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ABSTRACT

Aim To summarise data available in the PubMed database
regarding the accuracy of dental implants placed by means of static
and navigated guided surgery.

Methods A search strategy was performed in order to find eligible
articles in English reporting the accuracy of dental implants placed
in humans with guided surgery techniques.

Results The search resulted in 387 articles for screening. After the
selection, 44 articles were included for data extraction. 22 articles
reported the accuracy of static guided surgery with mucosa-
supported guides, 20 with tooth-supported, 3 with bone-supported
and 7 with dynamic guided surgery.

Conclusions All studies with Static Guided Surgery and Dynamic
Guided Surgery included in this review present deviations within
the clinical accepted limits and represent excellent alternatives for
guided implant placement.

INTRODUCTION

Tooth loss, functional and aesthetic aspects and patient
perception

Tooth loss impairs masticatory function and prejudices
patient's aesthetic perception specially if located in
the anterior region. There is also a trend for patients
to present a poor general health and less satisfaction
with life when they have a bad oral condition (1-6).
The rehabilitation of missing teeth with implant-
supported prosthesis provides adequate restoration
of function, with satisfactory aesthetic outcomes,
when compared with removable dentures, as well as
improved patient's satisfaction and their perception
of quality of life related to oral health immediately
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after the finalisation of treatment. This perception
could remain for a long time (7-10). Implant-
supported rehabilitations present good outcomes in
the short and in the long term, with success rates
reported in the literature in a range between 87,8%
and 100% (11-14). Nowadays, the aesthetic and
functional perception of the patients and the impact
of the rehabilitations on long-term quality of life
are important factors to consider when treating the
stomatognatic system (15-17). Therefore, the careful
planning of an implant-supported rehabilitation with
dental implants is extremely important to reach the
desired functional and aesthetic goals and, for that to
occur, the tridimensional positioning of implants has
to be precise (18-20).

Malpositioning of dental implants

Malpositioning of dental implants can lead to countless
problems such as the appearance of peri-implant
diseases, the necessity of patient to undergo an
explantation surgery with or without the replacement
of a well-positioned implant, the loss of soft tissue
or aesthetic impairment due to gingival recession
of vestibularized implants, the difficulty to perform
reconstructive procedures, the necessity to produce
customized abutments in order to solve the cases or to
bury the implant (21-27).

Guided surgery

Nowadays, it is possible to plan the insertion of dental
implants with predictability on the imaging exam, in
a digital setting, with the aid of CAD/CAM technology
and planning softwares in which the professional
designs a surgical guide (28-31). This technique allows
the individual planning of each dental implant regarding
their depth of insertion, mesio-distal, bucco-lingual
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and angular positioning (32-35). There are two types
of guided surgery: the static and the dynamic. In the
static guided surgery (SGS), the perforations and the
implant installation are partially or completely done
through holes in a restrictive appliance positioned
over the oral structures. It is also possible to insert
dental implants with dynamic or navigated guided
surgery (DGS), in which the surgeon visualizes the
direction of perforation drills and the implant itself,
with the assistance of a navigation system that tracks
the position of the drills and implant and shows the
deviations, in real time, allowing the surgeon to correct
the positioning during surgery (29).

Accuracy

The accurate positioning of dental implants can
be affected by a number of factors throughout the
workflow, from the virtual planning to the execution.
One way to measure the accuracy is by superimposing
the pre-operatory tomography images, in which the
implant planning was done, and the post-operatory
tomography images with the actual position of the
implants installed. This way, one can digitally measure
the linear deviations regarding (i) the entry point (in
mm), (ii) the apical deviation, (iii) the vertical or depth
deviation, and (iv) the angular deviation between the
long axes of the planned and the inserted implant
(Fig. 1) (34-36).

Objective

This article aims to describe the data available in the
PubMed Database regarding the positioning accuracy
of dental implants inserted with static-guided surgery
and dynamic-guided surgery available until May 2020.

METHODS

A PubMed search was performed in May 2020 using
the keywords “Surgery, Computer-assisted” or "guided
surgery”, and “dental implants" and "accuracy”. The
following inclusion criteria were applied.

a) Studies in English language.

b) Human studies (excluding cadaver).

c) Studies with fully guided surgeries.

d) Studies reporting linear and angular deviations.

e) Studies with at least 20 implants.

