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PURPOSE. This study evaluated the reliability of the chair-side CAD-CAM surgical 
guide (CSG) in the anterior maxilla by comparing its accuracy with the laboratory 
3D-printed surgical guide (3DSG) and manual surgical guide (MSG) concerning 
different levels of dentists' surgical experience. MATERIALS AND METHODS. 
Ten surgical guides of each type (MSG, 3DSG, and CSG) were fabricated on a 
control study model with missing right and left central incisors. Sixty implants 
were placed in 30 study models by two dentists (one inexperienced and one 
experienced) using three different types of surgical guides. Horizontal deviations 
at shoulder and at apex, vertical, and angular deviations were measured after 
superimposing the planned and placed implant positions in the software. 
Kruskal-Wallis and Mann-Whitney U tests were used to compare the accuracy 
of three types of surgical guides in each dentist group and the accuracy of each 
surgical guide between two dentists (α = .05). RESULTS. There were no significant 
differences in any deviations between CSG and 3DSG, apart from angular 
deviation, for both dentists’ groups. Moreover, both CSG and 3DSG showed no 
significant differences in accuracy between the two dentists (P > .05). In contrast, 
MSG demonstrated significant differences from CSG and 3DSG and a significant 
difference in accuracy between the two dentists (P < .05). CONCLUSION. CSG 
provides superior accuracy to MSG in implant placement in the maxillary anterior 
region and is comparable to 3DSG at different levels of surgical experience, while 
offering the benefits of shorter manufacturing time and reduced patient visits. [J 
Adv Prosthodont 2023;15:259-70]
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INTRODUCTION

Dental implant has undergone significant advances 
and is now considered a routine dental procedure for 
the rehabilitation of edentulous areas.1,2 Proper posi-
tioning of implants in three dimensions is crucial for 
the long-term success of implants. Ideal implant posi-
tioning facilitates a highly esthetic prosthesis design, 
allows proper oral hygiene, and generates a favorable 
occlusal load.3-6 This is particularly important in the 
maxillary anterior esthetic region, where patient ex-
pectations of esthetic outcomes are high.4 

Top-down7 or restoration-driven approach8 is an ef-
fective method to achieve an ideal implant position. 
It involves designing the appropriate prosthesis first 
based on factors such as esthetics, functional occlu-
sion, and oral hygiene, and subsequently placing im-
plants according to this prosthesis design.7-9

Implant surgical guides play a pivotal role in the 
restoration-driven approach by transferring the in-
tended implant positions, which are based on the de-
sired prosthesis designs, to the surgical site.10 In the 
1980s, manually fabricated surgical guides were ini-
tially developed.11-14 However, manual surgical guides 
offer only a limited guarantee for the initial pilot drill 
and can lead to significant three-dimensional devia-
tions.10,15

In recent years, computer-assisted surgical guides 
have advanced alongside the development of tech-
nology, such as cone beam computed tomography 
(CBCT), and computer-aided design and comput-
er-aided manufacturing (CAD-CAM) systems.16,17 In the 
CAD-CAM surgical guide system, the most appropri-
ate implant position, considering prosthetic and an-
atomical factors, can be virtually planned in implant 
planning software, and the CAD-CAM surgical guide 
is fabricated using additive 3D printing or subtrac-
tive milling methods to transfer predetermined vir-
tual implant positions to the surgical site.18-21 These 
CAD-CAM surgical guides can provide precise implant 
positioning and reduce the need for extensive experi-
ence.22,23 

However, the fabrication of CAD-CAM surgical 
guides is time-consuming and involves several intri-
cate steps. These steps include model scanning or 
intraoral scanning, CBCT imaging, implant position 

planning using implant planning software, communi-
cation with laboratory staff, and the production, pol-
ishing, and finishing of the surgical guides. Because 
it requires a lengthy diagnostic, planning, and fabri-
cation procedures, taking up to 45% more time than 
manually fabricated surgical guides, a single patient 
visit is insufficient for computer-assisted implant sur-
gery.24

