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A B S T R A C T   

Objectives: The primary aim of this in vitro study was to evaluate the influence of alveolar ridge morphologies on 
the accuracy of static Computer-Assisted Implant Surgery (sCAIS). The secondary aims were to evaluate the 
influence of guide-hole design and implant macro-design on the accuracy of the final implant position. 
Methods: Eighteen standardized partially edentulous maxillary models with two different types of alveolar ridge 
morphologies were used. Each model was scanned via cone beam computer tomography prior to implant 
placement and scanned with a laboratory scanner prior to and following implant placement using sCAIS. The 
postsurgical scans were superimposed on the initial treatment planning position to measure the deviations be
tween planned and postsurgical implant positions. 
Results: Seventy-two implants were equally distributed to the study groups. Implants placed in healed alveolar 
ridges showed significantly lower mean deviations at the crest (0.36 ± 0.17 mm), apex (0.69 ± 0.36 mm), and 
angular deviation (1.86 ± 0.99◦), compared to implants placed in fresh extraction sites (0.80 ± 0.29 mm, 1.61 
± 0.59 mm, and 4.33 ± 1.87◦; all p<0.0001). Implants placed with a sleeveless guide-hole design demonstrated 
significantly lower apical (1.02 ± 0.66 mm) and angular (2.72 ± 1.93◦) deviations compared to those placed 
with manufacturer’s sleeves (1.27 ± 0.67 mm; p = 0.01, and 3.46 ± 1.9◦; p = 0.02). Deep-threaded tapered bone 
level implants exhibited significantly lower deviations at the crest (0.49 ± 0.28 mm), apex (0.97 ± 0.63 mm), 
and angular deviations (2.63 ± 1.85◦) compared to shallow-threaded parallel-walled bone level implants (0.67 
± 0.34 mm; p = 0.0005, 1.32 ± 0.67 mm; p = 0.003, and 3.56 ± 1.93◦; p = 0.01). 
Conclusions: The accuracy of the final implant position with sCAIS is determined by the morphology of the 
alveolar ridge, the design of the guide holes, and the macrodesign of the implant. 
Clinical Significance: Higher accuracy in the final implant position was observed with implants placed in healed 
alveolar ridge morphologies, in implants with deep-threaded tapered macro-design, and when sleeveless surgical 
guide holes were used.   

1. Introduction 

The correct 3D implant position is crucial for successful treatment 
outcomes in tooth replacement therapy via dental implants. Planning 

the ideal 3D implant position involves both prosthetic and anatomical 
considerations. However, achieving the preoperatively planned 3D 
implant position might be challenging when using freehanded implant 
placement protocols [1]. To support the clinician achieve ideal implant 
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positioning, computer-aided implant placement protocols have become 
common in daily clinical practice as digital knowledge and 
computer-aided manufacturing technologies have advanced [2–4]. 
Among them, static Computer-Assisted Implant Surgery (sCAIS) has 
shown high clinical effectiveness and accuracy as compared to other 
treatment modalities [5–10]. 

The fabrication of sCAIS guides is based on a digital workflow using 
standardized tessellation language (STL) and Digital Imaging and 
Communication in Medicine (DICOM) files. Utilizing this digital work
flow has potential to introduce several errors which may contribute to 
reducing the precision and accuracy of the final implant position. Some 
of these critical errors have been related to the imaging process, data 
transfer and matching in the digital planning software, the surgical 
guide fabrication process, inaccurate guide position and support, free 
drilling distance, guide-hole design and drill errors [9,11–17]. Im
provements in image quality in CBCTs and scanning technology, the 
introduction of artificial intelligence in planning software, and 
improved precision of 3D printers have continuously reduced these 
sources of errors related to the manufacturing process on sCAIS pro
cedures [18]. 