Reviews, systematic reviews and meta-analyses were
excluded from this study. This report was structured
following the PRISMA-ScR guideline.

RESULTS

The initial search yielded a total of 387 articles from
PubMed. Two independent reviewers (MNG and KBK)
screened through titles and abstracts and selected 86
articles for full-text review. Articles that were not
chosen by both reviewers were added after agreement.
After the full-text review, 44 articles were selected for
data extraction. The workflow for articles selection and
reasons for exclusions are presented in the flowchart
(Fig. 2). Out of 44 articles, 22 reported accuracy with
mucosa-supported guides, 20 reported with tooth-
supported guides, 3 with bone-supported guides and 7
reported accuracy with dynamic surgery.

An overview of the 22 studies reporting on the
accuracy of SGS with mucosa-supported guides
shows that 7 were conducted in Italy, 5 in Belgium, 3
in Brazil and 3 in the Netherlands. The most frequent
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FIG. 2 Flowchart of the articles selection.
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Author and Year |Country | Implant Planning Software for Deviations
Manufacturerand | Software accuracy analysis
number of implants
placed
Coronal (SD,  Apical (SD,  Angular (SD, | Depth
min - max) in | min - max) in |min - max) in | (SD,
mm mm degrees min -
max) in
mm
Albieroetal., |ltaly Ankylos Plus Simplant | Mimics 1.20 (0.56, 1.51(0.71, 3.30 (1.65, 0.52
20197 (Dentsply) (Dentsply | (Materialise) 0.25-2.88) 0.36-3.85) |0.16-11.53) |(0.85,
M4 implants  Sirona) -1.75 -
2.57
Arisan et al., Turkey |N/D N/D Analyse 0.7 (0.13,0.2-10.76 (0.15,0.4 | 2.9 (0.39,08 | N/D
2010% 104 implants (Analyze 0.83) -0.99) -3.5)
Direct)
(assettaetal, |ltaly N/D Simplant | Mimics 1.65 (SD 0.56) 12.15 (SD 0.81) |Desvio N/D
2012% 95 implants (Dentsply) | (Materialise) Angular: 4.64
(SD 2.74)
Cassettaetal, | Italy Plan 1 Health  |Simplant  Mimics 1.63 2.10 4.71 0.82
2013% N/D (Dentsply) | (Materialise)  (N/D,0.13-  (N/D,0.34- |(N/D,0.28- |(N/D,
3.0) 4.23) 15.25) 0.03 -
2.29)
(assettaetal, |ltaly Prime Simplant | Mimics 1.68 (0.6, N/D 2.19 (0.83, 4.67 (2.68, N/D
2014a" (Impladent) (Dentsply) | (Materialise) |- N/D) N/D - N/D) N/D - N/D)
225 implants
Cassettaetal, Italy ~  Prime Simplant  Mimics 1.10 (0.39, N/D 433 (1.42, N/D
2014b* (Impladent) (Dentsply) | (Materialise) | N/D - N/D) N/D - N/D)
172 implants
(assetta & Italy Sharp Implant | Diagnosys ~ Geomagic | Experienced | Experienced | Experienced | N/D
Bellardini, 20174 (ImplaDent) (3Diemme) | Studio surgeons: Surgeons: Surgeons:
70 implants (Geomagic) | 0.60 (0.25, 0.67 (0.34, 3.21(1.57,
0.06 - 1.00) 0.24 - 1.67) 1.41-8.01)
Inexperienced | Inexperienced | Inexperienced
Surgeons: Surgeons: Surgeons:
0.75(0.18, 1.02 (0.44, 3.07 (SD 2.70,
0.51-1.01) 0.64-199) |0.73-9.22)
(assettaetal, | lItaly  SharpImplant | 3Diagnosys | Geomagic | 1.24(0.79, 152 (1.15, 1 3.59 (1.65, N/D
20204 (ImplaDent) (3Diemme) | Studio 0.72-267) |0.88-3.84) 1.69-6.30)
33 implants (Geomagic)
D'haeseetal, | Belgium | OsseoSpeed Facilitate Mimics 0.91(0.44, 1.13(0.52, 260 (1.61, N/D
