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Purpose: To realize a systematic review with prospective meta-analysis aiming to compare the accuracy
of static fully guided implant placement depending on the drill key modality (conventional drill key surgery
systems vs newer keyless systems) and evaluate the impact of deviation factors. Materials and Methods: An
electronic systematic search was conducted to identify prospective clinical trials matching inclusion criteria.
The variables of interest were coronal global, apical, vertical, and angular deviations. The types of edentulism
and surgical guide support were investigated as deviation factors. Meta-regression (mixed-effect model)
was performed. Heterogeneity was assessed using Cochrane’s I test and interpretation thresholds. Results:
A total of 1,233 implants in 475 patients were analyzed (18 studies included). Coronal global deviation was
significantly lower in the keyless group than in the key group (-0.36 mm; 95% Cl -0.62, —-0.09; P = .008).
Angulation control of the keyless system was superior to that of the key system (-0.36 degrees; 95% Cl
-0.75, 0.02; P = .063). Nonsignificant differences were found between both groups in apical (P = .684) and
vertical deviations (P = .958). Significant influence of the type of edentulism (single, partial, total) and surgical
guide support (tooth, mucosa, bone) on the overall amount of coronal global, apical, and angular deviations
was found (P < .001). The lowest deviations were found in partial edentulism and tooth-supported surgical
guide groups. (P < .001). Conclusions: Keyless static fully guided surgical systems allowed significantly
better control of coronal and angular deviations than conventional systems. The types of edentulism and
surgical guide support seemed to influence the positioning accuracy. Int J Prosthodont 2024,37:199-2009.
doi: 10.11607/ijp.8212

grating a 3D intraoral image that represents the teeth and mucosal perimeter

D ental implant positioning planning requires 3D exploration, usually CBCT, inte-
contours, a standard triangle language file (STL), and adequate surgical and

prosthetic knowledge. Afterward, the assistance of navigation surgery to overcome Correspondence to:
the human errors associated with the free-hand implant surgical approach is usuall o Gousede
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recommended for applying the presurgical positioning planning to the patient.? At

the top of dental implant navigation surgery, static computer-aided implant surgery Submitted February 27, 2022;
represents a common modality of fully or half-guided surgery, where the fabrication accig;;iﬁi%%iégﬁ;
of an accurate CAD/CAM template is employed. Publishing Co Inc.
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Drill key surgical guide involving guided sleeves, drill key, and
a bone drill inserted (coDiagnostix, Straumann).

Fig 1

In addition to dental implant positioning accuracy, fully
guided approaches facilitate flapless surgeries, which
may reduce patient chair time'3=> and patient morbid-
ity,"® and most importantly, it could enhance patient
satisfaction.3” However, fully guided surgery also has
some drawbacks: limited mouth openings may decrease
the effectiveness of static navigation surgery, modifying
the drill’s position in relation to the surgical stent; making
impossible the use of static navigation surgery in patients
with severe opening limitations.22 Furthermore, some of
the 3D-positioning control mechanisms available in the
market use instruments such as guiding sleeves and key
elements that require more steps in the surgical proposal
and large mouth openings.

Guiding sleeves are metallic or plastic cylinders that
are inserted into the surgical template, allowing drilling
guidance.® They are placed on the surgical template
according to presurgical planning, and their character-
istics have been associated with implant deviation ac-
curacy.®101" In key systems, bone drills are inserted into
the bone through a key instrument that perfectly adapts
to the guiding sleeve and is selected according to the
drill's diameter. In contrast, keyless systems do not use
any key instrument to adapt the drill to the sleeve diam-
eter, because the drill is perfectly designed to adapt to
the sleeve independently of the active drill diameter.'?
An illustration of both types of systems is provided in
Figs 1 and 2.

The literature on these tools and their mode of op-
eration depending on each commercial brand is scarce.
However, the increasing number of brands available
involving keyless guided systems sometimes complicates
the system choice for the clinician, and most importantly,
it could eventually impact the final implant positioning
accuracy and overall treatment success.