While the accuracy of sCAIS procedures has been shown to be 
affected by fabrication-related errors, several other factors which may 
influence the final implant position have not been fully investigated yet. 
These potential sources of error are related to therapeutic procedures, 
surgical interventions, and implant-specific characteristics. One factor 
might be the timing of implant placement after tooth extraction, 
correlating with the remodeling of the alveolar ridge’s morphology over 
time [19,20]. Dental implant placement can be carried out immediately 
(type I, fresh extraction socket), 4–8 weeks (type II, early soft tissue 
healing), 3–4 months (type III, partial bone healing), or more than 4 
months after tooth extraction (type IV, full bone healing) depending on 
local, systemic, surgical, and prosthetic factors [21,22]. The presence of 
various ridge morphologies may affect the trajectory of surgical drills 
and dental implants during the sCAIS procedure and result in deviations 
from pre-operative planning [9]. The second factor is the feasibility of 
implant placement utilizing sCAIS without manufacturer’s sleeves (i.e., 
sleeveless). Sleeveless guide holes reduce overall instrument tolerance, 
total cost, manufacturing time and require less space [15,23,24]. 
Nonetheless, this type of guide-hole design is technique-sensitive and 
must be carefully controlled by the implant surgeon (i.e., correct di
mensions of the guide-hole, adequate hole offset, and the use of a precise 
3D printer) to obtain similar or lower 3D deviations than obtained with 
manufacturer’s sleeve. Interestingly, as an additional factor of error, 
recent in vitro and clinical studies have reported on inter-manufacturer 
and inter-system differences when evaluating the accuracy of final 
implant positions, where tolerances of surgical components and implant 
macro-design may play a crucial role [13,25,26]. 

There is limited knowledge of the potential sources of errors related 
to local anatomical characteristics, surgical protocols, and implant- 
specific characteristics. In order to broaden the knowledge of the ef
fect of the abovementioned factors on the accuracy and predictability of 
sCAIS procedures, this in vitro study primarily aimed to evaluate the 
influence of alveolar ridge morphology on the accuracy of implant 
placement. The secondary aims were to evaluate the influence of guide- 
hole design and implant macro-design implant features on the accuracy 
of the final implant position. The 0-hypotheses were that the alveolar 
ridge morphology (H01), guide-hole design (H02) and the implant 
macro-design (H03) would not influence the positional accuracy of 
sCAIS implant procedures. 

2. Materials and methods 

2.1. Study design and setting 

This in vitro study was conducted in the Department of Oral Surgery 
and Stomatology at the University of Bern, Switzerland between 

November 2021 to February 2022. 

2.2. Model selection and preparation 

Standardized partially edentulous maxillary models simulating nat
ural bone density D2 [27] without soft tissue parts (BoneModels, 
Castellón de la Plana, Spain) were used in this study. Each model had six 
single-tooth edentulous sites with either a clinical scenario simulating a 
healed ridge (FDI positions 16, 14 and 25) or a fresh extraction socket 
(12, 21 and 23) as shown in Fig. 1A. 

Before implant placement, each study model was scanned using a 
laboratory scanner (3Shape 4, 3Shape Inc, Copenhagen, Denmark) and a 
cone beam computed tomographic (CBCT) scan (8 × 5 cm, 80μm voxel 
size, 90kVp, 1mAs; 3D Accuitomo 170, J. Morita Corp, Osaka, Japan) of 
each model was obtained. The resulting STL and DICOM files were im
ported to an implant planning software (coDiagnostiX, version 10.5, 
Dental Wings Inc, Montreal, Canada). One experienced clinician (C.R) 
planned an ideal 3D implant position considering the anatomical char
acteristics of the site and prosthetic parameters based on a digital wax- 
up made by a dental technician (Zirkonzahn.Modellier, Zirkonzahn 
GmbH, Gais, Italy). Each implant position was digitally planned to 
support a screw-retained single implant crown. 

2.3. Implant system and guide design 

The study involved two different implant macro-designs and two 
guide-hole designs. 

The guide-hole designs were as follows (Fig. 1A and B):  

• Standard manufacturer’s sleeve (MS) (stainless-steel sleeve, and 
polyether-ether-ketone sleeve).  

• Sleeveless sites (SL), where the dimensions of the manufacturer’s 
sleeve were incorporated into the surgical guide. 

The dental implants utilized in this study were as follows (Fig. 1C):  

• Parallel-walled and self-tapping bone-level implants with a shallow 
thread depth and a thread pitch of 0.8 mm (BL 4.1 × 12 mm RC, 
Straumann AG. Basel, Switzerland).  

• Tapered and self-tapping bone-level implants with a deep-thread 
depth and a thread pitch of 2.25 mm (BLX 4.0 × 12 mm RB, Strau
mann AG. Basel, Switzerland). 