2012% (Astra Tech) (Astra Tech) | (Materialise) |0.29 - 2.45) |0.32-3.01) |0.16 - 8.86)
78 implants
De Oliveiraetal., | Brazil | Slice Guide Dental Slice | Dental Maxilla: 1.72 | Maxilla: 2.41 | Maxilla: 2.41  N/D
2019% (Conexao) (Bioparts) Slice (0.22,N/D- |(0.74,N/D- | (0.15,N/D -
115 implants (Bioparts) | N/D) N/D) N/D)
Mandible: Mandible: Mandible:
1.83(0.21, 2.18 (0.43, 2.50 (0.43,
N/D - N/D) N/D - N/D) N/D - N/D)
Di Giacomo Brazil E-fix (AS Implant N/D 1.35(0.65, 1.79 (1.01, 6.53 (4.31, N/D
etal., 2012 Technology) Viewer (Anne 0.09-2.69 0.11-40) 0.04 - 18.64)
62 implants Solutions)
Ochi etal., Japan  Speedy Grove  Procera Mimics 0.89 (0.44, 1.08 (047,  N/D N/D
2013 (Nobel Biocare) | (Nobel (Materialise) 0.21-2.66)  0.20 - 2.21)
30 implants Biocare)
Ozan etal., Turkey | Swiss Plus Stent Cad  Rhinoceros | 1.06 (0.6, N/D 1.6 4.51(2.1,N/D |N/D
2009% (Zimmer (Media Lab) | (McNeel Ins) | - N/D) (1.0, N/D - - N/D)
Dental) N/D)
30 implants
Continued
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Authorand | Country |Implant Planning Software for Deviations
Year Manufacturerand | Software accuracy analysis
number of implants
placed
Pettersonet  Sweden Branemark Procera Nobel Guide |0.80 (N/D, 1.09 2.26 -0.15
al, 201257 System MKIll | (Nobel Validation ~ 0.10-2.68)  (N/D,0.24-  (N/D,0.24- (N/D,
TiUnite (Nobel  Biocare) 3.62) 11.74) -2.33 -
Biocare) 2.05)
139 implants
SunYetal,  Belgium Branemark Procera Procera 1.15(0.78,0.2 |N/D 3.33(2.32, 083
2015 System MKIll | (Nobel (Nobel -3.5) 01-16 (071,
TiUnite (Nobel | Biocare) Biocare) 0.2-
Biocare) 4.7)
Speed Groovy
(Nobel Biocare
80 implants
Vande Wiele ' Belgium OsseoSpeed Simplant Mimics 0.87 (0.49, 1.10 (0.53, 2.78 (1.47, 10.48
etal, 2015% (Astra Tech) (Dentsply  (Materialise) | 0.15-275  033-268)  0.23-7.03) (0.45,
75 implants Sirona) 0.01 -
2.38)
Vercruyssen | Belgium Astra Tech Simplant | Mimics 1.38 (0.64, 1.60 (0.70, 2.71(1.36, | N/D
etal, 2014” 52 implants  (Dentsply) | (Materialise) 0.39-268) 0.23-327)  0.20 - 6.36)
Vercruyssen | Belgium Ankylos Simplant  Mimics 0.9 1.2 2.7 0.5
etal, 2015* (Dentsply) (Dentsply) | (Materialise)  (N/D, 0.1 - (N/D, 0.2 - 49) | (N/D,0.0- |(N/D,
90 implants 4.5) 6.6) 00 -
3.2)
Verhammeet | Netherlands Branemark Procera Procera 1.39 (0.49, 1.57 (0.51, 2.43(1.19, 091
al, 2013% System MKIIl | (Nobel (Nobel N/D-259)  N/D-297 N/D - 4.32)  (0.44,
Groovy (Nobel | Biocare) Biocare) N/D -
Biocare) 1.69)
20 implants
Verhamme et ' Netherlands | Branemark Procera Nobel Guide |1.96(0.23, 2.28 (0.26, 392 (0.41, |-0.58
al, 20152 System Mkl | (Nobel Validation ~ |N/D-7.81) | N/D-872)  N/D-19.78) (0.15,
Groovy (Nobel | Biocare) N/D -
Biocare) -4.10)
150 implants
Verhamme et | Netherlands | Branemark Procera Nobel Guide | 1.36 1.58 281(N/D, |-0.84
al, 2015b” System MKIll | (Nobel Validation ~ (N/D, (N/D, N/D - 13.47) (N/D,
Groovy (Nobel | Biocare) N/D - 4.20) N/D - 4.33) N/D -
Biocare) -1.5)
104 implants
Vieiraetal,, | Brazil N/D Dental Slice | N/D Maxilla: 2.17 | Maxilla: 2.86 | Maxilla: N/D
2013%* 62 implants (Bioparts) (087,N/D- |(2.17,N/D- 1 193(0.17,
N/D) N/D) N/D - N/D)
Mandible: Mandible: 1.57 | Mandible:
1.42 (0.7, (0.84,N/D - (1.85(0.75,
N/D - N/D) N/D) N/D - N/D)