To address this issue, a novel chairside CAD-CAM 
surgical guide (CSG) system called VARO Guide (VARO 
Guide®, NeoBiotech, Seoul, Korea) has been intro-
duced. The “Pre-Guide” (NeoBiotech, Seoul, Korea), 
a prefabricated resin tray containing light-cured com-
posite resin, is a key feature of this surgical guide sys-
tem. The “Pre-Guide” serves multiple functions, such 
as recording the edentulous and surrounding areas, 
acting as a radiographic stent during CBCT imaging, 
and ultimately transforming into a static CAD-CAM 
surgical guide after planning the implant position us-
ing VARO Plan software (NeoBiotech, Seoul, Korea) 
and milling it with a VARO milling machine (NeoBio-
tech, Seoul, Korea). Due to its innovative manufactur-
ing design, all procedures of implant planning, surgi-
cal guide production, and computer-assisted implant 
surgery can be completed in the dental office during a 
single visit without requiring optical scanning or lab-
oratory work.25,26

To the best of our knowledge, studies are still scarce 
that demonstrate how the accuracy and experience 
demands of this chair-side CAD-CAM surgical guide 
compare to those of other CAD-CAM surgical guides.26 
Therefore, this study aimed to evaluate the reliabili-
ty of the CAD-CAM CSG by comparing the accuracy of 
the CSG with a laboratory 3D-printed surgical guide 
(3DSG) and a manual surgical guide (MSG) in the max-
illary anterior esthetic region concerning the differ-
ent levels of dental implant surgical experience of 
dentists. The null hypothesis was that the accuracy of 
implant placement using MSG, 3DSG, and CSG would 
not differ significantly, irrespective of the dentist’s 
level of experience.

MATERIALS AND METHODS

Two dentists, one with more than 15 years of experi-
ence in implant surgery and the other with no experi-

https://doi.org/10.4047/jap.2023.15.5.259



https://jap.or.kr 261

ence after graduating from dental school, participat-
ed in the study.

A partially edentulous maxillary stone model with 
adequate bone width and height but missing the right 
and left central incisors was scanned using an extra-
oral laboratory scanner (MEDIT T710; MEDIT Corp., 
Seoul, Korea). Subsequently, 31 resin study models 
were printed by using a professional Liquid Crystal 
Display (LCD) 3D printer (Ka:rv LP 550; Shinwon Den-
tal, Seoul, Korea) with an ivory-colored 3D printing 
resin (Ka:rv Model Resin; Shinwon Dental, Seoul, Ko-
rea). The study models were created to mimic the 
characteristics of D2 bone, which includes porous 
cortical and coarse trabecular bone, according to the 
Misch’s bone density classification27 in the edentu-
lous area (Fig. 1).

One study model was used as a control model, in 
which three different types of surgical guides were 
fabricated. The remaining 30 models were used as 
experimental models for implant placement and ran-
domly divided into six groups (Fig. 2). 

A radiographic stent was made using clear acrylic 
resin. Radiopaque markers were placed using 1 mm 
diameter gutta percha balls so that the images could 
be superimposed afterwards. After placing the radio-
graphic stent on the control model, CBCT was per-
formed using a CBCT scanner (Carestream CS 9600; 
Carestream dental, Atlanta, GA, USA) with parameters 
of 5 mA and 120 kVp, 12 s exposure time, 160 × 100 
field of view (FOV), 0.3 mm voxel size, and stored as a 
Digital Imaging and Communications in Medicine (DI-
COM) file.

Fig. 1. 3D-printed study models. (A) and (B) 3D-printed resin models. (C) Cross-sectional CBCT image of resin model.

A B C

Fig. 2. Distribution of the experimental models.

3D experimental study models

Manual surgical guide 
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3D-printed surgical guide 
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The control model was scanned using the same ex-
traoral laboratory 3D scanner (MEDIT T710; MEDIT 
Corp., Seoul, Korea), and stored as a Standard Tessel-
lation Language (STL) file.