Therefore, the primary aim of this systematic review
was to compare the positioning accuracy of dental
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Fig 2 Dirill keyless surgical guide and a bone drill inserted (no drill
key or sleeve; R2gate system, Megagen Implant).

implants using fully guided systems with key instruments
vs keyless systems. The secondary aim was to assess the
impact of deviation factors (surgical guide support and
edentulism type) on final positioning accuracy regardless
of the surgical system used. The null hypothesis was that
no statistically significant differences in terms of implant
positioning accuracy between the drill key and keyless
guided surgical systems would be found.

MATERIALS AND METHODS

Study Registration

This study proposal was registered with the International
Prospective Register of Systematic Reviews (PROSPERO)
hosted by the National Institute for Health Research,
University of York, Centre for Reviews and Dissemination
(no. CRD42020215635). Ethics approval was not required
for this systematic review.

Population, Intervention, Comparison, Outcome
Question

This systematic review focused on the question of which
mechanism of static-guided implant navigation surgery
allows for better 3D-implant-positioning control (the
key system vs keyless system), and it was performed
using the population, intervention, comparison, out-
come (PICO) question method according to the preferred
reporting items systematic review and meta-analyses
statement (PRISMA)."3

e Population (P): Partial or complete edentulous
patients who underwent static-guided surgical
implant placement.

¢ Intervention (I): Implant placement with fully guided
static navigation using a keyless system.

e Control (C): Implant placement with fully guided
static navigation using a drill key system.
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e Qutcomes (O): The primary outcome was to
assess the 3D-implant-positioning accuracy of
static-guided implant surgery associated with key
or keyless control mechanisms. The secondary
outcome was to evaluate the impact of deviation
factors (surgical guide support and edentulism type)
that influence the implant positioning accuracy
using drill key or keyless static navigation systems.

Eligibility Criteria

The articles included in this systematic review had to meet
the following criteria: (@) prospective study design; (b) clini-
cal trials in humans; (c) fully guided dental implant place-
ment surgery as the intervention; (d) postoperative 3D
radiographic or digital accuracy assessment was performed,
and (e) accuracy variables were clearly defined (eg, global or
3D coronal deviation [mm)], apical deviation [mm)], vertical
deviation [mm], and angular deviation [grades]). Conse-
quently, articles were excluded if @) they were retrospective
studies; (b) they were animal, ex vivo, case series, or case
report studies; (c) they presented insufficient information
regarding pre- and postoperative matching; (d) they lacked
information regarding the guided surgery system used; or
(e) they focused on other variables.

Information Sources and Search Strategy

Electronic and manual search results were obtained and
screened by a single investigator (1.G.). Another investiga-
tor (J.G.) supervised each search step. The search terms,
truncation, and Boolean operators were as follows: ((com-
puter assisted surgery) OR (guided implant surgery) OR
(computer guided surgery))) AND ((dental implant*) OR
(dental) OR (implant*))) AND ((accuracy) OR (precision))
AND (systematic[sb] OR Randomized Controlled Trial[ptyp]
OR Comparative Study[ptyp] OR Meta-Analysis[ptyp] OR
Observational Study[ptyp]) AND full text[sb] AND “last
10 years"[PDat] AND English[lang]. ]. The last electronic
search date was June 2021. Hand search however con-
tinued until December 2021. The search was limited to
studies written in English. The main source of electronic
information was the National Library of Medicine database
(MEDLINE by PubMed). Additional searches were per-
formed using the Google Scholars database for eventual
inclusion. Additional searches through articles’ bibliogra-
phy and cross-references were used for further identifi-
cation of potential articles. The following journals were
also manually reviewed: International Journal of Oral and
Maxillofacial Surgery, Journal of Clinical Periodontology,
Clinical Implant Dentistry and Related Research, Clinical
Oral Implants Research, European Journal of Oral Implan-
tology, The International Journal of Oral & Maxillofacial
Implants, The International Journal of Periodontics & Re-
storative Dentistry, Clinical Implant Dentistry and Related
Research, The Journal of Prosthetic Dentistry, Journal of
Advanced Prosthodontics, International Journal of Clinical
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and Experimental Medicine, International Journal of Den-
tistry, and BMC Oral Health.

Furthermore, contact with investigators and manu-
facturers was made when additional information was
needed. If no answers were received, the study was au-
tomatically excluded. In case of doubt about a particular
study’s inclusion, the investigators consulted each other
and reached an agreement. If no agreement could be
made, the article in question was excluded.