TABLE 1 Data regarding the deviations in SGS with mucosa-supported guides.

implant manufacturers were Impladent (500 implants)
and Nobel Biocare (423 implants). The most frequent
softwares for planning were the Simplant (Dentsply),
used in 8 studies and the Procera (Nobel Biocare), used
in 6 studies. The most used software for analysis (10

studies) was the Mimics (Materialise). Data regarding
the accuracy of dental implants installed in SGS with
mucosa-supported guide is summarized in table 1.

Of the 20 studies reporting on the accuracy of SGS
with tooth-supported guides, 3 were conducted in
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Authorand | Country Implant Planning Software for Deviations
Year Manufacturerand | Software accuracy analysis
number of implants
placed
Coronal (SD, ' Apical (SD,  Angular (SD, Depth
min - max) in \min - max) in ‘/min - max)  (SD,
mm mm in degrees | min -
max) in
mm
Alzoubietal., | Kuwait Immediate: Anatomage N/D 0.85 (0.65, 1.10 (0.65, 3.49 (246, |N/D
2016® Nobel Biocare  Invivo 5 021-280) 033-299) 057-9.82).
25 implants (Anatomage)
Arisanetal,  Turkey N/D N/D Analyse 0.81(0.33, 1.01 (0.40, 3.39(084, | N/D
2010 104 implants (Analyze 0.33-1.6) 029-172) 14-48)
Direct)
Behnekeetal, | Germany | Straumman Med3D med3D 0.32 (0.23, 049(0.29, 21131, -0
20129 83 implants (GmbH) (GmbH) 0.01-097) |0.03-138) 007-626) (041,
Nobel Biocare -1.2 -
43 implants 1.47)
(assettaetal., |ltaly Sharp Implant | 3Diagnosys | Geomagic 0.87 (0.35, 113(0.39, 263(098, | N/D
2020 (ImplaDent) (3Diemme) Studio 034-127) 1048-163) 1.89-450)
23 implants (Geomagic)
Changetal,  China Esystemand C | ImplantMax | ImplantMax | 0.86 1.38 4.62 N/D
2018% system (Royal | (Saturn (Saturn (N/D, (N/D,0.10- | (N/D, 0.44 -
Dent) Imaging) Imaging) 0.30-1.30) 3.60) 11.66)
20 implants
Derksenetal., | Netherlands | Straumman coDiagnostiX | coDiagnostiX | 0.75 (0.34, 1.06 (044, 272(1.42, |N/D
20192 Tissue Level (Dental (Dental 0.69-080) 1099-1.13) |2.48-295)
145 implants | Wings) Wings)
Fangetal,  South korea | UFII (DIO Inc) Implant Mimics 0.46 0.67 1.40 0.15
20198 40 implants Studio (Materialise) | (N/D,0-1.15) | (N/D, 0.14 - | (N/D,0.30- | (N/D,
(SShape) 1.19) 2.57) 0.10 -
0.82)
Firhauseret | Austria Replace TiU Nobel N/D 0.84(0.44,0 1.16(069, 27 N/D
al.,, 2015% (Nobel Biocare)  Clinician -1.6) 0-2.6) (2.6,0-12.7)
27 implants (Nobel
Biocare)
Kaewsirietal, | Thailand | Straumann coDiagnostiX | coDiagnostiX |0.97 (0.44, |1.28(0.46, |2.84(1.71, ' N/D
2019% 60 implants (Dental (Dental 0.18-1.83) 10.49-2.13) 0.20 - 6.60)
Wings) Wings)
Kiatkroekkrai | Thailand | Straumman coDiagnostiX | coDiagnostiX | Intraoral Intraoral Intraoral N/D
etal., 2020% Bone Level (Dental (Dental Scan: Scan: Scan:
60 implants Wings) Wings) 0.87 (0.49, 1.10 (0.53, 2.41(1.47,
N/D - N/D) N/D-N/D) |N/D-N/D)
Extraoral Extraoral Extraoral
Scan: 1.01 Scan: Scan:
(0.56,N/D - |1.38 (0.68, 3.23 (2.09,
N/D) N/D-N/D) |N/D-N/D)
Linetal., Taiwan [5 Conical BenQ AB Geomagic 0.78 (0.39, 128 (0.72, |430(2.87, ' N/D
20207 Implant (AB | Guided Control X (3D N/D-N/D) | N/D-N/D)  N/D-N/D)
Dental) Service Systems Inc)
43 implants