CBCT and 3D scan data of the control model were 
loaded into the DentiqGuide planning software (Den-
tiqGuide, v.1.3.05; 3DII, Seoul, Korea), and ideal posi-
tions of implants were planned. It was used not only 
for the fabrication of CAD-CAM surgical guides, but 
also for later measurements of deviations.

In order to fabricate MSGs, the missing central in-
cisors were waxed up on the control model. Then, 
MSGs were fabricated using a 1.5 mm thickness clear 
thermo-plastic gasket (Easy-VAC GASKET; 3A MEDES, 
Seoul, Korea) with a Drufomat Te thermoforming unit 
(Dreve Dentamid GmbH, Unna, Germany). Drill holes 
were created in the MSGs at the cingula of the central 
incisors using a round bur (Fig. 3A).

Ten 3DSGs were fabricated with a 3D printer (Cara 
Print 4.0; Kulzer GmbH, South Bend, IN, USA) using a 
3D printing resin (SG; ODS, Incheon, Korea) according 

to the planned implant positions (Fig. 3B). 
Ten CSGs were fabricated using “Pre-Guides” for 

the anterior region (PGA) (NeoBiotech, Seoul, Korea), 
which are made of dimethacrylate and diurethane 
and filled with composite resin. The “Pre-Guide” was 
located on the control model, and then the resin was 
cured with a light-cured unit (DemiTM Plus; Kerr, Brea, 
Califonia, USA) according to the manufacturer’s rec-
ommendations. After repositioning the “Pre-Guide” 
on the control model, a CBCT scan was performed us-
ing the same CBCT scanner and parameters as those 
mentioned above, and the resulting DICOM file was 
loaded into the VARO Plan software (NeoBiotech, 
Seoul, Korea). Subsequently, the DICOM data was su-
perimposed on the STL file of the “Pre-Guide”, which 
already existed in the software. The drill holes were 
milled on the “Pre-Guides” according to the planned 
implant positions after they had been located on the 
VARO milling machine (NeoBiotech, Seoul, Korea). Fi-
nally, the “Pre-Guides” were ready to be used as the 
CSG (VARO Guide) (Fig. 3C).

Fig. 3. Fabrication process of 3 types of surgical guides. (A) Fabrication process of manual surgical guide. (B) Fabrication 
process of 3D-printed surgical guide. (C) Fabrication process of chairside CAD-CAM surgical guide.
MSG: manual surgical guide; 3DSG: 3D-printed surgical guide; CSG: chairside CAD-CAM surgical guide.

A

B

C
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Each dentist inserted 30 bone-level implant fixtures 
of 4.0 × 10 mm (CMI IS III active implants; NeoBio-
tech, Seoul, Korea), placing two implants in each ex-
perimental model and five experimental models for 
each group after ensuring the proper seating of the 
respective surgical guides. For the MSG groups, a pilot 
drill-guided surgery was performed, i.e., MSGs were 
used only for pilot drilling, followed by serial drilling 
and implant insertion without surgical guides using 
an implant surgical kit (NeoSurgical KIT; NeoBiotech, 
Seoul, Korea). In contrast, fully guided surgery was 
performed in both the 3DSG and CSG groups using 
these guides from pilot drilling to implant placement 
with an implant surgical kit (VARO Guide Kit; NeoBio-
tech, Seoul, Korea).

After the implants were placed, a second CBCT scan 
was performed on all experimental models with im-
plants using the same device and settings as before. 
To prevent bias, an independent investigator who 
was provided only reference numbers conducted the 
accuracy analysis.

Placed and planned implant positions were super-
imposed using DentiqGuide planning software (Den-
tiqGuide, v.1.3.05; 3DII, Seoul, Korea). The four de-
viation parameters were measured using a software 
tool (Fig. 4). To evaluate the horizontal deviations at 
shoulder, the lateral distance between the centers of 
the shoulder margins of the placed and planned im-
plant positions was measured. For horizontal devia-
tion at apex, the lateral distance between the centers 
of the apical margins of the placed and planned im-
plant positions at the apex of the implants was mea-

sured. The vertical deviation was evaluated by mea-
suring the longitudinal distance between the centers 
of the shoulder margins in the placed and planned 
implant positions. Negative values indicated that the 
shoulder margins of the placed implants were cor-
onal to the planned positions, while positive values 
indicated that the placed implants were apical to the 
planned positions. The angle between the centers of 
the long axes of the two implant positions was mea-
sured to determine the angular deviation.

