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Abstract

Aims: The present study aimed to assess the accuracy of surgical guides
fabricated using two different 3D printers, two resins, and different occlusal
designs (OS: original shape; GS: groove sealing).

Materials and Methods: Forty surgical guides were printed on a digital light
processing (DLP) printer and a Liquid Crystal Display (LCD) printer, with
two resin types (SG guide and V-guide) and two occlusal designs. The region
where the implant was planned was digitally removed from the cast,
allowing passive positioning of the implant through the guide. A scan body
was inserted in the implant, and the cast was scanned with an intraoral
scanner. The planned implant was compared with the actual implant
position. Six measurements representing the accuracy of implant placement:
(depth, angular, global apical, horizontal apical, global coronal, and
horizontal coronal) deviations. Descriptive statistics and a multivariate
analysis of variance (MANOVA) were conducted.

Results: The DLP printer and GS group exhibited lower mean deviation and
standard deviation across all measured parameters. Printer type had a
statistically significant multivariate effect (Wilks” Lambda = 0.015, p< 0.001,
Partial n2=0.985). The resin type had no multivariate effect on the combined
dependent variables, as indicated by Wilks” A = 0.727, p = 0.161. Occlusal
shape showed a significant multivariate effect (Wilks’ Lambda = 0.015,
p<0.001). The univariate tests revealed that printer type and the shape of the
occlusal surface had a statistically significant effect on all six deviation
parameters (p < 0.001 for all); however, resin type had a significant effect
only on horizontal coronal deviation (p = 0.018).

Conclusion: The DLP printer was more accurate than the LCD printer. Also,
the accuracy of a surgical guide can be improved by sealing the occlusal
surface grooves directly before fabricating the guide. The accuracy of both
SG and V-guide resins was the same.
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INTRODUCTION

Implant-based rehabilitation can help those who have lost teeth. (1,2) Implant
dentistry has focused on implant geometry and osseointegration. Implant success
depends on surface topography, especially roughness, which improves
osseointegration. (3-7). Modern implantology puts the most emphasis on
osseointegration, cosmetic restoration, and tissue health. (8,9) If an implant is poorly
designed, it might irritate soft tissue and induce bone loss around the implant. There
may be a number of problems with dental care. (10,11) 3D digital technology can help
with these problems by making things more accurate and better in the clinic. 12
Intraoral scanners can make 3D virtual models without the need for imprints. They
also help keep digital data safe and make patients more comfortable. (13,14)

Additive manufacturing, which deposits layers of material consecutively, enables
the fabrication of precision dental components. (15,16) The concept of prosthetically
driven implant surgery entails that the desired final restoration must be initially
designed and utilized as a reference for the placement of the dental implant. It is a
multi-factorial approach that necessitates radiographic assessment, arch scanning,
virtual creation of the treatment plan, surgical guide design and fabrication, and
implant insertion with an implant drill kit. (17,18)

Digital surgical guidance enhances implant placement accuracy; however, errors
in depth and angulation can still occur. (19) Implant displacement can result from
issues with the accuracy of 3D-printed surgical guides, including variations in printing
technology, printer type, and resin composition. (20) Furthermore, the occlusal surface
often presents intricate anatomical features—such as fissures and grooves that can
hinder the proper seating and adaptation of the surgical guide. (21)

The current study aims to compare the accuracy of implants placed with 3D-
printed surgical guides made by two different types of 3D printers: DLP and LCD,
compare the accuracy of the surgical guide made by two different resins, and evaluate
the effect of groove sealing of the posterior occlusal surface on the accuracy of implant
placement using a 3D-printed surgical guide. The null hypotheses were that there
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would be no significant differences in accuracy among the mentioned different

variables.

MATERIALS AND METHODS
Ethical Approval

This study was reviewed and approved by the Research Ethics Committee of the
College of Dentistry, University of Mosul (Reference No.: UoM.Dent. 25/1010). Ethical
approval was granted on November 25, 2024. The study was conducted in accordance
with the ethical guidelines and regulations of the University of Mosul, College of
Dentistry.

Inclusion and Exclusion Criteria for our patient (one patient)
Inclusion Criteria

e An adult whose age is > 18 years.
e Patient with good oral hygiene.
e No systemic or local conditions present a contraindication to implant
placement.
e Patient with a single missing tooth.
e Patient with good bone height and width.
e Patient with good gingival health.
Exclusion Criteria

e An adult whose age is <18 years.

e Patient with bad oral hygiene.

e Systemic or local conditions presenting a contraindication to implant

placement.

e Patient with multiple missing teeth.

e Patient with low bone height and width.

e Patient with periodontal disease.
Study design

Samples (40 implants and 40 surgical guides) were categorized into two groups

based on the type of 3D printer (DLP and LCD). Within each 3D printer category, they

were further divided into two groups according to the resin material (SG guide and V-

guide). Subsequently, each group was split into two subgroups based on the sealing
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of grooves on the occlusal surfaces of posterior teeth: (A) original shape (OS) and (B)

groove sealing (GS).

Surgical guide STL

40
| I
DLP printer LCD printer
20 20
| - | -
SG SG
GUIDE GUIDE
10 10
| | n
(0N GS 0S GS
5 5 5 5 5 5 5 5

Figure (1): Study design.