© ARIESDUE  September 2021; 13(3)
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Authorand | Country Implant Planning Software for Deviations
Year Manufacturerand | Software accuracy analysis
number of implants
placed
Nickenigetal., | Germany | Replace Select | coDiagnostiX | coDiagnostiX | 0.9 (0.94,0.0 |09 (1.22,0.0 4.2 (3.04,0.0 N/D
2010% (Nobel Biocare) | (Dental (Dental -3.4) - 4.5) -10)
23 implants Wings) Wings)
Ozanetal, | Turkey Swiss Plus Stent Cad Rhinoceros | 0.87 (0.4, 0.95 (0.6, 291 (1.3, N/D
2009 (Zimmer (Media Lab)  (McNeel Ins) 'N/D-N/D)  N/D-N/D) | N/D-N/D)
Dental)
30 implants
Schnutenhaus | Germany — N/D SMOP Geomagic 1.2 1.8 4.8 0.8
etal, 2018” 122 implants | (Swissmeda) | Studio 0.7, (0.9, (3.1, 0.7,
(Geomagic) 1 0.0-3.4) 03-5.1) 02-146) 100-
3.4)
Skievernetal,,  Norway | Straumman coDiagnostiX ' coDiagnostiX | 0.9 (0.44, 1.11(0.44, 1 258(2.07, 1049
2019a" Bone Level (Dental (Dental 003-191) 044-21) 07-106) (038,
28 implants Wings) Wings) 0.1-
1.78)
Skjevernetal,, | Norway N/D 3Shape 3Shape 1.05 (0.59, 1.63(1.05, [3.85(1.83, |0.48
2019" 27 implants | Implant Convince 036-274) 056-516) 1.25-86  (0.50,
Studio -0.52
-1.34
Smitkarnetal., | Thailand | Straumman coDiagnostiX | coDiagnostiX | 1.0 1.3 3.1 0.7
2019 Bone Level (Dental (Dental (06,020- (06,024~ (2.3,000- (056,
30 implants Wings) Wings) 2.67) 2.57) 8.60) 0.05 -
2.14)
Sunetal,, Taiwan MaxFit (TITC SmilePlan Solidworks | N/D 1.49 (0.08, |4.54(0.29, |1.00
20207 Ltd) (TITC Ltd) (Dassault N/D-N/D) N/D-N/D) (0.1,
32 implants Systems) N/D -
N/D)
VargaJretal, |Hungary | MultiNeO SMART Guide | Amira 140 (0.54, 1 159(0.59, 3.04(1.51, ' N/D
2020" (Alpha-Bio Tec) (Thermo 0.49-294) 031-299) 042-630)
52 implants Fisher
Scientific)
Vounesetal, | Belgium  OsseoSpeed EV ' Simplant Mimics 0.73(0.10,  097(0.19, 230(092, 043
2018 (Astra Tech) (Dentsply (Materialise) 'N/D-N/D) ' N/D-N/D) N/D-N/D) (0.09,
21 implants Sirona) N/D -
N/D)

N/D - Not Detailed

TABLE 2 Data regarding the deviations in SGS with tooth-supported guides.

