
CLINICAL RESEARCH 

Accuracy comparison of 3D printed tooth-supported implant 
surgical guides: A prospective observational clinical study

Alireza Rezaei, DDS,a Farnoush Fotovat, DDS, MSD,b Ali Heidari, DDS, MSD,c Zahra Khayami, DDS, MSD,d

Zahra Khalafi, DDS, MSD,e and Loghman Rezaei-Soufi, DDS, MSDf

Implant-supported prostheses 
have been a well-established 
and reliable method of replacing 
missing teeth, with demand in
creasing in both younger and 
older populations because of 
factors such as systemic dis
eases, poor oral hygiene, dietary 
changes, and irregular dental 
visits.1 However, implant place
ment is sensitive, and improper 
positioning can lead to compli
cations such as damage to sur
rounding structures, esthetic 
issues, inflammation, and even 
implant failure.2 Consequently, 
accurate examination and treat
ment planning are crucial for 
successful outcomes.3 Advances 
in static computer-aided im
plant surgery (sCAIS) have sig
nificantly improved the 
precision of implant placement.4

sCAIS uses 3D data from cone beam computed tomo
graphy (CBCT), surface scanning, computer-aided design 
and computer-aided manufacturing (CAD-CAM), and di
gital 3-dimensional (3D) printing. With this technology, 
clinicians can virtually plan an implant to meet prosthetic                        

needs while ensuring proper orientation and avoiding da
mage to vital structures like nerves and blood vessels.5,6

Three-dimensional printing has revolutionized im
plant surgery by enabling the design and production of 
surgical guides that regulate implant position, angle, and 
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ABSTRACT 
Statement of problem. Implant-supported prostheses provide a reliable method of replacing missing 
teeth. To avoid complications, their accurate placement is critical. Advances in static computer-aided 
implant surgery (sCAIS), which uses 3-dimensional (3D) imaging and printing, have improved implant 
placement accuracy. However, whether the location of supporting teeth (anterior versus posterior; 
maxilla versus mandible) influences accuracy has not been fully explored.

Purpose. The purpose of this prospective observational clinical study was to assess the accuracy 
of 3D printed, tooth-supported implant surgical guides in both the anterior and posterior regions 
of the maxilla and mandible.

Material and methods. A total of 67 participants (116 implants) were included, with 
preoperative cone beam computed tomography (CBCT) and intraoral scans used to plan 
implant positions. Printed surgical guides were used for implant placement, and deviations 
(entrance, apical, depth, and angular) were measured postoperatively. Implant deviations were 
analyzed using mixed-effects models with patient intercepts and Holm–Bonferroni–adjusted tests.

Results. No significant differences in accuracy were found between the anterior and posterior 
regions or between the maxilla and mandible (P>.05). The mean deviations were similar across 
entrance, apical, depth, and angular parameters. Apical deviation exhibited the highest inaccuracy, 
while depth deviation showed the least variation across all regions. The maxilla showed the most 
notable deviation in the mesiobuccal direction and the least deviation in the mesiolingual 
direction (P=.029), while other regions showed no statistically significant differences (P>.05).

Conclusions. Printed, tooth-supported implant surgical guides demonstrated high accuracy across all 
regions, with apical deviation as the main source of inaccuracy. (J Prosthet Dent 2026;136:127-135)
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drilling path.7 These guides have been based on the 
patient’s bone, mucosa, and teeth.8,9 By providing a 
more comprehensive 3D visualization of the bone and 
surrounding tissues before surgery, these guides not 
only facilitate precise implant placement but also reduce 
treatment time, recovery time, and postoperative pain.10

Several factors, including the fixation stability, guide 
type, and implant insertion technique, can influence the 
accuracy of sCAIS.11,12 The location of the supporting 
teeth, whether in the anterior or posterior region and 
whether in the maxilla or mandible, is an often over
looked factor influencing accuracy. A few prior studies 
have examined the accuracy of sCAIS,13–15 with some 
specifically comparing the accuracy of sCAIS across 
different regions.16–22 However, further investigation 
into this topic remains necessary to enhance under
standing and optimize clinical outcomes.

Accuracy includes both trueness and precision, as 
specified by the International Organization for 
Standardization (ISO) 5725–1:2023 standard.23 Trueness 
refers to the deviation between the actual postoperative 
implant position and the planned preoperative location, 
while precision refers to the consistency of implant 
placement in repeated tests. While accuracy typically 
refers to trueness in clinical studies, both trueness and 
precision have been commonly assessed in laboratory 
experiments.23 This study focused primarily on evalu
ating trueness, with indicators such as coronal deviation, 
apical deviation, depth or vertical deviation, and angular 
deviation.