The sample size was calculated using G*Power soft-
ware (version 3.1.9.7; Kiel University, Kiel, Germany), 
with an alpha error of 0.05, a statistical power of 80%, 
and an effect size of 0.6 after the pilot study. Conse-
quently, the sample size calculation revealed that 10 
implants (5 experimental models) would be neces-
sary for each group.

Statistical analyses were performed with SPSS soft-
ware (IBM SPSS Statistic for Windows, version 28.0; 
IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test 
was performed to confirm the normality of the distri-
bution of the deviation parameters. The Kruskal-Wal-
lis test was utilized to identify statistically significant 
differences among the three types of surgical guides 
for all deviations. If there was a significant difference, 
a pairwise comparison of surgical guides was per-
formed with Dunn’s post hoc test and adjusted by the 
Bonferroni correction for multiple tests. Furthermore, 
the Mann-Whitney U test was used to compare the ac-
curacy of each type of surgical guide between the two 
dentist groups. Statistical significance was set at P  < 
.05.

Fig. 4. Measurements of four parameters of deviation. (A) Measurements of four deviations in CAD software. (B) Diagram 
of measurement of four deviations.

A B
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RESULTS

A total of 60 implants were placed by two dentists 
(one inexperienced and one experienced) utilizing 
three different types of surgical guides (MSG, 3DSG, 
and CSG). An analysis of the accuracy of the surgical 
guides for both inexperienced and experienced den-
tists is illustrated in Table 1, and Figures 5 and 6, re-
spectively.

For both inexperienced and experienced dentists, 
there were no statistically significant differences be-
tween 3DSG and CSG in all deviations (P > .05), apart 
from the angular deviation (P < .05). Meanwhile, MSG 
was significantly different from 3DSG in all deviations 
(P < .05), and from CSG in the horizontal deviation at 
apex, vertical deviation, and angular deviation (P  < 
.05) for both dentists.

When comparing the performance of the inexpe-
rienced and experienced dentists, the experienced 
dentist outperformed the inexperienced dentist in all 
deviation variants, regardless of the surgical guide. 
Significant differences in the horizontal deviation 
at apex and angular deviation were identified when 
MSG was utilized (P < .05). However, none of the devi-
ations exhibited significant differences between the 
two dentists when using 3DSG and CSG (P > .05), ex-
cept for the angular deviation (P  < .05) (Table 2 and 
Fig. 7).

DISCUSSION

This study assessed the accuracy of three different 
types of surgical guides, each used by two dentists 
with different levels of experience by measuring the 
horizontal deviations at shoulder and at apex, vertical 
deviation, and angular deviation. The null hypothe-
sis that there would be no significant difference in the 
accuracy of implant positions among MSG, 3DSG, and 
CSG, regardless of the dentist’s experience level was 
rejected.

In this study, the 3DSG demonstrated the highest 
level of accuracy in all deviations for both inexperi-
enced and experienced dentists, and the results are 
consistent with previous studies.28-30 These results 
also fall within the range of average deviations re-
ported in a systematic review by Tahmaseb et al .,31 
which meta-analyzed 20 clinical trial studies and re-
vealed the mean deviations of 1.2 mm and 1.4 mm at 
the shoulder and apex, respectively, and 3.5° angular 
deviation in computer-assisted implant surgery.

The CSG displayed slightly larger deviations than 
the 3DSG; nonetheless, these differences were not 
significant in all deviations for both dentists. These 
outcomes are in line with a previous study conduct-
ed by Song et al .,26 which compared CSG with anoth-
er CAD-CAM surgical guide (NAVI Guide) in relation to 
the experience levels of surgeons in the posterior re-
gion.

