfaces of the 
reference model and those of the test model. First, 
the 3D original reference model and the scanned 
model were initially aligned by the initial alignment 
tool; guided by the created key shapes, followed by 
best fit alignment to ensure accurate surface super-
imposition and uniform coordinates. The original 3D 
model was assigned as a reference model and the 
scanned models were assigned as the test models. By 
applying 3D compare function, the root-mean-square 
estimate (RMSE) deviations between the surfaces 
were calculated from equation

Table 1. Specification of the digital light processing 3D 
printer used for frameworks fabrication

Pixel size X, Y 62 μm
Build size X Y, Z 119 × 67 × 75 mm
Light source 385 nm
System size 260 × 380 × 370 mm
File inputs STL, SLC, STM

Fig. 3. Removable partial denture frameworks after 3D 
printing and curing from castable resin and before remov-
al of the support structure.
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where x1,i refers to the measurement point i in the 
master data, x2,i refers to the measurement point of 
i in the experimental data, and n refers to the total 
number of points.16 Finally, the color map of the de-
viation was generated. Maximum deviation values of 
the color scale were set to ± 300 µm, while the spe-
cific tolerance values were set to ± 50 µm and repre-
sented in green color.1,17,19 Red to yellow color rang-
es were assigned to the positive section of the color 
scale while the dark to light blue assigned to the neg-
ative values of the color bands. The aforementioned 
process was repeated between the reference model 
and all the 3D scanned models of all groups.

RMSE deviation data of all groups were collected 
and statistically analyzed using statistical analysis 
software (IBM SPSS Statistics; v 21.0; IBM Corp., Ar-
monk, NY, USA). Data showed normal distribution in 
both support density and build orientations samples 
as tested by Shapiro-Wilk test. Accordingly, paramet-
ric analysis was considered for checking the differ-
ence among the groups (α = .05). The significant dif-
ference between the two support density groups in 
maxillary and mandibular samples was checked by 
independent sample t-test while one-way ANOVA was 
used between build orientations groups. Subsequent-
ly, Bonferroni post-hoc multiple comparison test with 
error-adjustment was conducted after checking the 
homogeneity of variance by levene’s test. 

In addition to the previous analysis, a point-com-
parison analysis study was performed to track the 
deviation of each RPD framework component. A to-
tal of forty-eight points of the maxillary framework 
and thirty-six of the mandibular frameworks were 
selected. These points encompassed all rests, proxi-
mal plates, clasp arms, minor connectors, major con-

nectors, and the finish lines. The mean value and the 
standard deviation of each component were calculat-
ed and tabulated and the color-coded images of the 
deviated points were generated by the software.

RESULTS

The data generated from the software revealed that 
mean value of the RMSE of the maxillary frameworks 
created by 50% support density (0.088 ± 0.025 mm) 
was higher than maxillary 75% group (0.068 ± 0.014 
mm). The difference between the two densities was 
insignificant (P = .134). Values of the mandibular 50% 
support density group (0.076 ± 0.010 mm) were high-
er than 75% density group with no significant differ-
ence (P = .757), (Table 2).

The mean of the RMSE of the 100° build orientation 
of the maxillary frameworks showed the highest val-
ue (0.101 ± 0.010 mm) among the studied build an-
gles, while the 135° angle had the lowest value (0.070 
± 0.007 mm). There was a significant difference be-
tween 135° angle and 100° angle (P = .005). No signif-
icance was seen between 150° angle and any other 
maxillary build angles (Table 3 and Table 4). 

Mandibular frameworks showed the highest mean 
value in the 100° angle group (0.091 ± 0.006 mm), 
while 150° angle showed the lowest value (0.066 ± 
0.008 mm). The differences between 150° angle and 
all other build angles were significant (P  < .001). No 
significant difference was seen between 135° angle 
and 100° angle (P = .194) (Table 3 and Table 4). 

The color maps of the 100° and 150° maxillary RPD 
frameworks revealed areas of negative deviation rep-
resented as grades of dark to light blue colors con-
centrated at the periphery of the mid-palatal major 

Table 2. Descriptive statistical values (mm) and independent sample t-test of the maxillary and mandibular frameworks 
printed by different support density settings

Mean SD t-value Sig. (2-tailed) Significance
50% Maxillary 0.088 ± 0.025

1.673 .134 NS
75% Maxillary 0.068 ± 0.014
50% Mandibular 0.076 ± 0.010

0.317 .757 NS
75% Mandibular 0.075 ± 0.004

NS; not significant.
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connectors. The color map of the 135° angle group 
showed more homogenous and lighter color than 
other angle groups. Small islands of positive devia-
tion represented in yellow to orange colors were also 
seen in the minor connectors and finish line areas (Fig. 
4). The color map of the 50% support density group 
showed some islands of positive and negative devi-
ations in the areas of major connector and closer to 
the minor connector. The color map of the 75% sup-
port density group had a slight change from the 50% 
density group by showing fewer areas of deviation 
(Fig. 4).