Preparation of the Experimental Model

A cone-beam computed tomography (CBCT) scan and an intraoral scan by (MD-
ISO300, Medit 1700, bf2203100023, made in Korea) were obtained from a patient who
presented to the Department of Prosthodontics at Mosul University Dental Clinics
with a single missing lower left first molar (tooth no. 36). The diagnostic images used
in this in vitro study were collected after obtaining informed consent and ethical
approval (Reference No.: UoM.Dent. 25/1010). Two digital designs of the surgical
guide were created. In the first design, the STL file preserved the original occlusal
anatomy of the posterior teeth, whereas in the second, the occlusal surface was
digitally sealed using Exocad 3.1 Rijeka software, as shown in Figure 2. The implant site
was virtually outlined and segmented from the same digital model to avoid any effect
of the drilling process on the final implant position and to allow easy removal of the
implant after placement for subsequent scanning (22). Finally, twenty resin casts with
sealed occlusal surfaces and twenty casts maintaining the original occlusal

morphology were fabricated using 3D printing technology. As this study was in vitro,
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CBCT and the oral scanner of one patient were enough to plan and print 40 casts for

implant placement.

Figure (2): A. STL file that had the occlusal surface of posterior teeth with groove
sealing, B. STL file that had the occlusal surface of posterior teeth with the original
shape.

Implant planning

The Digital Imaging and Communication in Medicine (DICOM) files obtained
from the CBCT scan and the Standard Tessellation Language (STL) files generated
from the intraoral scan were imported into the implant planning software and
accurately aligned using a best-fit alignment algorithm (23). The virtual implant
planning was conducted with Blue Sky Bio Plan 4 software (Blue Sky Bio, LLC, USA)
as shown in Figure 3. Taking into account both the prosthetic requirements and the
patient’s anatomical conditions, an implant of appropriate dimensions was virtually
positioned within the software environment (24). A C-TECH implant (C-TECH
Implant, Italy; Lot no. EL-6070) with a diameter of 4.3 mm and a length of 11 mm was

selected for this study.
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Figure (3): Implant planning and alignment of the implant with the crown.

Surgical guide design
The design parameters for the master surgical guide were standardized to

ensure precision and consistency. The guide was created with a wall thickness of 3
mm, an offset of 0.5 mm from the adjacent teeth, and a sleeve offset of 0.05 mm. A
guide tube with a diameter of 5.9 mm was intended for the chosen implant system,
which meant that a guide hole of 6.2 mm needed to be printed. To make it easier for
doctors to check that the seating was correct, each template had viewing windows that
were placed symmetrically, so that the guides' fit could be seen directly during
placement (25). Surgical guides were used for fully guided implant placement and
covered the whole arch.
Printing

Forty surgical guides were made and split evenly based on the 3D printing
technology. A DLP printer (Phrozen Luimi 8K, Phrozen Technology, China) made
twenty (n =20) guides, and an LCD printer (Creality HALOT-MAGE Pro 8K, Creality,
China) made another twenty (n = 20). Two separate resins were employed for each
printing technology: V-GUIDE resin (Crown for Dental and Medical Supply, USA) and
SG GUIDE resin (Senertek, Turkey; Batch No. 9342EEC). 10 samples were printed with

the first resin, and 10 samples were printed with the second resin for each printer.
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There were two design subgroups for each resin group, one for each cast design:
OS and GS. Thus, for every resin type, five (n =5) OS-design and five (n =5) GS-design
guides were fabricated, resulting in a balanced design across printer types, resin
materials, and guide designs.

Both systems used the same printing settings to make sure the comparison was
fair. The layer thickness, lifting height, lifting speed, and light-off delay were all
adjusted to 0.04 mm, 5 mm, 5 mm/s, and 1 s, respectively, for the Phrozen Luimi 8K
(DLP) and Creality HALOT-MAGE Pro 8K (LCD) printers. To help the samples stick
together better while printing, all of them had three bottom layers.

DLP and LCD technologies use different ways to project light (digital
micromirror device vs. masked LCD illumination). To make sure the selected resin
materials polymerized properly, the exposure times for both the first and second layers
were changed according to each manufacturer's instructions. This method is based on
earlier studies that looked at DLP and LCD printers for dental use. In those studies,
most of the printing settings were the same, but the exposure settings were changed
to account for differences in light intensity and projection efficiency. (23,26) After
printing, using an ultrasonic cleaning device (Digital Ultrasonic Cleaner, China), the
3D-printed surgical guides were carefully taken off the build platform and cleaned
twice in 99% isopropyl alcohol (IPA) for 5 minutes each. This was done to get rid of
any uncured resin residues. The Phrozen Post-Curing Unit (Phrozen, China) was used
to post-cure samples printed using the DLP printer (Phrozen Luimi 8K, Phrozen
Technology, China). This unit uses 405 nm LEDs to cure the samples.