Table 1. Comparison of mean and standard deviations of three different types of surgical guide in four deviations for inex-
perienced and experienced dentists

Deviations Experience level
Mean ± Standard deviation Kruskal-Wallis 

P valueMSG 3DSG CSG

Horizontal deviations 
at shoulder (mm)

Inexperienced dentist 1.15 ± 0.15 0.66 ± 0.35 0.92 ± 0.29 .005*
Experienced dentist 0.96 ± 0.26 0.57 ± 0.26 0.91 ± 0.39 .02*

Horizontal deviations 
at apex (mm)

Inexperienced dentist 3.41 ± 0.43 1.10 ± 0.22 1.18 ± 0.39 < .001*
Experienced dentist 2.25 ± 0.33 1.17 ± 0.16 1.41 ± 0.40 < .001*

Vertical deviations† 

(mm)
Inexperienced dentist 1.14 ± 0.15 -0.39 ± 0.30 -0.45 ± 0.17 < .001*
Experienced dentist 0.94 ± 0.25 -0.25 ± 0.18 -0.29 ± 0.22 < .001*

Angular deviations 
(degree)

Inexperienced dentist 15.84 ± 0.34 3.02 ± 0.41 7.78 ± 3.13 < .001*
Experienced dentist 11.75 ± 0.67 1.47 ± 0.33 3.50 ± 1.19 < .001*

MSG, manual surgical guide; 3DSG, 3D-printed surgical guide; CSG, chairside CAD-CAM surgical guide.
*Significant difference at P < .05.
†  In vertical deviation, positive values mean the shoulder margins of the placed implants are apical to that of the planned implants; negative values mean 

the shoulder margins of the placed implants are coronal to that of the planned implants. 
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Fig. 5. Box plots of four deviations 
in relation to the different types of 
surgical guide for inexperienced 
dentist. (A) Horizontal deviations at 
shoulder. (B) Horizontal deviation at 
apex. (C) Vertical deviation (Positive 
values mean the shoulder margins 
of the placed implants are apical 
to that of the planned implants; 
negative values mean the shoulder 
margins of the placed implants 
are coronal to that of the planned 
implants). (D) Angular deviation. 
MSG: manual surgical guide; 3DSG: 
3D-printed surgical guide; CSG: 
chairside CAD-CAM surgical guide.
* Significant difference at P < .05.
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Fig. 6. Box plots of four deviations 
in relation to the different types of 
surgical guides for the experienced 
dentist. (A) Horizontal deviations at 
shoulder. (B) Horizontal deviation at 
apex. (C) Vertical deviation (Positive 
values mean the shoulder margins 
of the placed implants are apical 
to that of the planned implants; 
negative values mean the shoulder 
margins of the placed implants 
are coronal to that of the planned 
implants). (D) Angular deviation.
MSG: manual surgical guide; 3DSG: 
3D-printed surgical guide; CSG: 
chairside CAD-CAM surgical guide.
* Significant difference at P < .05.
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Table 2. Comparison of accuracy of each surgical guide in four deviations between the inexperienced and experienced 
dentists

Deviations Types of surgical 
guide

Mean ± SD between Planned and Placed implants
Inexperienced dentist

(n = 10)
Experienced dentist

(n = 10) P value

Horizontal deviation 
at shoulder (mm)

MSG 1.15 ± 0.15 0.96 ± 0.26 .09
3DSG 0.66 ± 0.35 0.57 ± 0.26 .76
CSG 0.92 ± 0.3 0.91 ± 0.39 .94

Horizontal deviation 
at apex (mm)

MSG 3.41 ± 0.43 2.25 ± 0.33 < .001*
3DSG 1.097 ± 0.22 1.17 ± 0.16 .33
CSG 1.18 ± 0.39 1.41 ± 0.4 .20

Vertical deviation†

 (mm)

MSG 1.14 ± 0.15 0.94 ± 0.25 .07
3DSG -0.39 ± 0.3 -0.25 ± 0.18 .27
CSG -0.45 ± 0.17 -0.29 ± 0.22 .10

Angular deviation
(degree)