The aim of this study was to evaluate the accuracy of 
printed, tooth-supported implant surgical guides in the 
anterior and posterior regions of the maxilla and 
mandible. The null hypotheses were that no significant 

differences would be found in the accuracy of printed, 
tooth-supported implant surgical guides between the 
anterior and posterior regions and between the maxilla 
and mandible.

MATERIAL AND METHODS

This prospective observational clinical study was approved 
by the Research Ethics Committees of Hamadan University 
of Medical Sciences (IR.UMSHA.REC.1402.559) and regis
tered at the Iranian Registry of Clinical Trials 
(IRCT20240223061089N1). All participants gave their in
formed consent after being informed about the procedure 
and the study. Individuals were eligible for inclusion if they 
were at least 18 years of age, had 1 to 3 missing teeth in the 
edentulous area, and presented with sufficient bone quality 
and quantity to allow for the placement of implants with a 
diameter of at least 3.5 mm and a length of at least 8.5 mm. 
Additionally, tooth extractions had to be completed at least 
3 months before enrollment, and patients were required to 
be classified as American Society of Anesthesiologists (ASA) 
Class I or II in terms of medical status. Patients were ex
cluded if they were pregnant, heavy smokers (≥20 pack-year 
smoking history), or required bone augmentation or sinus 
lift procedures. Those with physical or psychological con
ditions that could interfere with implant surgery were also 
excluded, including individuals undergoing radiotherapy or 
chemotherapy or those receiving bisphosphonate treatment. 
Other exclusion criteria included the presence of un
controlled systemic diseases and limited mouth opening, 
which would have prevented the use of a surgical guide, as 
detailed in Table 1. As a prospective clinical study that in
cluded all consecutive patients meeting the inclusion cri
teria, no a priori sample size calculation was performed. 
Post hoc power analysis, based on the observed differences, 
indicated an achieved statistical power of approximately 0.53 
for anterior-posterior entrance deviations and 0.59 for 
maxillary–mandibular depth deviations (α=.05), suggesting 
limited sensitivity to detect small to moderate effect sizes. 
An estimated sample size of approximately 140 implants per 
group would be required to attain 80% power for com
parable analyses.

After initial clinical screening, preoperative cone beam 
computed tomography (CBCT) scans (3D Accuitomo; 

Table 1. Inclusion and exclusion criteria 

Inclusion Criteria Exclusion Criteria

18 years old and older Pregnant women
1 to 3 missing teeth in each edentulous area Heavy smokers (≥20 pack-year smoking history)
Sufficient bone quality and quantity to insert an implant of  
≥Ø3.5 mm and ≥8.5 mm in length

Patients requiring bone augmentation or sinus lift

Extractions performed at least 3 months earlier Physical or psychological disorders prohibiting implant surgery: patients undergoing 
radiotherapy or chemotherapy, receiving bisphosphonates

Stable medical condition to undergo implant surgery (ASA 1 or 2) Uncontrolled systemic disease
Limited mouth opening (impossibility of using surgical guide)

ASA, American Society of Anesthesiologists.

Clinical Implications 
Three-dimensionally printed, tooth-supported 
surgical guides were found to provide consistent 
and reliable accuracy for implant placement in all 
jaw regions. Greater apical deviation highlighted 
the need for careful planning, but, overall, these 
guides enabled safe and precise implant surgery 
across various clinical situations.
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Morita) were carried out to verify the presence of sufficient 
bone volume for implant insertion without the need for 
bone augmentation. The CBCT scans were performed with 
the following settings: 90 kVp, 5 mA, 18 seconds, 
0.25×0.25×0.25-mm voxel size, 8×8-cm FOV (medium field 
of view), with the patient’s Camper plane (ala-tragus) par
allel to the horizontal plane. The data were converted into 
Digital Imaging and Communications in Medicine (DICOM 
or DCM) format. Surface scanning was performed using an 
intraoral scanner (TRIOS 4; 3Shape A/S). The DCM file 
from the CBCT examination and the standard tessellation 
language (STL) file from the intraoral surface scan were 
imported and merged in a software program (3Shape 
Implant Studio; 3Shape A/S). A single qualified surgeon 
(A.R.) performed all virtual implant planning. The prosthesis 
design and the determination of the surrounding anatomic 
structures were completed in the software program to de
termine implant length, diameter, and optimal position. The 
surgical guides were fabricated with a Formlabs 2 
Stereolithography (SLA) printer and a biocompatible resin 
material (Dental SG; Formlabs). A material thickness of 
3 mm and a guide-to-teeth offset of 0.15 mm were used for 
all guides. All laboratory processes were performed by a 
single standardized dental laboratory. All guides were 
tooth-supported and designed without metallic sleeves. The 
insertion bore was matched to the drill-shank diameter, 
providing both lateral guidance and depth control 
throughout the drilling sequence, thereby eliminating slee
ve–bur clearance (Figs. 1 and 2).