The Anycubic Wash & Cure Plus machine (Anycubic, China) was used to wash
and cure the samples made using the LCD printer (Creality HALOT-MAGE Pro 8K,
China). It has a single chamber and a 405 nm LED light source. According to the
manufacturer's instructions, printed guides were air-dried for 10 minutes and then

cured for 15 minutes on each side in both systems.
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Implant placement

To make sure the fit was right, each surgical template was carefully seated onto
its corresponding master cast. A guided implant mounter with a stop-width that
connected with a ratchet connection was used to set the final position of the implant.
This made sure that the insertion depth and stability were controlled during
installation, as illustrated in Figure 4. The implants utilized in this investigation (C-
TECH Implant, Italy; Lot no. EL-6070) were held in place on the master cast with a
medium-viscosity elastomeric A-silicone material (Silginat, Kettenbach GmbH & Co.
KG, USA; Lot no. 1382611). Before further investigation, this process made sure that

each implant was correctly indexed to its cast.

Figure (4): The final implant position was achieved with the assistance of a guided
implant Mounter with a stop width that connected with a Ratchet connection.

Accuracy evaluation

To assess the precision of the final implant placement, scan bodies were affixed to
the placed implants in each printed model. This study used the EL Scan Body, which
is made of PEEK and titanium (C-TECH Implant, Italy; Lot no. EL-6070). Each model
with its attached scan body was scanned using an intraoral scanner (MD-ISO300, Medit
i700, BF2203100023; Medit Corp., Korea), generating a digital representation of the cast
and implant position. The scan body was then digitally aligned with the corresponding

library file within the software environment (11).
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An intraoral scanner was selected over an extraoral scanner because the Medit 1500
intraoral system has demonstrated higher accuracy in transferring implant positions
compared to the Rainbow extraoral scanner (27). The preoperative virtual plan and the
postoperative implant positions were superimposed (28) using Blue Sky Bio software
to assess positional deviations (29). The overall accuracy of the 3D-printed surgical
guides was analyzed following international standards and previously validated
methodologies (23,30,31).

Trueness was evaluated by measuring the linear deviation (in millimeters)
between each virtually planned implant and its corresponding actual implant position
using Blue Sky Plan software (Blue Sky Bio, USA). The printed models were
superimposed on the reference STL files through the software’s built-in alignment
function, and deviation values were calculated using a digital caliper in the software
at the selected reference points at the coronal, apical, and angular positions (11).

Six deviation metrics were recorded for each sample that represent trueness: angular
deviation (°), depth deviation (mm), horizontal coronal deviation (mm), global coronal
deviation (mm), horizontal apical deviation (mm), and global apical deviation (mm).
To find the precision, we found the standard deviation (SD) of the deviation values in
each subgroup (n = 10). A smaller SD meant that the printing process was more
repeatable when the conditions were the same. After that, we used both the mean
deviation and the SD data to evaluate the dimensional accuracy of the two printing
technologies (DLP vs. LCD), two resins (SG and V-guide), and the two occlusal guide
designs (OS vs. GS).

Statistical Analysis

Statistical analyses were performed using SPSS version 25 (IBM Corp., Armonk,
NY, USA). Descriptive statistics included the mean (M), standard deviation (SD), and
sample size (N). Multivariate analysis of variance (MANOVA) was used to evaluate
the effects of occlusal surface design, resin material, and printer type on the six

dependent variables. Univariate analyses were subsequently conducted to identify the
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specific dependent variables significantly affected by each factor. Statistical
significance was set at P < 0.05, with P <0.01 considered highly significant.
RESULTS

Table 1 shows descriptive statistics for all six parameters—angular, depth,
horizontal coronal, global coronal, horizontal apical, and global apical — for printer
type, resin type, and occlusal design.
A multivariate analysis of variance (MANOVA) was performed to investigate the
effect of printing technology (Printer), resin material (Resin), and occlusal surface
design (Occlusal) on six dependent variables indicative of implant placement
accuracy: depth deviation, angular deviation, global apical deviation, horizontal apical

deviation, global coronal deviation, and horizontal coronal deviation.

Table (1): mean deviation values (trueness) and standard deviation values (precision)
for the DLP and LCD printers, occlusal design (OS and GS), and Resins (V-GUIDE and
SG guide) across six parameters: angular deviation, depth deviation, horizontal
coronal deviation, global coronal deviation, horizontal apical deviation, and global
apical deviation.

Descriptive statistic

horizontal global horizont: global

1 h
angular - dept coronal coronal apical  apical

deviatior deviation

deviation deviation deviatior deviation

Printer Mean 1.7920  0.6000 0.4255 0.7965 0.9980  1.3865
type (trueness)
DLP N 20 20 20 20 20 20
Std. Deviati
VAl 004225 0.05749 007487  0.04452 0.05845 0.09505
(precision)
Mean 1.9825  0.6890 0.5080 0.8760 12195 15510
(trueness)
ILCD N 20 20 20 20 20 20
Std. Deviati
VAt 007078 0.05675 0.07481 0.04828 0.10169  0.09629
(precision)
Mean 1.8873  0.6445 0.4668 0.8363 1.1088  1.4688
Total N 40 40 40 40 40 40
Std. Deviati 0.11232  0.07218 008486  0.06100 0.13886 0.12593
Occlusal Mean 1.9340  0.6965 0.5330 0.8780 11820  1.5590
design (trueness)
05 N 20 20 20 20 20 20
Std. Deviati 11506 0.04913 005823 004467  0.14047 0.08879
(precision)
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Mean