Data Extraction

Data extraction was performed by a single investigator
(1.G.) under the supervision of another investigator (J.G.).
Mendeley software (Mendeley Reference Management)
was used for article reading and Excel (Microsoft) for the
creation of result tables summarizing each relevant detail
of all included studies as follows: (7) number of patients,
(2) number of implants, (3) guided system brand, (4)
edentulism type, (5) guide printing technology, (6) sur-
gical guide support, (7) flap realization, and (8) surgical
guide fixation and number of pins.

Numeric data of interest were extracted (global or 3D
coronal deviations, apical deviations, vertical deviations,
and angular deviations) and then classified into Excel
tables according to the surgical system used (drill key
systems or keyless). This process resulted in the creation
of two datasets: (7) static fully guided surgeries with drill
key systems and (2) static fully guided surgeries with
keyless systems.

In case of doubts about particular data during the
data extraction process, the investigators (I.G. and J.G.)
consulted each other and mutually decided on a solution.
Again, eventual disagreements resulted in the exclusion
of articles.

Deviation Measurement Standards

Global or 3D coronal deviations were accepted only
for the coronal deviation parameter. Consequently, the
linear deviations were excluded. Vertical deviation can
be measured at the apex or platform level. If both were
mentioned, the one with the highest deviation value was
registered. Regarding vertical deviation, some studies
preferred to use negative values when implants were
inserted below the reference line and positive values
when implants were not inserted deep enough. In such
cases, the absolute value was used for the statistical
analysis. The means and SDs of all variables in all studies
that met our inclusion criteria were extracted.

Quality Assessment
According to the Cochrane recommendations, random-
ized clinical trials risk of bias were assessed using the RoB
2 tool,'* whereas ROBINS-1 tool was used for nonran-
domized clinical trials.” Traffic-light plots and summary
plots were generated.
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Fig 3 Flow-chart of study screening process.

Data and Statistical Analysis

Continuous variables from the included studies were analyzed with RStudio
desktop software (version 1.2.5042; RStudio) using the Metafor package,
and a forest plot was generated for each parameter (global coronal deviation,
apical deviation, vertical deviation, and angular deviation). This process was
repeated for both study groups (keyless and drill key systems). Intergroup
comparisons were performed for each accuracy parameter. Additionally,
heterogeneity was assessed using Cochrane’s I” test and interpretation
thresholds'®: an I’ value between 10% to 40% was considered as not im-
portant, 30% to 60% as moderate, 50% to 90% as substantial, and 75%
to 100% as considerable heterogeneity. If heterogeneity was observed,
either substantial or considerable, the results corresponding to the random
effect model were systematically accepted.

Meta-regression analysis with a mixed-effects model was performed to
explore the impact of the surgical guide support (tooth-supported, mucosa-
supported, bone-supported) and edentulous type (single, partial, and to-
tal) on the final accuracy results. The reference subgroups used for this
meta-regression were as follows: the tooth-supported surgical templates
subgroup for the surgical guide support analysis and the single edentulous
(SE) patient subgroup for the edentulism type analysis. To keep samples as
homogeneous as possible, if a clinical trial involved different types of surgi-
cal template supports or edentulous populations and if the data of interest
could not be isolated, it was excluded from the meta-regression analysis. The
meta-regression analysis was performed using R software version 4.0.3 (The
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R Foundation for Statistical Comput-
ing). The statistical significance level
was not greater than 5% (P < .05).

RESULTS

Study Selection

The electronic search generated a
total of 405 articles that were com-
plemented by the inclusion of an
additional 17 references identified
manually. After title and abstract
reading, 369 articles were excluded.
Of the 56 articles remaining, only 31
studies were included after a thor-
ough examination (full-text reading)
and only 18 could be used for the
quantitative analysis (meta-analysis).
Details regarding the screening pro-
cess are provided in the flowchart
(Fig 3). The results of the bias risk
assessment for the included studies
resulted to be mainly low, although
some studies depicted a moderate
risk (Cochrane risk of bias: ROBINS-1
and RoB 2). The results of the risk
of bias assessment is fully detailed
in Appendix Figs 1 to 4 (see all ap-
pendix items in the online version of
the article).