One experienced surgeon (A.R.) inserted 116 bone- 
level implants (Ø3.5 to 4.5×8.5 to 13 mm) (AnyOne; 

MegaGen) in 67 patients using flapless, minimally in
vasive techniques under local anesthesia (2% lidocaine 
with epinephrine). Resonance frequency analysis (RFA), 
assessed as the implant stability quotient (ISQ), inser
tion torques were measured, and healing abutments 
were placed. A mouthwash solution (0.2% chlorhexidine 
twice a day for 2 weeks), antibiotic (1 g amoxicillin twice 
a day for 5 days), and analgesic (400 mg ibuprofen, 1 to 4 
times a day as needed) were prescribed after surgery.

Implant placement accuracy was assessed using 2 
DCM-format files: the preoperative planned position 
and the postoperative position with scan bodies in place. 
Both scans were captured using an intraoral scanner 
(TRIOS 4; 3Shape A/S), and a software program (3Shape 
Dental System; 3Shape A/S) was used to compare the 
planned and actual implant positions, quantifying pla
cement accuracy. Four deviation parameters between 
the planned and placed implant positions were eval
uated. The global entrance deviation is the linear dis
tance between the coronal centers of the planned and 
placed implants. The global apical deviation is the linear 
distance between the apical centers of the planned and 
placed implants. The depth deviation is the vertical 
distance between the apical centers of the planned and 
placed implants. Positive values (+) indicate deeper 
positions, while negative values (−) indicate shallower 
positions. The angular deviation is the angle formed by 
the long axes of the planned and placed implants 
(Fig. 3). For standardization, apical deviations were 
measured at 8 mm from the entrance, despite implant 
lengths ranging from 8.5 to 13.5 mm. Figures 4 and 5

Figure 1. Implant placement with surgical guide in anterior region.
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illustrate deviations in the anterior and posterior re
gions, respectively, using a software program (3Shape 
Dental System; 3Shape A/S).

Given that some patients received multiple implants, 
mixed-effects models with a patient-level random in
tercept were applied to account for within-patient cor
relations when comparing anterior versus posterior and 
maxilla versus mandible for entrance, depth, and an
gular deviations. To account for the potential non
independence of measurements arising from multiple 
implants placed in the same patient, all implant-level 
comparisons were analyzed using linear mixed-effects 
models with patient as a random intercept. Fixed effects 

Figure 2. Implant placement with surgical guide in posterior region.
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Figure 3. Definition of deviation types between placed and planned 
implant: A, Global entrance (coronal) deviation. B, Global apical 
deviation. C, Depth deviation. D, Horizontal entrance (coronal) 
deviation. E, Horizontal apical deviation. θ, Angular deviation.

Figure 4. Measuring the amount of error in the anterior region in the 
3Shape dental system software program.
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included region (anterior and posterior) and jaw (maxilla 
and mandible), as appropriate for each comparison. 
Model residuals were inspected to confirm normality 
and homoscedasticity. P values were obtained using the 
Satterthwaite approximation for degrees of freedom, and 
a Holm-Bonferroni correction was applied across the set 
of comparisons to control the family-wise error rate. To 
assess the normality of the data distribution for direction 
of implant deviation in entrance and apex, between 
planned and actual implant positions, both the Shapiro- 
Wilk and Kolmogorov-Smirnov tests were applied. In 
cases of disagreement between the 2 tests, the Shapiro- 
Wilk test was prioritized. For normally distributed data, 
parametric tests such as analysis of variance (ANOVA) 
were used, whereas nonnormally distributed data were 
analyzed using nonparametric methods, including the 
Kruskal-Wallis test. Descriptive data are presented as 
mean ±standard deviation (SD) (α=.05 after correction). 
Analyses were performed in a statistical software pro
gram (IBM SPSS Statistics for Windows. v23.0; IBM 
Corp and R v4.3.2 lme4 and lmerTest packages; The R 
Project for Statistical Computing).