1.8405
(trueness)
GS N 20
Std. ]?e.watl 0.09259
(precision)
Mean 1.8873
Total N 40
Std. Deviati 0.11232
Resin Mean 1.8830
(trueness)
V-GUIC N 20
Std. l?efvmtl 011051
(precision)
Mean 1.8915
(trueness)
SG-guid N 20
Std. ]?e.watl 011681
(precision)
Mean 1.8873
Total N 40

Std. Deviati 0.11232

0.5925
20
0.05087

0.6445
40
0.07218

0.6435
20
0.08035

0.6455
20
0.06509

0.6445
40

0.07218

0.4005
20
0.04639

0.4668
40
0.08486

0.4575
20
0.08441

0.4760
20
0.08647

0.4668
40

0.08486

0.7945
20
0.04442

0.8363
40
0.06100

0.8365
20
0.06580

0.8360
20
0.05753

0.8363
40

0.06100

1.0355
20
0.09248

1.1088
40
0.13886

1.1050
20
0.14051

1.1125
20
0.14075

1.1088
40

0.13886

1.3785
20
0.08671

1.4688
40
0.12593

1.4630
20
0.13127

1.4745
20
0.12348

1.4688
40

0.12593

N: number of specimens, OS: original shape of occlusal surface, GS: groove sealing of occlusal surface.

Table 2 shows that Wilks' Lambda was used to measure the multivariate effect. The

results showed that printer type had a statistically significant multivariate effect on the

combined dependent variables. The kind of resin did not have a multivariate influence

on the combined dependent variables. Occlusal shape exhibited a significant

multivariate effect.

Table (2) presents the multivariate analysis of variance (MANOVA) results using
Wilks” Lambda to evaluate the overall effects of printer type, Resins type, and occlusal

shape.
oy Hypothesis Error . Partial Eta
Effect Wilks' Lambda F df df Sig. Squared
Printer 0.015 301.124 6.000 27.000 0.000 0.985
Resin 0.727 1.692  6.000 27.000 0.161 0.273
Occlusal  0.015 293.729  6.000 27.000 0.000 0.985

**: highly significant at P <0.01.

The univariate tests (as in Table 3) revealed that the printer type exerted a statistically

significant influence on all six deviation measures (p <0.001 for all). The corresponding
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Partial Eta Squared (n?) values ranged from 0.794 to 0.957, showing that all parameters
had large effect sizes. The univariate analysis demonstrated that resin type
significantly influenced horizontal coronal deviation (p = 0.018), indicating a modest
impact size. There were no significant changes (p > 0.05) for angular, depth, global
coronal, horizontal apical, or global apical deviations. The univariate tests (as in Table
3) showed that the shape of the occlusal surface had a statistically significant effect on

all deviation parameters (p < 0.001).

Table (3): presents the univariate tests of between-subjects’ effects for the variable
printer type, occlusal design, and resin type on each of the six deviation parameters

variable  Deviations F-value sig Partial Eta
Squared
angular deviation 363.812 0.000**  0.919
depth deviation 196.795 0.000**  0.860
Printer horizontal coronal deviation = 123.469 0.0007*  0.794
type global coronal deviation 187.267 0.0007*  0.854
horizontal apical deviation 713.633 0.000**  0.957
global apical deviation 598.017 0.000**  0.949
angular deviation 87.642 0.000**  0.733
depth deviation 268.720 0.000**  0.894
Occlusal  horizontal coronal deviation ~ 318.481 0.000**  0.909
design global coronal deviation 206.585 0.000**  0.866
horizontal apical deviation 312.178 0.000**  0.907
global apical deviation 720.006 0.000**  0.957
angular deviation 0.724 0.401 0.022
depth deviation 0.099 0.755 0.003
Resin horizontal coronal deviation  6.209 0.018 0.162
type global coronal deviation 0.007 0.932 0.000
horizontal apical deviation 0.818 0.372 0.025
global apical deviation 2.923 0.097 0.084

**: highly significant at P < 0.01.

DISCUSSION
Possible deviations between the preoperative plan and the postoperative implant

positions require attention because they may lead to wundesirable -clinical

consequences. Deviations at the shoulder of the implant can significantly affect
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prosthetic planning, and deviations at the apex of the implant can lead to the violation
of important anatomic landmarks and perforations (32).

The null hypothesis was rejected for printer type and occlusal surface design, and
accepted for resin type.

Effect of Printer Type (DLP vs LCD)

The results indicated that the kind of printer exerted a statistically significant
multivariate effect on the combined dependent variables. This shows that the type of
3D printer (DLP or LCD) had a big impact on the overall accuracy findings, with a big
effect size (2 = 0.985). This indicates that the type of 3D printer (DLP or LCD)
significantly influenced the overall accuracy results, exhibiting a substantial effect size
(n? = 0.985). The univariate tests demonstrated that the printer type exerted a
statistically significant influence on all six deviation measures (p < 0.001 for each). The
Partial Eta Squared (n?) values, ranging from 0.794 to 0.957, indicated that all
parameters had substantial impact sizes.

The fundamental difference between DLP and LCD printers is how the light source
is set up. Using only one digital micromirror device, DLP printers show the whole
layer at once. In contrast, LCD printers employ a pixel-based mask that is illuminated
by UV LEDs, which may result in uneven light distribution and distinct curing at the
print area's edges. This increases the size and polymerization stability of the DLP
system. Because DLP printers project light precisely, they are incredibly accurate. Each
of the DMD's millions of tiny mirrors can be manipulated to direct light in a specific
direction. Because the UV projector is more powerful than LCD printers, you can
precisely control the curing process, which smooths the surfaces (26).