Characteristics of the Included
Trials

Allincluded studies aimed at assess-
ing the accuracy of static full-guided
surgery, meaning that static half-
guided surgery was not employed
in any included study. Overall, the
drill key group included 274 patients
and 781 implants, whereas the key-
less group included 201 patients and
452 implants. Therefore, this meta-
analysis included a total of 1,233
implants in 475 patients. A general
overview of the data extracted from
the included studies is provided in
Tables 1 and 2.

Types of Edentulism, Surgical

Guide Support, and Fixation

In the drill key group, of 781 implants,
16.6% (n = 130) of the implants
were placed in an SE space, 5.5% (n
=43) were placed in partially edentu-
lous (PE) sites in need of two or more
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Table 1 Control Group Results (Drill Key)—Results Expressed as Means and SDs

Dental Guide
Study design Group nP nl System status Guide Support Flap
Static Yes
Smithkarn, 2019 ~ RCT computer- 26 30 Straumann SE SLA Tooth
assisted
Prospective No
Farley, 2013 nonrandomized, Test 5 10 Biomet SE SLA Tooth
split-mouth design
Mat Mu 12 55 o Mucosa No
Materialise TE SLA
Mat Bo 12 53 Bone Yes
Vercryussen, 2014 RCT
Fac Mu 14 52 Mucosa No
Facilitate TE SLA
Fac Bo 12 52 Bone Yes
Younes, 2018 RCT Fully guided 10 21 NM PE N.M Tooth No
T1 11 11 SLA Yes
Schneider, 2019 RCT Straqmann/ PE Tooth
T2 1 1 Facilitate Pjet
Kaewsiri, 2019 RCT Static 30 30 Straumann SE SLA Tooth '\\l(gs(%;))
i i Intraoral 20 30 Both
Kbkl RCT Straumann SE SLA Tooth
2019 Extraoral 22 30
Petterson, 2012 Lrospective Test 25 139 Nobel Guide TE SLA Mucosa No
nonrandomized
D'haese, 2012 Frospective. Test 13 78  AstraTech TE SLA Mucosa B2
nonrandomized
Van de Wiel, 2014  Hrospective. Test 16 75  Facilitate TE SLA Mucosa No
nonrandomized
Verhamme, 2013 Tospective Test 30 104 Nobel Guide TE SLA Mucosa N
nonrandomized
Guide fixation Coronal Apical Vertical Angular
Study design (no. of pins)  deviation (mm) deviation (mm) deviation (mm) deviation (degrees)
Smithkarn, 2019 RCT No 1.0 (0.6) 1.3(0.6) 0.7 (0.6) 3.1(2.3)
Prospective
Farley, 2013 nonrandomized, No 1.45 (0.06) 1.82 (0.60) -1.24 (0.68) 3.68 (2.19)
split mouth design
1.23 (0.60) 1.57 (0.71) NM 2.86 (1.6)
Yes (3-4)
1.60 (0.92) 1.65 (0.82) NM 3.79 (2.36)
Vercryussen, 2014 RCT
1.38 (0.64) 1.60 (0.70) NM 2.71(1.36)
Yes (3-4)
1.33(0.82) 1.50(0.72) NM 3.20(2.70)
Younes, 2018 RCT NM 0.73(0.10) 0.97 (0.19) NM 2.30(0.92)
0.54 (0.33) 0.9 (0.43) 0.11(0.62) 2.41(1.4)
Schneider, 2019 RCT No
0.61(0.27) 1.02 (0.64) -0.32(0.9) 2.69 (1.78)
Kaewsiri, 2019 RCT No 0.97 (0.44) 1.28 (0.46) NM 2.84(1.71)
Kiatkroekkraim, o - N 0.87 (0.49) 1.10(0.53) 0.59 (0.48) 2.41(1.47)
! o]
2019 1.01(0.56) 1.38(0.68) 0.69 (0.54) 3.23(2.09)
Petterson, 2012 Frospective Yes (NM) 0.91 (0.44) 1.13(0.52) NM 2.60 (1.61)
nonrandomized
; Prospective
D’haese, 2012 eERCRIES Yes (4) 0.85 (0.47) 1.07 (0.54) 0.09 (0.46) 2(1.47)
Van de Wiel, Prospective
2014 nonrandomized Yes (3) 0.87 (0.50) 1.10(0.53) 0.48 (0.50) 2.79 (1.48)
Verhamme, 2013 Frospective Random 137 (0.17) 1.59 (0.18) -0.84 (0.23) 2.82(0.36)