RESULTS

A total of 67 participants (31 women and 36 men; age 31 
to 62 years) received 116 bone-level implants in eden
tulous regions using a printed surgical guide. After the 
Holm-Bonferroni correction, the mean entrance devia
tion was statistically similar in the anterior and in the 
posterior region (0.50 ±0.41 mm and 0.37 ±0.25 mm) 
(P>.05). Similarly, no substantial variations were noted 
(P>.05) between anterior and posterior implants re
garding apical (0.74 ±0.41 mm and 0.67 ±0.32 mm, 
P=.244), depth (0.42 ±0.55 mm and 0.29 ±0.49 mm, 
P=.255), or angular deviation (1.90 ±1.52 and 1.83 ±1.67 
degrees, P=.573). A post hoc power analysis indicated 
limited sensitivity: power was approximately 0.53 
(Cohen d approximately 0.38) for entrance deviation 
between anterior and posterior regions, and approxi
mately 0.59 (Cohen d approximately 0.45) for depth 
deviation between maxilla and mandible. These values 
suggest that nonsignificant findings should be inter
preted cautiously. The mean entrance deviation was 0.44 
±0.37 mm in the maxilla and 0.42 ±0.25 mm in the 
mandible (P=.764). Apical deviation was 0.71 ±0.40 mm 
and 0.69 ±0.26 mm, respectively (P=.669). Depth de
viation was greater in the maxilla (0.42 ±0.53 mm) than 
in the mandible (0.19 ±0.47 mm), reaching significance 
in the mixed-effects model (P=.025) but not after the 
Holm-Bonferroni correction (P=.198). Angular deviation 
showed no difference between the maxilla (1.85 ±1.59 
degrees) and mandible (1.91 ±1.62 degrees) (P=.904). 
Overall, no significant interarch differences were found 
(Table 2). In addition, more positive values (indicating 
deeper implant positions) were observed for depth de
viation across all regions. In all regions, the depth de
viations were lowest, while apical deviations showed the 
highest values between linear deviations (Fig. 6). Di
rectional deviations in entrance and apex were com
pared (Table 3). In the maxilla, both entrance and apical 
deviations showed significant variation (P=.029). The 
greatest entrance deviation occurred in the mesiobuccal 
(MB) direction, and the smallest in the mesiolingual 
(ML) direction. At the apex, the largest deviation was 
also in the MB direction and the smallest in the ML 
direction. In the mandible, deviations were not sig
nificantly different (P>.05). Similar directional variations 
were observed in the anterior and posterior regions and 
were not statistically significant (P>.05).

DISCUSSION

Using implant surgical guides has been reported to sig
nificantly improve the accuracy and predictability of dental 
implant placement by ensuring precise positioning relative 
to adjacent teeth and anatomic structures.5 Nonetheless, 
errors may still arise at various stages of the digital 

Figure 5. Measuring the amount of error in the posterior region in the 
3Shape dental system software program.
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Table 2. Mean ±standard deviation values for entrance, apical, depth, and angular deviation between planned and actual implant positions in 
anterior versus posterior, maxilla versus mandible 

Area Entrance 
Deviation (mm)

P * 
P **

Apical 
Deviation (mm)

P * 
P **

Depth 
Deviation (mm)

P * 
P **

Angular Deviation 
(Degrees)

P * 
P **

Anterior (N=58) 0.50 ±0.41 .041 
.284

0.74 ±0.41 .244 
>.999

0.42 ±0.55 .255 
>.999

1.90 ±1.52 .573 
>.999Posterior (N=58) 0.37 ±0.25 0.67 ±0.32 0.29 ±0.49 1.83 ±1.67

Maxilla (N=82) 0.44 ±0.37 .764 
>.999

0.71 ±0.40 .669 
>.999

0.42 ±0.53 .025 
.198

1.85 ±1.59 .904 
>.999Mandible (N=34) 0.42 ±0.25 0.69 ±0.26 0.19 ±0.47 1.91 ±1.62