Germany and 3 in Thailand. The most frequent implant
manufacturer was Straumman (406 implants) followed
by Nobel Biocare (118 implants). The most frequent
software was the coDiagnostiX (Dental Wings) which
was used in 6 studies for both planning and analysis.
Data regarding the accuracy of dental implants installed
in SGS with tooth-supported guide is summarized in
Table 2.

Three studies reported on the accuracy of SGS with
bone-supported guides, 1 was conducted in Turkey, 1
in Switzerland and 1 in Belgium. The most frequent
implant manufacturer was Astra Tech (93 implants

in 2 studies). The software Mimics (Materialise) was
also used in 2 studies for analysis. Data regarding the
accuracy of dental implants installed in SGS with bone-
supported guide is summarized in Table 3.

Seven studies reported on the accuracy of DGS. Three
studies were conducted in Italy. The most frequent
implant installed in this modality was the Osseotite
(Zimmer Biomet - 136 implants). Both softwares from
ClaroNav were the most frequently used: Navident for
planning and EvaluNav for analysis. Data regarding
the accuracy of dental implants installed in DGS is
summarized in Table 4.

© ARIESDUE  September 2021; 13(3)



JO

Accuracy of guided surgery for dental implants

Author and Country Implant Planning Software for Deviations
Year Manufacturerand | Software accuracy analysis
number of implants
placed
Coronal (SD, 'Apical (SD, |Angular (SD, |Depth
min - max) in \min - max) in ‘/min - max)  (SD,
mm mm in degrees | min -
max) in
mm
Ozanetal, | Turkey Swiss Plus Stent Cad Rhinoceros  1.28 (0.9, N/D  1.57 (0.9, N/D | 4.63 (2.6, N/D | N/D
2009 (Zimmer Dental) | (Media Lab)  (McNeel Ins) | - N/D) -N/D) -N/D)
50 implants
Stibingeret  Switzerland  OsseoSpeed Facilitate Mimics 071(039, 077(038, ~ 239(097, 047
al, 20147 (Astra Tech) (AstraTech)  (Materialise) |0.20-1.77) 023-178) | 053-452) (0.42,
44 implants 0.0-
1.70)
Vercruyssen et | Belgium Astra Tech Simplant Mimics 1.33(0.82, 1.50 (0.72, 3.20 (270, |IN/D
al, 2014” 49 implants (Dentsply) ~  (Materialise) | 0.30-3.58) 0.33-356) 0.19- 16.03)

N/D - Not detailed

TABLE 3 Data regarding the deviations in SGS with bone-supported guides.

DISCUSSION

The highest mean values presented in this review were
found in static mucosa-supported guides (highest means
in all deviations analysed, as well as highest maximum
values) when compared with the other modalities of
guided implant surgery. Some reasons highlighted by
the authors that may explain the worse values obtained
with this type of guide are the soft tissue resilience,
the thickness of gingiva and the swollen tissue after
anaesthesia (45,48,55). The use of fixation pins in
mucosa-supported guides remains controversial. Some
authors state that the use of fixation pins reduces the final
deviation of the implants (38,45,47), while Verhamme
et al. (2015) (56) argue that the use of these screws
prevent the surgeon to check constantly the implant
site preparation. More recently, the systematic review
by Seo and Juodzbalys (2018) (82) pointed that the use
of fixation pins is beneficial for attaining more accuracy
with mucosa-supported guides. However, only two non-
randomized studies presented data regarding the use of
guides with and without retaining screws.

Another important point raised by Verhamme et al. (55)
in relation to mucosa-supported guides is the optimal
value for reconstructing the reference denture, with
the fiducial markers used for planning, into an identical
surgical template. If the 3D reconstruction done in order
to design the template is generated with a too low gray
value threshold, the surgical guide will be thicker than the
radiographic reference and may not fit on the alveolar
process properly. On the contrary, if the 3D reconstruction
is done with a too high gray value threshold, the surgical
guide will be too thin and may translate in the bucco-

© ARIESDUE  September 2021; 13(3)

lingual direction.