nonrandomized

nP = number of patients; nl = number of implants; SLA = stereolithography; Pjet = polyjet; NM = not mentioned. Mat Mu = materialize mucosa; Mat Bo =
materialize bone; Fac Mu = facilitate mucosa; Fac Bo = facilitate bone
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Table 2 Experimental Group Results (Keyless)—Results Expressed as Means and SDs

Dental Guide
Study design Group nP nl System status Guide Support
Fully digital 10 28
Tallarico (2), 2019 RCT A el SLA SE, PE Tooth
Conventional 10 29 Taper Kit
Metallic sleeve 15 41 Osst
. ) sstem
Tallarico (3), 2019  RCT Without 15 19 Guide SLA SE, PE Tooth
metallic sleeve
Varga et al, 2019  RCT Fully guided 28 52 Alpha-Bio MIM SE, PE Tooth
Schnutenhaus et . . aung\:\élr:?ation = 25
| Prospective randomized ) Camlog SLA SE Tooth
al, 2020 Without 23 23
augmentation
iz, 2oy PHEIpREhE e Test 39 i O SLA SE, PE Tooth
multicenter Guide
D.Leeetal, 2016 ospective. Test 11 21 R2Gate DLP PE Tooth
nonrandomized
Ciszcnzetal o rrosgedie Test 25 65 R2Gate SLA PE Tooth
2016 nonrandomized
Coronal Apical Vertical Angular deviation
Study design deviation (mm) deviation (mm) deviation (mm) (degrees)
: 0.52 (0.30) 0.58 (0.44) 2.25(1.41)
Tallarico (2), 2019 RCT NM
0.44 (0.26) 0.46 (0.34) 2.10(1.18)
) 0.52 (0.30) 0.58 (0.44) 2.25(1.41)
Tallarico (3), 2019 RCT NM
0.61(0.49) 0.37(0.28) 1.98 (2.38)
Varga et al, 2019  RCT 1.40 (0.54) 1.59 (0.59) NM 3.04 (1.51)
Schrutennaus et prospective randomized 0.7 (0.3) 1.4(0.6) 03(0.3) 412.1)
[allarics, oje  FUEERECiiE EREamZE 0.53 (0.46) NM 0.42 (0.37) 1.43(1.98)
multicenter
Prospective
D. Lee et al, 2016 nonrandomized 0.69 (0.34) NM 0.92 (0.38) 2.39(1.14)
Cilszengetel,  Hepeai 0.79 (0.52) 117 (0.63) 0.50 (0.38) 2.34(0.85)

2016

nonrandomized

nP = number of patients; nl = number of implants; SLA: Stereolithography; Pjet = polyjet; MJM = multijet modeling; DLP = digital light processing; NM = not

mentioned.

implants, and 77.8% (n = 608) of the implants were placed
in totally edentulous (TE) patients. In the keyless group, of
452 implants, 318 (70.4%) were placed in either SE or PE
patients because the authors did not make a distinction
between both types of edentulism. Lastly, 86 implants
(19%) were placed in the PE group and 48 (10.6%) in the SE
group.

Surgical guides were all tooth-supported in patients
with SE and PE in both study groups. The surgery of TE
patients involved the use of mucosa- or bone-supported
templates.* In the keyless group, only one clinical trial
involved full arch cases,'” and the surgical guides were
supported by the remaining failing teeth that were ex-
tracted after implant placement. In the drill key group,
surgical templates in TE patients were always fixated
with intrabony pins. Nevertheless, in the keyless group,
the use of surgical template fixation was also found in
patients with SE and PE.1217.18
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Navigation Surgical System

The most commonly used drill key fully guided implant
surgical system was the Straumann Guided Surgery sys-
tem (coDiagnostiX-Straumann) in four clinical trials.'®-22
Other brands with similar 3D control key mechanisms
were used: the Nobel Guide (Nobel Biocare)**?4 and
Biomet 3i (Zimmer Biomet).® The most used keyless sys-
tems in the included studies were the Osstem OneGuide
system (Osstem Implant)'?'” and R2Gate system (Mega-
gen Implant).2>26