Areas of negative deviation along the lingual bar 
major connector of the 100° angle were recorded with 
minimal areas of positive deviation on the minor con-
nectors and the (I-bar) arm. More homogenous de-
viations were recorded in the 135° and 150° angles 
with lower deviation values (lighter colors) in the 150° 
angle (Fig. 5). The middle part of the lingual bar ma-
jor connector of both 50% and 75% support density 
groups showed deviation with darker bands in the 
50% density group. Some islands of positive devia-

tions could also be seen in the minor connectors of 
the 50% density group and the lower edge of the lin-
gual bar of the 75% density group (Fig. 5).

Figure 4 color maps generated from metrology soft-
ware representing different maxillary removable par-
tial denture frameworks build orientations and sup-
port density structures. Color band scale seen in right 
side showing critical values range (+300: -300 µm) 
with blue color representing negative deviation and 
red color positive deviation.

In general, as a matter of comparison of point devi-
ations among different build angle groups of the max-
illary framework, the 100° angle group had the high-
est deviation values (0.022 ± 0.012 - 0.175 ± 0.066 
mm), while the 135° angle group showed the least 
deviation values (0.012 ± 0.003 - 0.072 ± 0.017 mm). 
For the support structure density groups, the 75% 
group showed less deviation (0.016 ± 0.016 - 0.082 ± 
0.007 mm) compared to the 50% group (0.034 ± 0.016 
- 0.0911 ± 0.005 mm). Deviation of points on the 
maxillary framework rests within all studied groups 
showed higher values on the #14 tooth than all other 

Table 4. Bonferroni Post-hoc test for multiple comparisons with adjustment for different build orientation groups in both 
maxillary and mandibular frameworks

Comparison of mean difference Mean difference P-value Significance 
Max 150 v 135 0.0125 .418 NS
Max 150 v 100 -0.0183 .114 NS
Max 135 v 100 -0.0308 .005 Significant 
Mand 150 v 135 -0.0174 .002 Significant
Mand 150 v 100 -0.0258 .000 Significant
Mand 135 v 100 -0.0083 .194 NS

NS; not significant. Max; maxillary. Mand; mandibular.

Table 3. Descriptive statistical values (mm) and ANOVA test between different build orientation groups in both maxillary 
and mandibular frameworks

Build angle groups Mean SD F-value Sig. 
angle 150 Maxillary 0.083 ± 0.020

7.447 .006aangle 135 Maxillary 0.070 ± 0.007
angle 100 Maxillary 0.101 ± 0.010
angle 150 Mandibular 0.066 ± 0.008

19.866 .000bangle 135 Mandibular 0.083 ± 0.005
angle 100 Mandibular 0.091 ± 0.006

a, b significant at P < .05
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rests, while the rest on the #17 tooth showed the least 
values (Table 5). For different build angle groups, the 
tip of the retentive arms of #17 tooth showed higher 
deviation values, while #26 tooth showed the lowest. 
Similarly, in support density groups, #17 tooth had 
higher deviations but #25 tooth showed the lowest 
value. The highest values of reciprocal arms were re-
corded in the tip and base of tooth #14 and the low-
est values were recorded in the mid-part of tooth #26. 
The minor connector between teeth #25-26 showed a 

greater deviation in the area near the connection with 
the mid-palatal strap. The junction of the proximal 
plate to the rest seats in tooth #17 showed a higher 
value compared to the proximal plate of tooth #17. 
Mostly, the finish line areas showed higher values 
near the distal part than the mesial one (Fig. 6).

Similar to the maxillary RPD frameworks, the devi-
ation points of the mandibular frameworks revealed 
an overall higher deviation in the 100° angle group 
(0.053 ± 0.015 - 0.162 ± 0.032 mm), while the lowest 

Fig. 4. Color maps generated from 
metrology software representing 
different maxillary removable partial 
denture frameworks build orienta-
tions and support density structures. 
Color band scale seen in right side 
showing critical values range (+300: 
-300 µm) with blue color represent-
ing negative deviation and red color 
positive deviation.