The results of the present investigation agree with those of Sim et al. (33), who
concluded that DLP and SLA printers were more accurate, with DLP performing better
in both linear and angular deviations. Generally speaking, DLP printers were more
accurate than LCD printers. The high-resolution LCD4s performed the best among the
LCDs. DLP 3D printers are also more accurate than LCD 3D printers, according to
Moon et al. (31) and Tsolakis et al. (34) as well.
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A mean angular deviation of 3.58° (5D =0.2), a mean vertical deviation of 0.12 mm
(SD = 0.23), a mean apical horizontal deviation of 1.41 mm (SD = 0.1), and a mean
coronal horizontal deviation of 1.12 mm (SD = 0.08) were reported by Balaguer-Marti
et al (35).

The DLP printer's mean horizontal coronal deviation in this study was 0.797 mm,
while the LCD printer was 0.876 mm. The LCD printer's mean apical horizontal
deviation was 1.220 mm, while the DLP printer was 0.998 mm. The DLP and LCD
printers had angular deviations of 1.792° and 1.983°, respectively. These values were
comparable to the findings of Dabbous et al. (36), where the mean angular, coronal,
and apical deviations were 3.1°, 0.98 mm, and 1.1 mm, respectively. Hussein et al (37)
had an average angular deviation of 2.86°- 4.26°. The average total coronal deviation
was 1.6 mm - 1.75 mm. The average total apical deviation was 1.71 mm- 1.73 mm. The
average deviations in this study fall within these ranges, which means that the printed
guides from DLP and LCD were good enough. The current findings validate that the
dimensional precision of 3D-printed surgical guides is significantly affected by the
printer type. The DLP printer's excellent accuracy and precision make it perfect for
tasks that need precise positioning, such as making surgical guides for implants. This
study disagrees with Kim et al. (38), who suggested that, for dental casts, all 3D
printers analyzed performed similarly.

Effect of resin type (SG guide and V-guide)

The type of resin did not have a big effect on the aggregated accuracy metrics, as
shown by the results of the multivariate analysis of variance (MANOVA). There was
no significant difference between the two resin groups when all types of deviation
were looked at together.

The univariate tests, on the other hand, showed a small effect size (partial n? =
0.162) and a big difference in the horizontal coronal deviation (F = 6.209, p = 0.018).
This suggests that the resin type may have influenced the coronal level lateral
precision, possibly due to slight variations in mechanical rigidity, light transmission,
or polymerization shrinkage between the two materials.
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The angle, depth, global coronal, horizontal apical, and global apical deviations
didn't alter much (p > 0.05). It demonstrates that both resins effectively preserved
precise measurements during the construction of the surgical guide, as the majority of
features are identical. These results are consistent with a recent study by Tsolakis et al.
(26), which indicated that resin material does not influence overall accuracy and
precision when similar printing processes and post-processing methods are utilized.
This study disagrees with Kefller et al. (20), who concluded that the resin material
affected the precision of 3D-printed surgical guides.

Effect of sealing Occlusal Surface

The OS group showed slightly bigger mean deviations for most of the metrics,
such as an angular deviation of 1.934° and a global apical deviation of 1.559 mm. When
compared to the GS group (1.840° and 1.378 mm, respectively), however, the
differences were quite small, which means that the precision and repeatability of
implant placement were about the same for both occlusal designs. High precision is
indicated by the small standard deviation values in both groups.

A significant multivariate effect was observed in the occlusal design. The results
of the univariate tests showed that all deviation parameters were statistically
significantly impacted by the occlusal surface's shape (p < 0.001). Angular, depth,
horizontal, and global coronal and horizontal and global apical deviations were all
significantly different. All Partial Eta Squared values (0.733-0.957) showed large effect
sizes, and the F-values ranged from 87.642 to 720.006, indicating that the shape of the
occlusal surface explained a significant amount of the variance in deviation values,
which is consistent with Lim et al (38), who concluded that taking occlusal groove
sealing into consideration before designing and manufacturing a 3D-printed surgical
guide can greatly increase its accuracy and fit. Sealing the grooves does the following;:
simplifies the anatomy and occlusal morphology of the model; simplifies the design as
the fitting surface will less corrugated features. Eventually, producing a fitting surface
via 3D printing to fit on simplified anatomy is much more predictable than on a more
detailed anatomical model (39). This study agrees with Dong et al. (21), who concluded
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that the occlusal surfaces of posterior teeth displayed greater deviations than other

regions, especially in pits and fissures.

CONCLUSIONS

Within the limitations of the current study, it is possible to conclude that:

The DLP printer was more accurate than the LCD printer, but all of the printed guides
were accurate within an acceptable range. Also, the accuracy of a surgical guide can
be increased by immediately sealing the grooves of the occlusal surface of the back
teeth before making the surgical guide. Both resins (SG guide and V-guide) had the
same level of accuracy, which means that the type of material used doesn't have a big

effect on the printing process while the same conditions are kept.

Acknowledgment: The faculty and staff of the University of Mosul/ College of Dentistry
have been tremendously helpful throughout this process, and we are very grateful to them.