Studies on static guided surgery modalities supported by
hard structures, teeth and bone, showed maximum mean
values of 1.40 mm and 1.33 mm for coronal deviation,
1.8 mm and 1.57 mm for apical deviation, 4.8° and 4.63°
for angular deviation and 0.8 mm and 0.47 mm for depth
deviation respectively. Even though, when extracting
from the articles only the highest mean values, bone-
supported guides display better values, the systematic
review done by Raico-Gallardo et al. in 2016 (34) reported
that tooth-supported guides are more accurate than
bone-supported guides regarding the entry point, apical
deviation and angular deviation. In this systematic review,
only one randomized clinical trial (RCT) was included
for qualitative analysis and, to minimize the risk of bias,
the study was excluded from the metanalysis. Only 5
studies were included in the metanalysis (3 prospective
and 2 retrospective studies), evidencing the lack of well
designed RCT's that could provide reliable data to assess
the accuracy of different types of surgical guides.

The studies by Cassetta and Bellardini (2017) (43) and
Cassetta et al. (2020) (44) evaluated if the surgeon
experience has an influence on the accuracy of the
implant or if there is a learning curve with SGS. Both
studies showed that there was no influence of experience
on the accuracy and also there is no learning curve in
this modality. Thus, this type of surgery is an excellent
and resolutive alternative for inexperienced surgeons
in challenging cases that require optimal tridimensional
positioning of dental implants.

On the other hand, the study conducted by Stefanelli et al.
(2019) (79) showed that the acquisition of experience with
DGS influenced the positioning accuracy of the implants.
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Author and Country Implant Planning Software for Deviations
Year Manufacturerand | Software accuracy analysis
number of implants
placed
Coronal (SD, 'Apical (SD, |Angular (SD, |Depth
min - max) in \min - max) in ‘/min - max)  (SD,
mm mm in degrees | min -
max) in
mm
Aydemiretal.,  Turkey Southern Navident EvaluNav 1.01(0.07, 11.83(0.12, |559(0.39, |N/D
2020" Implants (ClaroNav)  (ClaroNav) ~ 0.41-2.00) 0.11-455) | 2.06-10.18)
43 implants
Blockgtal,, USA N/D N/D N/D 1.16 (0.59, 1.29 (0.65, 297 (209, 0.78
2007 219 implants N/D-N/D) ' N/D-N/D) | N/D-N/D) (060,
N/D -
N/D)
Kaewsirietal, ' Thailand | Straumann Iris-100 Iris-100 1.05(0.44, 1 1.29(0.50, 3.06(1.37, | N/D
2019” 30implants  (EPEDInc) | (EPEDInc)  037-2.04) 061-231) 043-654)
Stefanelliet | Italy N/D CAl Navident | EvaluNav 0.71 (040, |1.00(0.49, [2.26(1.62, N/D
al, 2019 231 implants  (ClaroNav) | (ClaroNav)  N/D-N/D)  N/D-N/D)  N/D-N/D)
Stefanelliet | Italy Osseotite Navident EvaluNav 0.67(0.29, 1099(0.33, |250(1.04, |055
al., 2020% (Zimmer (ClaroNav)  (ClaroNav)  0.11-1.45) 0.12-201) | 035-581) (0.25,
Biomet) 0.01 -
136 implants 1.5)
Sunetal,, Taiwan MaxFit (TITC AQNavi (TITC | Solidworks | N/D 1.25(0.09, [3.24(0.36, |0.73
20207 Ltd) Ltd) (Dassault N/D-N/D) | N/D-N/D) (013,
32 implants Systems) N/D -
N/D)
Testorietal, | Italy N/D Simplant Geomagic Tooth- Tooth- Tooth- N/D
2014% 117 implants | (Dentsply | Studio mucosa- mucosa- mucosa-
Sirona) (Geomagic)  supported:  supported: | supported:
1.63 (0.98, 1.84 (1.00, 2.94 (1.84,
N/D-N/D) |N/D-N/D)  N/D-N/D)
Mucosa- Mucosa- Mucosa-
supported: | supported: | supported:
1.12 (0.65, 1.36 (0.64, 4.06 (2.82,
N/D-N/D) |N/D-N/D)  N/D-N/D)
Bone- Bone- Bone-
supported: | supported: | supported:
1.33 (0.47, 1.40 (0.43, 3.19 (1.95,
N/D-N/D) | N/D-N/D)  N/D-N/D)

N/D - Not detailed

TABLE 4 Data regarding the deviations in DGS.