2.4. Surgical guide preparation and standardization 

Guide-hole calibration matrices with various offsets were tested 
independently by three investigators with experience in sCAIS (C.R, F.A. 
D, S.A.A) to define the offset with the best handling and fit of surgical 
instruments (BL MS: + 0.02 mm, BL SL: + 0.02 mm, BLX MS: + 0.02 mm, 
BLX SL: + 0.09 mm). In each model, the groups were randomly assigned 
to obtain an equally distributed sample size. Further variables, including 
the distance from the implant platform to the sleeve (6 mm), the free 
drilling distance (18 mm), and the height of instrument guidance (6 
mm), were standardized for all groups. The guide material thickness was 
set to 3.5 mm and the guide-to-teeth offset to 0.15 mm. Multiple fen
estrations were created to allow visualization of the guide’s intra
operative fit on the model. All guides were manufactured using the 
identical transparent, light-cured resin for stereolithography (ProArt 
Print Splint, Ivoclar Vivadent AG, Schaan, Lichtenstein) in a 3D printer 
(PrograPrint PR5, Ivoclar Vivadent AG, Schaan, Lichtenstein) by the 
same dental technician and stored in a dark room for maximum of one 
week upon usage. 

2.5. Implant placement procedure on the model 

For implant placement, the models were mounted in a phantom 
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head. One experienced and board-certified oral surgeon (C.R) performed 
all implant placement procedures via sCAIS according to the manufac
turer’s recommendations using a surgical motor (iChiropro, Bien Air, 
Bienne, Switzerland). 

2.6. Data acquisition and digital measurements 

Once the implants were placed, corresponding scan bodies were 
inserted into the implants following the manufacturer’s recommenda
tions. After hand-tightening, including mechanical testing (i.e. until 
tactile resistance was encountered), direct visual verification of the scan 

bodies seating was performed. A post-operative scan of each model was 
made utilizing the same laboratory scanner (3Shape 4, 3Shape Inc, 
Copenhagen, Denmark) to obtain postoperative STL files. The post- 
operative STL files were imported to the treatment evaluation tool of 
the implant planning software (coDiagnostiX, version 10.5, Dental 
Wings Inc, Montreal, Canada). A corresponding virtual implant and 
scanbody were superimposed in the postoperative STL-file using a local 
best-fit algorithm, which works on the basis of a point cloud with 150 
reference points placed at the top of the scanbody. Subsequently, the 
linear and angular deviations between planned and final implant posi
tions were automatically measured by the software’s algorithm for the 

Fig. 1. Representative case of a model with different alveolar ridge morphologies, such as fresh extraction sockets and healed ridges (A), with a surgical guide with 
different guide-hole designs (A, and B). Sleeveless sites (SL) include two gaps: (1) drill – key; (2) key – guide (manufacturer’s sleeve dimensions are incorporated into 
the guide itself). Standard manufacturer’s sleeve (MS) includes three gaps: (1) drill – key; (2) key – MS; (3) MS – guide. Different implant macro-design (C). BL: 
Parallel-walled with a shallow thread depth bone level implant; BLX: Tapered with a deep thread depth bone level implant. “© Institut Straumann AG, 2022. All 
rights reserved. By courtesy of Institut Straumann AG.”. 
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mid-central points of the implant shoulder and implant apex, as shown 
in Fig. 2. 

2.7. Statistical analysis 

After the preparation of six models, a power analysis was conducted 
to find the required minimum number of implant sites to detect signif
icant differences between factors morphology of the alveolar ridge (fully 
healed ridge, fresh extraction socket), guide-hole design (MS, SL), and 
implant macro-design (BL, BLX) in at least 80% of all cases; the analysis 
indicated the need for a total of 18 models. Using a three-way non- 
parametric ART-ANOVA, all three factors were simultaneously evalu
ated [28]. All collected data was descriptively summarized by using 
mean/sd/min/Q1/median/Q3/max statistics showing box plots and 
tables. A non-parametric three-way ANOVA was conducted for each 
factor “morphology of the alveolar ridge” (healed, socket), “guide-hole 
design” (MS, SL), and “implant macro-design” (BL, BLX) including up to 
two-way interactions [28]. The p-values < 0.05 were considered sta
tistically significant. All statistical analyses were performed with the 
software R, version 4.0.4 [29] to evaluate the study groups: healed 
ridge, fresh extraction socket, MS, SL, BL, and BLX. 

3. Results 

3.1. Characteristics of included specimens 

In the total of 18 models, clinical scenarios were simulating n = 36 
fresh extraction sockets and n = 36 healed ridges. In these clinical sce
narios, n = 36 BL and n = 36 BLX implants were placed using sCAIS with 
an MS (n = 36) or SL (n = 36) guide-hole design. A total of 18 different 
surgical guides changing the guide-hole design position to make an 
equally distributed sample was utilized in this study. 