Authors’ Contribution

The author Hasan RH designed the study and supervised the work. Ismael IH conducted the
experiments, collected data, performed the data analysis, and wrote the manuscript. Abduo J
contributed by providing scientific information and assisting in the study.

Ethical statement: This study was reviewed and approved by the Research Ethics Committee
of the College of Dentistry, University of Mosul (Reference No.: UoM.Dent. 25/1010). Ethical
approval was granted on November 25, 2024. The study was conducted in accordance with
the ethical guidelines and regulations of the University of Mosul, College of Dentistry.

Conflict of interest
The authors declare that there are no conflicts of interest regarding the publication of this
manuscript.

Availability of data and materials: All data generated or analyzed during this study are
included in this published article and its supplementary information files.

Declaration of Generative AI and Al-assisted technologies

The authors declare that no generative Al or Al-assisted technologies were used in the
preparation of this manuscript. The authors reviewed and edited the content as needed and
take full responsibility for the content of the publication.

357



Ismael et al. Al-Rafidain Dent ] 26(2): 342-362

REFERENCES
1. Chatzistavrianou D, Wilson PHR, Taylor P. A guide to implant dentistry. Part 2: Surgical

and prosthodontic considerations. Dent Up J. 2019;46(6):514-23. doi:
10.12968/denu.2019.46.6.514

2. Alubaidi AA, Kassab N, Mohialdeen H. Comparing between different impression
materials and techniques for the accuracy of implant position transfer. Al-Rafidain
Dent J. 2024;24(2):380-91. do0i:10.33899/rden;j.2022.136706.1177.

3. Schiinemann FH, Galarraga-Vinueza ME, Magini R, Fredel M, Silva F, Souza JCM, et al.
Zirconia surface modifications for implant dentistry. Mater Sci Eng C Mater Biol Appl.
2019; 98:1294-305. doi: 10.1016/j.msec.2019.01.062.

4. Abdulla MA, Hasan RH, Al-Hyani OH. Effects of restraint stress and surface treatments
on the stability of titanium dental implant osseointegration in dogs: An in vivo
comparative  study. ] Taibah  Univ. Med  Sci.  2024;19(3):461-72.
https://doi.org/10.1016/j.jtumed.2024.03.004.

5. Najeeb S, Zafar MS, Khurshid Z, Zohaib S, Hasan SM, Khan RS. Bisphosphonate
releasing dental implant surface coatings and osseointegration: a systematic review. J
Taibah Univ Med Sci. 2017;12(5):369-75. doi: 10.1016/j.jtumed.2017.05.007.

6. Patel V, Sadiq MS, Najeeb S, Khurshid Z, Zafar MS, Heboyan A. Effects of metformin on
the bioactivity and osseointegration of dental implants: a systematic review. ] Taibah
Univ Med Sci. 2023;18(1):196-206. Doi: 10.1016/j.jtumed.2022.07.003

7. Abdulla MA, Hasan RH, Al-Hyani OH. Impact of Er, Cr: YSGG laser, sandblast, and
acid etching surface modification on surface topography of biodental titanium
implants. ] Lasers Med Sci. 2023;14: 38. doi:10.34172/jlms.2023.38.

8. Albrektsson T, Wennerberg A. On osseointegration in relation to implant surfaces. Clin
Implant Dent Relat Res. 2019;21(51):4-7. Doi: 10.1111/cid.12742.

9. Papaspyridakos P, Chen CJ, Singh M, Weber HP, Gallucci GO. Success criteria in implant
dentistry: a systematic review. J Dent Res. 2012;91(3):242-8.
doi:10.1177/0022034511431252.

358


https://doi.org/10.1016/j.jtumed.2024.03.004
https://onlinelibrary.wiley.com/doi/abs/10.1111/cid.12742

10.

11.

12.

13.

14.

15.

16.

Ismael et al. Al-Rafidain Dent ] 26(2): 342-362

Ramaglia L, Toti P, Sbordone C, Guidetti F, Martuscelli R, Sbordone L. Implant
angulation: 2-year retrospective analysis on the influence of dental implant angle
insertion on marginal bone resorption in maxillary and mandibular osseous onlay
grafts. Clin Oral Investig. 2015;19(4):769-79. Doi: 10.1007/s00784-014-1275-5.

Abduo J, Hasan RH, Lau D. Accuracy of static computer-assisted implant placement in
narrow ridge by novice clinicians. Eur ] Dent. 2025;19(1). Doi: 10.1055/s-0045-1802949.
Jasim M, Al-Khatib A, Rajion Z. Applications of 3D printing in pediatric dentistry: a
literature review. Al-Rafidain Dent J. 2024;24(1):142-55.
Do0i:10.33899/rden;j.2024.145483.1238.

Patzelt SBM, Emmanouilidi A, Stampf S, Strub JR, Att W. Accuracy of full-arch scans
using intraoral scanners. Clin Oral Investig. 2014;18(6):1687-94. Doi: 10.1007/s00784-
013-1132-y.

Measar A, Al-Noori A. Three-dimensional accuracy of virtual casts obtained from
intraoral scanners and scannable impression for three-unit bridge. Al-Rafidain Dent J.
2023;23(1):9-24. doi: 10.33899/rdenj.2022.134547.1160.