* Analysis carried out using mixed-effect model.
** Analysis carried out using Holm-Bonferroni Method.
Bold values indicate statistically significant differences between groups (P<.05).
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Figure 6. Difference between 4 areas of entrance, apex, angle, and depth. A. Between anterior and posterior groups. B, Between maxilla and 
mandible groups.
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workflow, including intraoral scanning, 3D radiographic 
imaging, implant planning software programs, and 3D 
printing. In the current study, from the highest deviation 
to the lowest, the global apical, global entrance, and depth 
deviations between the actual and the planned implant 
positions in the anterior zone were 0.74 ±0.41 mm, 0.50 
±0.41 mm, and 0.42 ±0.55 mm, and in the posterior zone 
were 0.67 ±0.32 mm, 0.37 ±0.25 mm, and 0.29 ±0.49 mm 
on average. Also, the angular deviation in the anterior 
zone was 1.90 ±1.52 degrees, and, in the posterior zone, it 
was 1.83 ±1.67 degrees on average. In terms of deviation 
values for direction, implant deviations were most sig
nificant in the maxilla, with the largest in the MB direction 
and the smallest in the ML direction (P<.05). Deviations in 
the mandible, anterior, and posterior regions were smaller 
and not statistically significant (P>.05).

The null hypothesis that no significant difference in 
the accuracy of printed tooth-supported implant surgical 
guides would be found between the anterior and pos
terior zones was not rejected, as the differences were 
statistically similar. The null hypothesis that no sig
nificant difference would exist in the accuracy of printed 
tooth-supported implant surgical guides between the 
maxilla and mandible was also not rejected. No sig
nificant differences were found in angular, apical, depth, 
or coronal deviations between the 2 jaws. Derksen 
et al16 reported that factors like jaw type, flap design, 
and implant diameter did not significantly influence the 
accuracy of tooth-supported drill guides. Similarly, 
Huang et al13 reported no significant differences be
tween the maxilla and mandible in entrance, apical, and 
angular deviations, except for a slightly greater depth 
deviation in the maxilla, which was likely because the 
surgeon used A torque wrench after guide removal. 
Moreover, a review by Zhou et al12 found no significant 
difference in linear deviations between the 2 jaws, al
though some studies, such as those by Ozan et al17 and 

Cristache et al,18 have suggested that mandibular sur
gical guides exhibit higher accuracy. In addition, Vasak 
et al19 reported lower deviations in the mandible com
pared with those in the maxilla, specifically in the me
siodistal direction. However, their study used a different 
template-guided implantation system and had a smaller 
sample size of 86 implants. Lin et al20 also reported 
statistically significant differences in apical deviation 
between the maxilla and mandible, which may have 
been influenced by different study designs.

However, a few studies reported more accuracy in 
maxillary surgical guides. Cassetta et al21 indicated lower 
deviation for maxillary implant placement, but only in the 
mesiodistal direction. The type of surgical guide used in 
this study was mucosa-supported, which might explain the 
difference in results compared with those of the current 
study. Similarly, Cunha et al22 reported greater angular, 
central, and coronal deviations in mandibular implants. 
The authors attributed their findings to reduced guide 
stability over the mandible due to limited contact area with 
the guide. Their study involved completely edentulous 
patients using complete dentures as surgical guides, which 
may explain the differences with the present study.

Based on the accuracy outcomes in the current eva
luation, implant deviations ranked as follows: apical de
viation was highest, likely because of bone density 
variations and anatomic constraints; entrance deviation 
was moderate, influenced by drill angulation and guide 
stability; and depth deviation was lowest, possibly be
cause, as long as the guide remains stable, depth accuracy 
can often be achieved with minimal deviation. The in
accuracies in depth deviations resulted in implants being 
placed deeper than intended. Surgeons may deliberately 
place implants deeper to ensure secure anchorage within 
the bone. Ngamprasertkit et al24 suggested that limited 
drilling length and surrounding reference points, such as 
the cementoenamel junction (CEJ) level of adjacent teeth 

Table 3. Mean ±standard deviation values for direction of implant deviation in entrance and apex, between planned and actual implant positions 

Area Entrance Deviation (mm) P Apical Deviation (mm) P

Anterior (N=58) MB (N=26): 0.57 ±0.087 
ML (N=7): 0.27 ±0.056 
DB (N=16): 0.51 ±0.102 
DL (N=9): 0.44 ±0.143