3.2. Deviation outcomes according to different variables 

All linear and angular deviation measurements according to different 
variables are shown in Table 1. Statistically significant angular, crestal, 
and apical deviations (p<0.0001) were observed when the morphology 
of the alveolar ridge was evaluated. Similarly, statistically significant 
angular (p = 0.01), crestal (p = 0.0005) and apical (p = 0.003) de
viations were observed when the implant macro-design was 

investigated. The guide-hole design showed statistically different 
angular deviations (p = 0.02), apical deviations (p = 0.003), and almost 
resulted in a statistically significant difference at the crestal level (p =
0.06). The interaction term analysis combining variables (i.e., the 
alveolar ridge morphology: implant macro-design, the alveolar ridge 
morphology: guide-hole design, implant macro-design: guide-hole 
design) did not show any statistically significant differences (Table 2). 

3.3. Alveolar ridge morphology 

A statistically significant lower deviation was observed in implants 
placed at clinical scenarios simulating fully healed alveolar ridges than 
in clinical scenarios simulating immediate implant placements in fresh 
extraction sockets. Implants placed in fully healed alveolar ridges 
showed mean deviations at the crest of 0.36 ± 0.17 mm, apex 0.69 ±
0.36 mm, and angular deviation of 1.86 ± 0.99◦ and implants in fresh 
extraction sockets 0.80 ± 0.29 mm, 1.61 ± 0.59 mm, and 4.33 ± 1.87◦, 
respectively as shown in Table 1 and Fig. 3. In all cases, it was observed 
both clinically and digitally that the trajectory of deviation in fresh 
extraction sockets was directed to the alveolus (path of less resistance), 
whilst for healed sites, deviations from initial planning were found in all 
directions, as shown in Fig. 4. 

3.4. Guide-hole design 

Implants placed using the manufacturer’s sleeve showed statistically 
higher mean apical (1.27 ± 0.67 mm) and angular (3.46 ± 1.9◦) de
viations compared with sleeveless sites (1.02 ± 0.66 mm, and 2.72 ±
1.93◦, respectively). A trend for higher deviations at the crestal aspect 
was observed without statistically significant differences between sur
gical guides with manufacturer’s sleeve vs sleeveless sites (0.63 ± 0.30 
mm vs 0.54 ± 0.34 mm, respectively), as observed in Table 1 and Fig. 3. 

3.5. Implant macro-design 

Statistically significantly lower deviations were observed when BLX 
implants were placed compared to BL implants, as shown in Table 1 and 
Fig. 3. BLX implants showed a mean deviation of 0.49 ± 0.28 mm at the 
crest, 0.97 ± 0.63 mm at the apex, and a mean angular deviation of 2.63 
± 1.85◦ BL implants mean deviations were 0.67 ± 0.34 mm at the crest, 
1.32 ± 0.67 mm at the apex, and a mean angular deviation of 3.56 ±

Fig. 2. Deviation between preoperatively planned (blue) and final postoperative implant position (red). Representative example of an implant in an extraction socket 
(A) and healed alveolar ridge (B). Crestal, apical, and angular 3D deviation (C). 

F.A. Dulla et al.                                                                                                                                                                                                                                 



Journal of Dentistry 130 (2023) 104426

5

1.93◦ was calculated. 

4. Discussion 

The present investigation examined potential sources of errors 
related to local anatomical characteristics, surgical protocols, and 
implant-specific characteristics on the accuracy of implant placement 
via sCAIS. The results demonstrated higher accuracy in the final implant 
position in healed alveolar ridges compared to extraction sockets, 
leading to a facial drift of the implant position, with sleeveless compared 
to manufacturer’s sleeve guide-hole design, and BLX compared to BL 
implants. Therefore H01, H02, and H03 were rejected. 

Alveolar ridge morphology significantly influenced the accuracy of 
sCAIS. Implants placed in fresh extraction sockets showed statistically 
significantly higher 3D crestal, apical, and angular deviations than im
plants placed in healed alveolar ridges. These findings are in accordance 
with previous publications, where higher 3D deviation was observed in 
implants placed in fresh extraction sockets as compared to fully healed 
ridges [9,12,30]. Interestingly, in all implants placed at fresh extraction 
sockets, the implant position deviated to the zone of less resistance (i.e., 
the alveolar socket). One possible hypothesis, as described by Wang and 
coworkers, might be the deflection of the drill by the bony socket walls 
causing a shift into the socket in a more facial implant placement [30]. 
This result of a potential facial shift of implant preparation and/or 
insertion using sCAIS in extraction sockets is of major interest during the 

preoperative planning and the surgical execution to avoid facial implant 
malpositioning. 