Van Noort R. The future of dental devices is digital. Dent Mater. 2012;28(1):3-12. Doi:
10.1016/j.dental.2011.10.014.

Measar A, Al-Noori A. A comparison between virtual models obtained by intraoral
scanner and their three-dimensionally printed models. Al-Rafidain Dent J.

2023;23(1):25-36. Doi: 10.33899/rdenj.2022.135226.1180

17. Van Assche N, Quirynen M. Tolerance within a surgical guide. Clin Oral Implants Res.

18.

19.

2010; 21:455-8. Doi: 10.1111/j.1600-0501.2009.01836.x.

Semary A, Kamal MH, Katamish H, Morsy TS. Accuracy of surgical guides fabricated
using two different 3D printers for prosthetically driven implant surgery: an in-vitro
study. ] Fundam Clin Res. 2023;3(2):112-24. Doi: 10.21608/jfcr.2023.216009.1048.
Varga JR, Endre E, et al. Guidance means accuracy: a randomized clinical trial on
freehand versus guided dental implantation. Clin Oral Implants Res. 2020;31(5):417-
30. Doi: 10.1111/clr.13578.

359


https://onlinelibrary.wiley.com/doi/10.1111/j.1600-0501.2009.01836.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/clr.13578

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ismael et al. Al-Rafidain Dent ] 26(2): 342-362

Kefiler A, Dosch M, Reymus M, Folwaczny M. Influence of 3D-printing method, resin
material, and sterilization on the accuracy of virtually designed surgical implant
guides. ] Prosthet Dent. 2022;128(2):196-204. Doi: 10.1016/j.prosdent.2020.12.011.

Dong T, Wang X, Xia L, Yuan L, Ye N, Fang B. Accuracy of different tooth surfaces on
3D printed dental models: orthodontic perspective. BMC Oral Health. 2020; 20:340.
Doi: 10.1186/s12903-020-01338-6.

Herschdorfer L, Negreiros WM, Gallucci GO, Hamilton A. Comparison of the accuracy
of implants placed with CAD-CAM surgical templates manufactured with various 3D
printers: an in vitro study. ] Prosthet Dent. 2021;125(6):905-10. Doi:
10.1016/j.prosdent.2020.03.017.

Mordén-Conejo B, Berrendero S, Salido MP, Zarauz C, Pradies G. Accuracy of surgical
guides manufactured with four different 3D printers: a comparative in vitro study. |
Dent. 2024; 148:105226. Doi: 10.1016/j.jdent.2024.105226.

Lin CC, Wu CZ, Huang MS, Huang CF, Cheng HC, Wang DP. Fully digital workflow
for planning static guided implant surgery: a prospective accuracy study. ] Clin Med.
2020;9(4):980. Doi: 10.3390/jcm9040980.

Vartan N, Gath L, Olmos M, Plewe K, Vogl C, Kesting MR, et al. Accuracy of three-
dimensional computer-aided implant surgical guides: a prospective in vivo study of
the impact of template design. Dent J. 2025;13(4):150. Doi: 10.3390/jcm9040980.

Tsolakis IA, Papaioannou W, Papadopoulou E, Dalampira M, Tsolakis AI. Comparison
in terms of accuracy between DLP and LCD printing technology for dental model
printing. Dent J. 2022;10(10):181. do0i:10.3390/dj10100181.

Alubaidi AA, Kassab N, Mohialdeen H. A comparative evaluation of the accuracy
between the extraoral scanner (Rainbow) and intraoral scanner (Medit 1500) digital
impressions in vitro. Al-Rafidain Dent J. 2024;24(2):373-9.
doi:10.33899/rden;.2022.136720.1178.

Abduo ], Lau D. Accuracy of static computer-assisted implant placement in anterior

and posterior sites by clinicians new to implant dentistry: in vitro comparison of fully

360


https://pubmed.ncbi.nlm.nih.gov/33573833/
https://link.springer.com/article/10.1186/s12903-020-01338-6

Ismael et al. Al-Rafidain Dent ] 26(2): 342-362

guided, pilot-guided, and freehand protocols. Int ] Implant Dent. 2020; 6:10. Doi:
10.1186/540729-020-0205-3.

29. Abdallah S, Kaddah A, Elkhadem A. The accuracy of implant placement using opened
versus closed sleeve computer surgical guide: a split-mouth technique. Ain Shams
Dent J. 2021;22(2):112-23. do0i:10.21608/asdj.2021.62098.1022.

30. Revilla-Leon M, et al. Evaluation of the accuracy of surgical guides printed with
different 3D printing technologies. ] Prosthet Dent. 2020;124(1):96-102.

31. Moon W, Kim S, Lim BS, Park YS, Kim R], Chung SH. Dimensional accuracy evaluation
of temporary dental restorations with different 3D printing systems. Materials (Basel).
2021;14(6):1487. d0i:10.3390/ma14061487.

32. Shah NP, Khanna A, Pai AR, Sheth VH, Raut SR. An evaluation of virtually planned
and 3D-printed stereolithographic surgical guides from CBCT and digital scans: an in
vitro study. | Prosthet Dent. 2022;128(3):436—42. Doi: 10.1016/j.prosdent.2020.12.035.

33. Sim MY, et al. Dimensional accuracy and surface characteristics of complete-arch cast
manufactured by six 3D printers. Heliyon. 2024;10(10). Doi: 10.1016/j.heliyon.
2024.e30996.