MSG 15.84 ± 0.33 11.75 ± 0.67 < .001*
3DSG 3.02 ± 0.41 1.47 ± 0.33 < .001*
CSG 7.78 ± 3.13 3.5 ± 1.19 .002*

SD: standard deviation; MSG: manual surgical guide; 3DSG: 3D-printed surgical guide; CSG: chairside CAD-CAM surgical guide. 
* Statistically significant difference in Mann-Whitney U test, *P < .05. 
†  In vertical deviation, positive values mean the shoulder margins of the placed implants are apical to that of the planned implants; negative values mean 

the shoulder margins of the placed implants are coronal to that of the planned implants.

Fig. 7. Comparison of mean deviations between inexperienced and experienced dentists in relation to the different types 
of surgical guide. (A) Horizontal deviations at shoulder. (B) Horizontal deviation at apex. (C) Vertical deviation (Positive 
values mean the shoulder margins of the placed implants are apical to that of the planned implants; negative values 
mean the shoulder margins of the placed implants are coronal to that of the planned implants). (D) Angular deviation.
MSG: manual surgical guide; 3DSG: 3D-printed surgical guide; CSG: chairside CAD-CAM surgical guide.
* Significant difference at P < .05.
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In contrast, the MSG showed significant differences 
from both computer-assisted surgical guides for each 
dentist, indicating the highest deviations for all pa-
rameters. These results are in accordance with other 
studies.15,32,33

Furthermore, when the two dentists with different 
levels of experience were compared, the MSG also ex-
hibited significant differences in the horizontal devi-
ation at apex and angular deviation, with the experi-
enced dentist showing superior results.

In contrast, both the 3DSG and CSG did not show 
significant differences between the two dentists in 
terms of horizontal deviations at shoulder and at 
apex, and vertical deviations. Park et al .,23 Song et 
al .,26 and Rungcharassaeng et al .34 also reported that 
the impact of surgeon experience on implant place-
ment accuracy was less pronounced when the com-
puter-assisted surgical guides were used.

However, in this study, the angular deviations of 
both the two computer-assisted surgical guides were 
significantly different between the two dentists. This 
is consistent with a previous study by Cushen et al .,35 

in which they performed in vitro implant placements 
with stereolithographic surgical guides and compared 
implant placement accuracy across experience levels. 
However, they found significant differences not only 
in the angular deviation, but also in the horizontal de-
viations at the shoulder and apex. 

The 3DSG revealed mean angular deviations of 3.02 
± 0.41° and 1.47 ± 0.33° for the inexperienced den-
tist and experienced dentist, respectively, while the 
CAD-CAM CSG showed mean angular deviations of 
7.78 ± 3.13° and 3.5 ± 1.19° for the inexperienced 
and experienced dentists, respectively. The angular 
deviation of the CSG is consistent with those of stat-
ic surgical guides used by inexperienced and experi-
enced surgeons in an in vitro study done by Wang et 
al ..36 In addition, Furhauser et al .37 conducted a clini-
cal study on flapless implant placements in the max-
illary anterior region to investigate the association 
between the accuracy of computer-assisted surgical 
guides and esthetic outcomes. They reported that a 
computer-assisted surgical guide generated angular 
deviations of up to 12.7°. Therefore, the angular de-
viations of both 3DSG and CSG in the present study 
may be considered acceptable as they fall within the 

clinically acceptable range.
In this study, all implants placed using 3DSG and 

CSG had shoulder margins coronal to the planned 
position, regardless of the dentist’s experience level. 
This finding is in agreement with that of a recent ran-
domized clinical trial study performed by Singthong 
et al .,38 in which computer-aided surgical guides fabri-
cated with two different planning software programs 
were applied for each group of 12 patients. In both 
groups, the shoulder margins of the placed implants 
deviated coronal to that of the planned positions. An-
other prospective study by Verhamme et al .39 report-
ed that 74% of the implants placed with computer-as-
sisted surgical guides were ≥ 0.5 mm coronal to the 
planned position. Possible reasons for this deviation 
could include the misfit of surgical guides and the ac-
cumulation of debris in the drilled socket due to the 
limitation of irrigation at the surgical site during im-
plant surgery. Therefore, it may be prudent to consid-
er the possibility that the implant shoulder deviates 
coronal to the planned position when placing the im-
plants with computer-assisted surgical guides.