On the other hand, the results highlight the importance for the 
implant surgeon to critically evaluate the clinical orientation of the 
implant position throughout the surgery to detect potential 3D malpo
sition and correct it in a freehanded manner, if necessary. Although it 
was not evaluated in this study, the authors believed that this infor
mation could be extrapolated to cases of early implant placement [22] 
when only soft tissue healing after tooth extraction has taken place. 
Considering the deviations in the upper quartile of the present study of 
1.98 mm, it seems advisable to plan a safety distance of at least 2 mm to 
critical anatomic structures in the apex area when immediate or early 
implant placement is planned. 

With respect to the guide-hole design, the SL group showed statis
tically significantly less deviation at the apex and angular deviation as 
compared with the MS group. Additionally, the SL group showed a trend 
for less deviation without statistical significance in the crestal aspect. 
Similar patterns observed in this study were also in agreement with a 
recent systematic review [31] and with previous preclinical studies [11, 
32]. The results observed in this study could be explained by the 
reduction of the tolerance between the components of the surgical 
guide. MS surgical guides have three gaps (guide-MS, MS-key, and 
key-drill), while SL surgical guides have only two gaps (guide-key, and 
key-drill). Each gap is adding tolerances for the guide, sleeve, and sur
gical instruments. Therefore, SL guides additionally offer the benefit to 
modify the tolerance of the gap “guide-key” using varying guide-hole 
offsets. Small guide hole offsets will result in a more precise fit of the 
key in the guide hole [33]. In turn, a very precise fit hampers the 
mounting and dismounting of the key and guide, thereby affecting the 
handling of the surgical instruments. Furthermore, all-resin SL guides 
facilitate precise guidance in cases of narrow single-tooth gaps (i.e., 
maxillary lateral incisors) as the potentially conflicting outer diameter 
of the MS is not of interest for SL guide-hole design. Lastly, SL guides 
allow overall cost reduction in the fabrication process, as no charges 
apply for MS. For the correct interpretation of the results, it must be 
noted that the offset in the SL group was defined in the software only 
after the printer matrix had been calibrated by three experienced sCAIS 
operators. Such calibration is recommended for each lab set-up, as the 
accuracy of the guide manufacturing process depends on various factors 
such as the 3D printer used, the material [34], or the printing orientation 
[35]. Besides varying accuracies obtained using sCAIS systems of 

Table 1 
Descriptive statistics of angular, crestal, and apical 3D implant deviation for the evaluation of the alveolar ridge morphology, implant macro-design, and guide-hole 
design. BL: Parallel-walled bone-level implant. BLX: Tapered bone-level implant. MS: Manufacturer’s guide-hole design. SL: Sleeveless guide-hole design. NS: not 
significant / S: significant for all measurement categories.    

N Mean SD Min Q1 Median Q3 Max 

3D deviation crest (mm)          
Alveolar ridge morphology. S healed ridge 36 0.36 0.17 0.06 0.26 0.33 0.42 0.99 

extraction socket 36 0.80 0.29 0.24 0.61 0.83 0.91 1.51 
Implant macro-design. S BL 36 0.67 0.34 0.18 0.37 0.6 0.9 1.51 

BLX 36 0.49 0.28 0.06 0.27 0.35 0.68 1.12 
Guide-hole design. NS MS 36 0.63 0.30 0.19 0.33 0.58 0.85 1.31 

SL 36 0.54 0.34 0.06 0.27 0.43 0.75 1.51 
3D deviation apex (mm)          
Alveolar ridge morphology. S healed ridge 36 0.69 0.36 0.24 0.48 0.56 0.80 2.18 

extraction socket 36 1.61 0.59 0.41 1.18 1.68 1.98 2.75 
Implant macro-design. S BL 36 1.32 0.67 0.38 0.60 1.27 1.80 2.75 

BLX 36 0.97 0.63 0.24 0.5 0.75 1.51 2.31 
Guide-hole design. S MS 36 1.27 0.67 0.24 0.60 1.17 1.83 2.61 

SL 36 1.02 0.66 0.29 0.50 0.72 1.53 2.75 
Angular deviation (◦)          
Alveolar ridge morphology. S healed ridge 36 1.86 0.99 0.3 1.2 1.6 2.3 5.8 

extraction socket 36 4.33 1.87 0.5 3.37 4.5 5.725 8 
Implant macro-design. S BL 36 3.56 1.93 1 1.65 3.35 4.7 8 

BLX 36 2.63 1.85 0.3 1.35 2 3.7 6.8 
Guide-hole design. S MS 36 3.46 1.9 0.8 2 3 5.22 7.1 

SL 36 2.72 1.93 0.3 1.2 2 3.87 8  

Table 2 
ANOVA results showing the p-values of the alveolar ridge morphology, implant 
macro-design and guide-hole design, and their combination, with p-values 
<0.05 displayed underlined.   