Fig. 5. Color maps generated from 
metrology software representing 
different mandibular removable 
partial denture frameworks build 
orientations and support density 
structures. Color band scale seen in 
the right side showing critical values 
range (+300: -300 µm) with blue col-
or representing negative deviation 
and red color positive deviation.
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values were in the 150° angle group (0.022 ± 0.007 - 
0.075 ± 0.006 mm). The overall points’ deviation of 
the components of the 50% density group was high-
er than the 75% density group except for the rest 
of tooth #44 (Table 6). The cingulum rest on tooth 
#33 revealed the highest deviation among all oth-
er rests, while the lowest deviation was in the rest of 

#44 tooth of group 150° angle. Similarly, the occlusal 
rest on tooth #44 of group 75% density showed the 
least deviation of all rests compared to the 50% den-
sity group. Although the tip of the I-bar arm of tooth 
#34 showed a higher value for all build angle groups, 
the arm on tooth #45 had the higher deviation in the 
structure density groups. Among all minor connec-

Fig. 6. Sample of the color map of points’ deviation analysis of each component of the maxillary and mandibular frame-
works seen in (A), (B) images, respectively.

Table 5. Mean and standard deviation in (mm) of points’ deviations of each maxillary RPD framework component
100° angle 135° angle 150° angle 50% density 75% density

Rest #25 0.067 ± 0.013 0.035 ± 0.01 0.051 ± 0.02 0.061  ± 0.015 0.03  ± 0.017
Rest #26 0.113 ± 0.025 0.047 ± 0.011 0.063 ± 0.026 0.0750 ± 0.032 0.049 ± 0.02
Rest #14 0.132 ± 0.044 0.066 ± 0.019 0.082 ± 0.012 0.0891 ± 0.014 0.061 ± 0.006
Rest #17 0.070 ± 0.006 0.028 ± 0.004 0.044 ± 0.015 0.0340 ± 0.016 0.022 ± 0.009
Ret-arm #25 0.053 ± 0.013 0.019 ± 0.007 0.033 ± 0.006 0.0371 ± 0.012 0.016 ± 0.016
Ret-arm #26 0.070 ± 0.006 0.016 ± 0.016 0.030 ± 0.01 0.0381 ± 0.006 0.023 ± 0.008
Ret-arm #14 0.076 ± 0.026 0.021 ± 0.006 0.035 ± 0.013 0.0391 ± 0.007 0.026 ± 0.003
Ret-arm #17 0.089 ± 0.031 0.023 ± 0.004 0.037 ± 0.006 0.0470 ± 0.011 0.028 ± 0.005
Rec-arm #25 0.089 ± 0.036 0.029 ± 0.005 0.043 ± 0.012 0.053  ± 0.01 0.024 ± 0.004
Rec-arm #26 0.022 ± 0.012 0.012 ± 0.003 0.026 ± 0.01 0.0360 ± 0.007 0.031 ± 0.011
Rec-arm #14 0.081 ± 0.046 0.037 ± 0.016 0.051 ± 0.002 0.0561 ± 0.011 0.042 ± 0.012
Rec-arm #17 0.060 ± 0.015 0.026 ± 0.004 0.044 ± 0.008 0.054  ± 0.003 0.051 ± 0.005
Minor-c #25-26 0.175 ± 0.066 0.058 ± 0.017 0.075 ± 0.008 0.0841 ± 0.019 0.053 ± 0.015
Proximal-p #14 0.054 ± 0.016 0.024 ± 0.008 0.038 ± 0.006 0.05  ± 0.011 0.036 ± 0.01
Proximal-p #17 0.058 ± 0.012 0.028 ± 0.015 0.042 ± 0.016 0.0481 ± 0.012 0.055 ± 0.006
Major-c 0.124 ± 0.026 0.072 ± 0.017 0.084 ± 0.018 0.0911 ± 0.005 0.082 ± 0.007
Finish-L 0.143 ± 0.042 0.059 ± 0.008 0.073 ± 0.013 0.083  ± 0.022 0.075 ± 0.016

c = connector, p = plate, L = line.
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Table 6. Mean and standard deviation in (mm) of points’ deviations of each mandibular RPD framework component
100° angle 135° angle 150° angle 50% density 75% density