In this study, the first 50 implants installed by the surgeon
had statistically significant higher mean deviations than
the last 50 implants for all measures (entry point, apex
and angular deviations).

Stefanelli et al. (2019) (79) highlighted that the up-front
investment in equipment, training and the time needed to
acquire experience in dynamic surgery are factors that may
slow down the adoption of this technology. Kaewsiri et al.
(2019) (65) compared the average surgical time between
SGS and DGS and, although all the procedures were well

tolerated by the patients, for all cases evaluated, the DGS
took longer, besides needing an additional mean time of
3 min (2-5 min) for the registration procedure so that the
device tracks the position of the drills in the CBCT. In cases
involving guided bone regeneration, the mean time with
SGS was 40 min (max 45 min). However, the same cases
done with DGS took an average time of 48 min, reaching
a maximum duration of 90 min. These factors may justify
the small number of studies with this technology. Three
out of the 7 studies with DGS included in this review had

© ARIESDUE  September 2021; 13(3)
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data extracted from private practices. The two studies
with more implants installed were completely done in
private offices (78,79). The lack of this type of equipment
in academic settings may hampers the randomisation
of patients and consequently the conduction of well
designed studies.

In relation to the linear deviations, Behneke et al. (2012)
(60) stated that the standard deviation (SD) and maximum
values are important to determine a safety limit. A control
margin is set at one to three times the SD. Based on their
results, when taking into account the SD, the authors
argued that a safety margin of 0,9 mm must be respected.
When taking into account the maximum deviations found
in their results, they suggested a margin of 1.4 mm.
Tahmaseb et al. (2018) (36), based on the mean values of
the results retrieved in their systematic review, suggested
a safety margin of 2 mm to avoid damages to important
anatomical structures. From all studies included in this
review, only the mean apical deviation reported by De
Oliveira et al. (2019) (46) presented values higher than
2 mm in the maxilla and in the mandible. The authors
believe that the results on the contrary trend found in the
literature were affected by the sample size. This study was
conducted with mucosa-supported guides and presented
a higher apical deviation in the maxilla, as well as the
study by Vieira et al. (2013) (58) that showed higher mean
deviation at the cervical and apical level of the implants in
the upper arch. The authors argument that the less dense
bone of the maxilla offers less resistance, making it easier
to deviate while preparing the sites for implantation.
However, the most recent systematic review published by
Marliere et al. (2018) (83) evaluated the accuracy of dental
implants inserted in SGS in fully edentulous patients and
concluded that the highest angular deviations are obtained
in the maxilla, but regarding the linear deviations (cervical
and apical), the accuracy was higher in the mandible.
Although there are some deviations from the planned
to the actual implant position, the magnitude of the
divergences does not affect the rehabilitation of the
patients if the prosthetic workflow is realized after implant
installation. Nevertheless, in cases where the framework of
the prosthesis is fabricated before implant placement, the
deviations can make the rehabilitation impossible (58).
The number of studies retrieved for each modality of
surgery might reflect the clinical daily necessity: after all,
tooth-supported guides are used for simpler cases of small
edentulous spaces, and most of these cases are solved
with the traditional mental navigation (26,6).

As observed in this scoping review, the deviations between
planned and actual implant positions showed in studies
with SGS and DGS are within the clinical accepted limits
and both modalities represent excellent alternatives
for guided implant placement. Once deviations are

expected and many factors play a role in the process
from the planning to the surgery, a safety margin of
2 mm should be respected in relation to important
anatomical structures. Better designed studies are
necessary to investigate the weight of each factor
leading to inaccuracies.
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