Angular 
deviation 

3D deviation 
crest 

3D deviation 
apex 

Alveolar ridge morphology ≤0.0001 ≤0.0001 ≤0.0001 
Implant macro-design 0.01 0.0005 0.003 
Guide-hole design 0.02 0.06 0.01 
Alveolar ridge morphology: 

Implant macro-design 
0.26 0.38 0.37 

Alveolar ridge morphology: 
Guide-hole design 

0.83 0.92 0.94 

Implant macro-design: Guide- 
hole design 

0.74 0.69 0.71  
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different manufacturers [25,26], accuracy may differ when using mul
tiple sCAIS systems of one manufacturer. Findings pertaining to the in
fluence of the macroscopic design of the implant fixture are in 
accordance with an in vitro study, where shallow-threaded tapered im
plants showed significantly less 3D deviation at the crest and apex levels 
than parallel-walled implants [13]. However, to the best of the authors’ 
knowledge, this is the first study evaluating the accuracy of BLX im
plants with a deep-threaded tapered macro-design. Besides implant 
macro-design, a key factor influencing the accuracy of the final implant 
position might be found in system-dependent components, such as sur
gical drills or surgical keys. The BLX drills with a diameter of 2.2 mm, 
2.8 mm, and 3.2 mm are two-edged twisted with a cutting-edge geom
etry reducing friction to the bony walls. Contrarily, only the initial BL 
drill (2.2 mm) is two-edged twisted whilst the larger diameter drills are 
three-edged twisted. Another possible hypothesis for the higher accu
racy of BLX implants may be related to the differences of the implant 
connection geometries between the BLX (TorcFit) and BL (CrossFit) 

implants. Both TorcFit and CrossFit connection include a conical design, 
but only the TorcFit utilizes a flat top portion that provides a vertical 
stop for inserted components. However, the present study design is 
investigating both implant systems globally, and no conclusion on a 
single influencing factor should be drawn. 

The design of the present study enabled the standardization of many 
variables that might affect clinical outcomes. However, there are several 
limitations, such as the effect of extended edentulous spaces/edentu
lism, other guide-hole designs (i.e., open, or closed sleeve), and 
macroscopic designs of the implant (i.e., different lengths, and di
ameters), that were not evaluated. These factors can also influence the 
accuracy of the final implant position, especially in socket morphologies 
where implant primary stability is required for treatment success. 
Furthermore, sample size calculation was carried out for each of the 
single factor’s morphology of implant site, guide-hole design and 
implant macro-design, but not the investigated interaction terms, which 
may mask potential significance. Future in vitro and clinical studies are 

Fig. 3. Box plots demonstrating the effect of alveolar ridge morphology (blue colors), macroscopic design of the implant fixture (oranges colors), and guide-hole 
design (green colors), on the crestal, apical, and angular 3D implant deviations. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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needed to evaluate whether other alveolar ridge morphologies (i.e., fully 
edentulous ridge, longer-span partial edentulism, early soft tissue 
healing, partial bone healing), surgical variables (i.e., flap elevation, or 
flapless), implant macro-designs (i.e., implant body, length, diameter, 
thread design) and guide-hole designs (i.e., open, or closed sleeve) affect 
the accuracy and precision of implant placement via sCAIS. 

5. Conclusions 

Within the limitations of this in vitro study, the accuracy of the final 
implant position via sCAIS protocol is associated with the morphology of 
the alveolar ridge, guide-hole design, and macroscopic design of the 
implant. Implants placed in fresh extraction sockets have higher 3D 
deviations showing a facial drift of the final implant position compared 
to implants placed in a fully healed ridge. Surgical guides with sleeveless 
guide holes improve the accuracy of the final implant position as 
compared to the manufacturer’s sleeve when design variables are under 
control. Deep-threaded tapered implants (BLX) had higher implant po
sitional accuracy than shallow-threaded parallel-walled (BL) implants 
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