Rest #44 0.053 ± 0.015 0.041 ± 0.013 0.022 ± 0.007 0.036 ± 0.010 0.032 ± 0.006
Rest #45 0.072 ± 0.017 0.058 ± 0.015 0.050 ± 0.013 0.059 ± 0.012 0.057 ± 0.012
Rest #33 0.101 ± 0.024 0.069 ± 0.015 0.061 ± 0.011 0.065 ± 0.014 0.061 ± 0.009
Rest #34 0.055 ± 0.019 0.032 ± 0.010 0.030 ± 0.012 0.035 ± 0.010 0.036 ± 0.008
I-bar-arm #34 0.076 ± 0.014 0.031 ± 0.009 0.032 ± 0.007 0.040 ± 0.018 0.039 ± 0.005
I-bar-arm #45 0.070 ± 0.025 0.030 ± 0.011 0.026 ± 0.006 0.044 ± 0.012 0.040 ± 0.007
Minor-c #33-34 0.066 ± 0.012 0.065 ± 0.015 0.052 ± 0.009 0.060 ± 0.013 0.056 ± 0.010
Minor-c #44 0.064 ± 0.015 0.069 ± 0.008 0.055 ± 0.010 0.057 ± 0.014 0.053 ± 0.012
Minor-c #45 0.080 ± 0.022 0.060 ± 0.005 0.064 ± 0.013 0.066 ± 0.017 0.059 ± 0.008
Proximal-p #34 0.101 ± 0.024 0.077 ± 0.017 0.069 ± 0.007 0.074 ± 0.015 0.069 ± 0.015
Proximal-p #45 0.113 ± 0.017 0.066 ± 0.010 0.075 ± 0.006 0.070 ± 0.008 0.064 ± 0.015
Major-c 0.162 ± 0.032 0.080 ± 0.010 0.073 ± 0.013 0.082 ± 0.012 0.080 ± 0.010
Finish-L 0.091 ± 0.025 0.077 ± 0.020 0.072 ± 0.015 0.076 ± 0.016 0.072 ± 0.017

c = connector, p = plate, L = line.

tors of the mandibular frameworks, the minor con-
nector mesial to tooth #45 showed a higher deviation 
value, especially at the area between the rest and the 
junction with the lingual bar. Unlike the other groups, 
the 135° angle group showed the highest deviation at 
tooth #44. The proximal plate at tooth #34 had a high-
er deviation in groups 100° and 150° while the proxi-
mal plate at tooth #45 was more deviated in the oth-
er groups. Similar to maxillary major connectors, the 
lingual bar had a higher deviation in the central areas. 
The lingual finish line showed more deviation at the 
distolingual ends.

DISCUSSION

The null hypothesis was partially accepted at (P  < 
.05), as there was no significant difference in the ac-
curacy of both maxillary and mandibular RPD frame-
works produced with different support structure den-
sity. On the other hand, build orientations showed a 
significant difference in the accuracy of the studied 
RPD frameworks. Therefore, these results imply that 
changing the build orientations during 3D printing 
of the RPD frameworks, produced by DLP 3D print-
ers, could improve the accuracy of the printed frame-
works with no such effect recorded with increasing 
the percentage of the support structure density. 

The values reported in the study were within the 

normal range of previous studies.1,5,16,17 The results 
of the study reported that the maxillary RPD frame-
works with 135° had the lowest RMSE mean value 
(0.070 ± 0.007 mm) with a significant difference than 
the 100° angle mean value. This result confirmed that 
135° angle had the best values and therefore the most 
accurate build orientation among the maxillary build 
orientations. On the other hand, 150° angle mean val-
ue (0.066 ± 0.008 mm) was the lowest among man-
dibular frameworks, with significant differences. Ac-
cordingly, it was the most accurate build orientation 
among mandibular frameworks. Both the aforemen-
tioned findings were confirmed in the color maps as 
a homogenous distribution with a more dominant 
green color representing within limit specific toler-
ance values (± 50 µm) without deviation.1,17,19 