.394** MB (N=30): 0.79 ±0.076 
ML (N=3): 0.42 ±0.109 
DB (N=17): 0.74 ±0.100 
DL (N=8): 0.69 ±0.154

.491*

Posterior (N=58) MB (N=19): 0.39 ±0.054 
ML (N=16): 0.33 ±0.077 
DB (N=10): 0.38 ±0.059 
DL (N=13): 0.39 ±0.77

.923* MB (N=20): 0.75 ±0.063 
ML (N=15): 0.55 ±0.067 
DB (N=14): 0.78 ±0.088 
DL (N=9): 0.51 ±0.144

.071*

Maxilla (N=82) MB (N=34): 0.54 ±0.071 
ML (N=12): 0.20 ±0.040 
DB (N=20): 0.46 ±0.082 
DL (N=16): 0.38 ±0.092

.029** MB (N=38): 0.79 ±0.063 
ML (N=8): 0.36 ±0.071 
DB (N=23): 0.78 ±0.081 
DL (N=13): 0.60 ±0.135

.029*

Mandible (N=34) MB (N=11): 0.36 ±0.542 
ML (N=11): 0.43 ±0.098 
DB (N=7): 0.43 ±0.093 
DL (N=5): 0.55 ±0.115

.594* MB (N=12): 0.74 ±0.088 
ML (N=10): 0.66 ±0.062 
DB (N=7): 0.64 ±0.134 
DL (N=5): 0.66 ±0.082

.845*

DB, distobuccal; DL, distolingual; MB, mesiobuccal; ML, mesiolingual.
* Statistical analysis conducted using ANOVA.
** Statistical analysis conducted using Kruskal-Wallis.
Bold values indicate statistically significant differences between groups (P<.05).
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or bone level at the surgical site, could be used as re
ference points for the implant insertion stop. Hence, 
determining and predicting depth is often precise. These 
findings were consistent with those of several studies. 
Huang et al13 reported that the mean deviations for 
apical, coronal, depth, and angular positions in the 
anterior zone were 1.13 ±0.39 mm, 0.86 ±0.33 mm, 0.41 
±0.66 mm, and 3.32 ±1.65 degrees, respectively. Ac
cording to Feng et al,14 the mean global entrance and 
apical deviations in sCAIS for immediate implant place
ment were 0.99 ±0.63 mm and 1.50 ±0.75 mm, respec
tively, with an angular deviation of 3.07 ±2.18 degrees.

While the exact values may vary between studies, the 
relative order of deviations remains consistent. In vitro and 
cadaveric studies have tended to report higher accuracy 
associated with better visibility, while clinical situations 
may reduce accuracy because of patient-related factors. 
Variations also result from the lack of standardized eva
luation methods, with some studies measuring global 
distance and others focusing on horizontal deviations. 
Previous systematic reviews by Shi et al25 and Tahmaseb 
et al4 have reported mean linear deviations below 2 mm 
and angular deviations within 5 to 8 degrees. In most 
clinical situations, the accuracy of sCAIS falls within an 
acceptable range, with a safety margin of at least 2 mm 
being necessary. The measured deviations in the current 
study were within commonly accepted clinical limits for 
guided implant placement (<2 mm safety margin and 
angular errors below commonly cited limits), supporting 
the clinical safety of the printed, tooth-supported guides 
used. Moreover, a stereolithography apparatus (SLA) 3D 
printer was used for surgical guide fabrication. Previous 
studies8,9 have reported that SLA, digital light processing 
(DLP), and photopolymer jetting (PolyJet) technologies 
provide clinically acceptable accuracy and better guide 
seating than other methods.

Limitations of the study included that factors influ
encing guided implant accuracy, including alternative 
printing technologies, manufacturing parameters, dif
ferent guide designs, and patient-related variables, were 
not evaluated. These unassessed elements highlight the 
need for future research to investigate their impact so 
that more comprehensive guidelines for predictable 
clinical outcomes can be established.

CONCLUSIONS

Based on the findings of this prospective observational 
clinical study, the following conclusions were drawn: 

1. No significant difference in the accuracy of printed 
tooth-supported implant surgical guides was found 
between the anterior and posterior areas.

2. No significant difference in accuracy was found 
between the maxilla and mandible.

3. The maxilla exhibited the greatest deviation in the 
MB direction and the smallest in the ML direction, 
whereas other regions showed no significant dif
ferences.

PATIENT CONSENT

Informed consent was obtained from all participants 
and/or their legal guardian(s) for participation in the 
study. All methods were carried out in accordance with 
the Declaration of Helsinki.
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