34. Tsolakis IA, Lyros I, Christopoulou I, Tsolakis Al, Papadopoulos MA. Comparing the
accuracy of three different liquid crystal display printers for dental model printing.
Am ] Orthod Dentofacial Orthop. 2024;166(1):7-14. Doi: 10.1016/j.ajod0.2024.03.003.

35. Balaguer-Marti JC, Canet-Lopez A, Pefiarrocha-Diago M, Romeo-Rubio M, Pefiarrocha-
Diago M, Garcia-Mira B. Influence of splint support on the precision of static totally
guided dental implant surgery: a systematic review and network meta-analysis. Int J
Oral Maxillofac Implants. 2023; 38:157-68. Doi: 10.11607/jomi.9796.

36. Dabbous RHE, Sabet ME, Tarek H. Intraoral scan-based versus cast scan-based surgical
guides. Ain Shams Dent J. 2020;19(3):95-104. doi:10.21608/asdj.2020.140031.

37. Hussein WA, Katamish MAM, Taha MM. The use of stereolithographic surgical guides
to compare between partial versus complete limiting designs in the posterior
mandible: a randomized clinical trial and split-mouth study. Ain Shams Dent ].
2019;16(4):33—44. doi:10.21608/asdj.2019.164503.

361


https://pubmed.ncbi.nlm.nih.gov/37099571/

Ismael et al. Al-Rafidain Dent ] 26(2): 342-362

38. Kim JH, Pinhata-Baptista OH, Ayres AP, da Silva RLB, Lima JF, Urbano GS, No-Cortes
J, Vasques MT, Cortes ARG. Accuracy Comparison among 3D-Printing Technologies
to  Produce  Dental @ Models. Applied  Sciences. 2022; 12(17):8425.
https://doi.org/10.3390/app12178425.

39. Lim JH, Bayarsaikhan E, Shin SH, Nam NE, Shim ]S, Kim JE. Effects of groove sealing
of the posterior occlusal surface and offset of the internal surface on the internal fit and
accuracy of implant placements using 3D-printed surgical guides: an in vitro study.

Polymers (Basel). 2021;13(8):1236. Doi: 10.3390/polym13081236.

Lal ) Ao A8a o gllaY) avanal g gl 1) £ o3 g Slag) 500 dodal) 4ias 00

3ok S 2 Ga gilaa Glgdy, T dieland G gl gl

Gl (5 s (s st Ania B il ¢ el Al ]

Gl cdaa gall (Jea gall Aaals (i) b LS e lilaa¥) by gail) and 2

Ll il el 538 ¢ ) sl )y sl Amala QL) 0l € 3

oeidlall

o Cniline e g aladt uly dai aall dal el LSS A ) Sl pdaall Cua e ABall o 1) Al all 038 o ccdlaaY)
GE)(5) Al ol (Lal) ISl 1 LY sdaill cpilitie rasanal s ciladil i) e (e 15 calag¥) A4S Cilagllal
A5 A5 5 40 gacall Anllnall A5 e Al wladialy Uil s Saly Gl il 2 1 dard) (3l s g 3l gal) ALY 3ala Y
Al ) i A ol (il sl V-guide) s (SG guide Clabil Ll (e (e s aladiul ae Jild) JUiy S
Jaal &5 b alall Jiall JA e de 550 Gl a5 2l Laa ez saill (0 el L de ) 3 o ia o Jaladal) dilaial
e e A laladidll ey 3l i g e gl el sy il A e 22850 723 galll s s e ) M (b (scan body)
¢ SN all ol i) eg g I bl jaiV) ¢ Gardl Bl jadl o8 g e )l a9 A8y Jiad DLWl G alddie] &5 ladll de ) 3))
saxia bl Jalai s 4s o ol el a6l gl o5 88Y) JLISY) Cal iV ¢ JISH LISY) Gl jad) o &Y 2l Cal iy
onleall aen e B 4 e 8l el 5 il jail e gia GS Ae sanas DLP daulb de gane < jedal giliil) <l pusciall
(Wilks” Lambda = 0.015, p<0.001, Partial n2 = &laas) A0¥a 53 & jriall axie il dadall ¢ il S, Aulaal)

(Wilks” A = 0.727, i gl LS diadine alal) Sl il e i piial) saaie 1580 sedad o8 i )l ¢ 58 Ll 0.985).

(Wilks’ Lambda = 0.015, dl—as) Y2 13 &l jial) aaxie 1585  Suby) mha ol JS 3 selal L p = 0.161).

aes o Plan) (s sine 5l Legd OIS BLLY) ol <3 5 dadlall £ 55 o i) Bala ) @l JLsaY) @idiS 5 p<0.001).
(p 8 ISY) Gl ai¥) e dadh G gina 1580 edal il g 5 o s (8 Ylemaand (p < 0.00T dimad) B oY) ulas

Al BME) IR (e ol all Jlall 28330 ) ¢S WS LCDAss (e 483 ST DLP dailh cilS claliii w) = 0.018).
V-guide s SG 8 o A8all 8 Al jekaals oal pall dall gl J 5 il kY hadl

2l 58 il sl (LCD sl (DLP dxilla sdgalibal) cilall)

362