The design of the DLP 3D printer relied on using UV 
light at 385 nm wavelength. This high energy pow-
er was applied to the printing resin by thousands of 
micro LEDs source. At a resolution of 62 μm, the pho-
todegradable initiator interacts with light energy to 
produce reactive free radicals or cations. These, in 
turn, will trigger the polymerization of light sensitive 
monomer/oligomer molecules that lead to cross-link-
ing, producing solid material. This process is repeat-
ed layer by layer in the z-axis by directing the pow-
er source from a downward direction, resulting in a 
building direction from downward-upward. Accord-
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ingly, the first layer generated, which is not totally 
mature, was subjected to the unpolymerized liquid 
for a longer time than the last layer. In addition, the 
effect of gravity may also play a role in the distortion 
process, which could affect the merging between the 
generated layers. If the printing time is increased, 
these shortcomings may increase. This finding agreed 
with other studies that showed better accuracy with 
135° angle and more homogenous deviation color 
maps.15,17,19 The middle part of the major connectors 
was the part most affected by the study parameters, 
which was a frequent location of areas of deviation. 
This could be attributed to the distortion that com-
monly happened at the mid-distance between the 
right and left parts of the frameworks. Another find-
ing was that most of the negative deviation was in 
the mid-area, while positive deviation was frequent-
ly seen on the sides. This finding coincides with oth-
er studies that showed more distortion and negative 
deviation in the mid-area of the prosthesis.1,5 It was 
also observed in the point deviation study that the 
RPD rests showed a comparable deviation range com-
pared to other studies, especially for group 135° an-
gle of the maxillary framework and 150° angle of the 
mandibular framework.1,24 It should be mentioned 
that these studies used different printing materials 
and techniques. At the clasp arms, the highest devi-
ation was seen in the tips of the both retentive and 
reciprocal arms, which match Tasaka et al .24 for the 
reciprocal arm. However, they recorded a higher de-
viation in the center of the retentive arm. In the prox-
imal plate areas, the results also matched the previ-
ous study by Tasaka et al .24 and were slightly higher 
than those in the study by Negm et al .1 study. The 
palatal strap showed a range close to that by Negm et 
al .1’s study. In contrast, the lingual bar major connec-
tor showed higher deviation values than in the pre-
vious study.24 Generally, we believed that the distri-
bution of these deviations might be attributed to the 
location and thickness of the printed part. For exam-
ple, the thicker the component, the more deviation 
happened as it needed more support structure. It was 
also due to more shrinkage expected during fusion 
and more contact with the unpolymerized particles 
during building. The location of the component may 
also play a role as the peripheral parts might be more 

vulnerable to distortion than others; this confirms 
the importance of the support structure distribution. 
However, the RPD framework has complex surface 
details and variable thickness added to the variations 
between maxillary and mandibular designs. Thus, the 
amount and location of deviations could be difficult 
to be expected and justified. In contrast, the support 
structure density was believed to have a more po-
tent effect on the resin accuracy because of its role in 
supporting more object surface area and so was ex-
pected to show more accuracy with a higher density 
group. Surprisingly, no significance was seen in RMSE 
between these groups, which may be due to an insuf-
ficient difference between 50% and 75% support den-
sity to show a significant effect.

Unlike the previously discussed process of DLP 3D 
printing, the final RPD framework was 3D printed 
from metal powders. This process is called powder 
bed fusion with the subcategories SLS and SLM, in 
which the metal powder is subjected to a unified la-
ser beam with a suitable wavelength capable to heat 
and weld these powder particles together to become 
a solid piece in the moving bed. Subsequently, heat 
treatment will be applied in a furnace to assure full fu-
sion between the particles and maintain the required 
strength.7,10,25 In such a manner, the SLS process en-
ables avoiding the discrepancies that may happen 
during investing, casting, finishing and polishing.7,25

One of the study limitations was that the 3D print-
ing parameters are not only limited to the build orien-
tations and support density, but some other parame-
ters should also be considered, like support diameter, 
layer thickness, support structure connection and 
type of technology used. In addition, the current out-
come is in harmony with other outcomes like print-
ing time and amount of materials consumed during 
printing. Other RPD designs with different classes 
may also influence the final results.

Based on the aforementioned limitation, the rec-
ommendation of the study may include testing oth-
er 3D printing parameters on the accuracy, printing 
time, and materials consumed. Different printing 
technologies as SLA could also be checked. Moreover, 
framework fitness and optimization study of the best 
parameters combination should be studied to have 
the most feasible outcome in accuracy, printing time, 
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materials consumed and cost.

CONCLUSION

Three-dimensional printing using DLP technology is 
an accurate manufacturing process for RPD frame-
works. Build orientation had an influence on the ac-
curacy of the frameworks especially at 135-degree an-
gle of maxillary design and 150-degree of mandibular 
design. The difference in the support’s density struc-
ture revealed no considerable effect on the accuracy.
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