Conversely, both dentists showed positive values 
of the vertical deviation when using MSGs, indicat-
ing that the implants were placed more apical to the 
planned position. This may be because serial drill-
ing and implant placements were performed without 
surgical guides in these groups, which allowed the 
implant shoulder margin to be visible during place-
ment. In the MSG groups, the labial and lingual sides 
of the implant shoulder margins may not have been 
at the same level due to large deviations. Moreover, 
because both dentists attempted to place the entire 
shoulder margin slightly apical to the alveolar crest, 
the implant may have deviated more apically from 
the planned position.

It is undeniable that computer-assisted surgical 
guides using advanced technologies can reduce de-
viations. Nevertheless, they are still prone to errors, 
even for skillful operators. These errors may occur 
when taking CBCT, superimposing data files, or print-
ing and milling surgical guides. Therefore, it is advis-
able to maintain a safety zone, keeping the implant 
approximately 2 mm away from vital structures, 
during the implant planning stage.

Furthermore, in this study, computer-assisted sur-
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gical guides exhibited slightly higher standard de-
viations and larger ranges between the minimum 
deviations and maximum deviations, particularly in 
horizontal deviations at shoulder and angular devia-
tions (Fig. 5 and Fig. 6). This variance may be attribut-
ed to imprecise seating and slight movements of the 
surgical guides during the serial drilling in some cas-
es. In particular, anterior tooth-supported surgical 
guides are inherently more susceptible to displace-
ment than their posterior counterparts, primarily 
due to the decreased support area according to their 
tooth morphology and inclination.40 Hence, it would 
be prudent to emphasize the precise seating and im-
mobilization of surgical guides during the entire drill-
ing process, particularly in the anterior region.

In the case of the CSG, errors can also arise due to 
the polymerization shrinkage of the light-cured res-
in in the “Pre-guide” tray. However, this can be com-
pensated by polymerizing the tray only after properly 
seating it in the patient’s mouth and carefully follow-
ing the manufacturer’s instructions, as well as by ad-
justing the tray after polymerization to ensure a prop-
er fit before CBCT.25

Overall, the accuracy of the novel CAD-CAM CSG 
(VARO Guide) was not significantly different from that 
of the 3D-printed surgical guide, regardless of the lev-
el of surgical experience. Moreover, the CAD-CAM CSG 
system facilitated the rapid fabrication of surgical 
guides in the dental office, allowing same-day comput-
er-assisted implant surgery. Therefore, it may be con-
sidered a viable option to achieve successful implant 
surgery with satisfactory implant positioning, even 
by less experienced dentists, while optimizing patient 
convenience by minimizing appointment visits.

However, there are limitations to this study. First, 
although the real maxillary arch was simulated as 
closely as possible, the resin study models may not 
accurately represent the actual clinical environment. 
Second, in intraoral situations, factors such as patient 
movement, limited interocclusal distance, the pres-
ence of the lip, tongue, cheek, blood, and saliva, and 
stress level of the surgeons may affect the accuracy 
of the implant positions. For this reason, further clini-
cal trials evaluating the accuracy of the CAD-CAM CSG 
compared to different types of surgical guides are 
necessary for a comprehensive clinical interpretation. 

CONCLUSION

The CSG improves the clinical performance of den-
tists in implant placement in the maxillary anterior 
esthetic region, narrowing the accuracy gap between 
the different levels of surgical experience compared 
to the MSG. Moreover, the CSG showed comparable 
accuracy to the 3DSG in dental implant placement in 
the maxillary anterior esthetic region across different 
levels of surgical experience, while offering the ad-
vantage of shorter manufacturing time and reduced 
patient visits. However, more studies are necessary to 
address the limitations of in vitro studies by conduct-
ing more comprehensive clinical trials.
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