Type of Flap

Of a total of 781 implants in the drill key group, 79.3%
(n = 619) were placed flapless, while 20.7% (n = 162)
were placed only after flap elevation. One clinical trial
was excluded from this calculation because the infor-
mation provided was not sufficiently specific.?’ In the
keyless group, of 400 implants, 88% (n = 352) were
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placed flapless, while 12% (n = 48) were placed with
flap elevation. Again, because of insufficient informa-
tion, one clinical trial was excluded from these results.?’

Printing Guides Protocol

In the drill key group, all surgical guides used were
printed with stereolithographic (SLA) printers (photo-
polymerization 3D printing), and they all required the
use of metallic sleeves. The only exception was one study
group where a Polyjet technology printer (Stratasys;
photopolymerization point after point with laser beam)
was used, and no metallic sleeves were incorporated into
the surgical template.?? In the keyless group, however,
none of the surgical templates used metallic sleeves,
and five of seven clinical trials used SLA-printed surgical
templates'?17.18.26.28; the remaining two used MultiJet
Modeling technology (3D Systems; the addition of bind-
ing agents to powder and polymerization with heat, layer
by layer), and digital light processing (DLP) technology
(photopolymerization layer by layer).

Positioning Accuracy

Coronal Global Deviation

The results from the meta-analysis demonstrated a statis-
tically significant mean difference between both groups,
in favor of the keyless static fully guided surgical systems
(-0.36 mm; 95% CI -0.62, —0.09; P = .008; I = 98%)).
These results suggest the superiority in the accuracy of
such systems when compared to conventional static
fully guided drill key surgical systems. Indeed, the mean
coronal global deviations were 1.04 mm (95% Cl 0.87,
1.22) and 0.68 mm (95% Cl 0.53, 0.84) in the drill key
group and keyless group. These findings are illustrated
in a forest plot (Appendix Fig 5).

Apical Deviation

Regarding apical deviation, the results of the meta-
analysis did not demonstrate superiority of either surgi-
cal system. Indeed, the difference between both sys-
tems was not statistically significant (-0.08 mm; 95%
C1-0.30, 0.46; P = .684; I = 95.5%). Drill key systems
averaged an apical deviation of 1.30 mm (95% CI 1.14,
1.45), and the keyless systems averaged a deviation of
1.39 mm (95% Cl 1.14, 1.63). The forest plot illustrates
these findings (Appendix Fig 6).

Vertical Deviation

Again, the results from the meta-analysis demonstrated
a minor mean difference between the groups. The mean
vertical deviation in the drill key group was 0.51 mm
(95% Cl 0.27, 0.75), whereas that in the keyless group
was 0.50 mm (95% Cl 0.40, 0.60). This difference was
not statistically significant (-0.01 mm; 95% ClI -0.25,
0.24; P = 958; I’= 94.2%). The forest plot presents
these findings (Appendix Fig 7).

Gourdache et al

Angular Deviation

The results from the meta-analysis tended to divulge
mean difference between the groups of angular de-
viation (-0.36 degrees; 95% Cl -0.75, 0.02; P = .063;
I’ = 81.3%). The mean angular deviations were 2.74
degrees (95% Cl 2.55, 2.93) and 2.42 degrees (95%
Cl 2.00, 2.83) in the drill key and keyless groups, re-
spectively. The forest plot illustrates these findings
(Appendix Fig 8).

Related Factors Influencing Implant Positioning
Accuracy

Influence of the Type of Edentulism

All detailed results regarding the influence of the type of
edentulism on implant positioning accuracy are shown
in Table 3.

Coronal Global Deviation

The overall meta-analysis results revealed a significant
influence of the type of edentulism on the amount of
coronal global deviation (P < .001). The coronal global
deviation in PE patients approximated an average de-
viation of 0.70 mm (95% Cl 0.63, 0.77), whereas the
average deviations in SE and TE patients were 1.00 mm
(95% Cl1 0.65, 1.35) and 1.18 mm (95% Cl 0.97, 1.39).
The meta-regression analysis with the SE group as the
reference showed no significant difference between
the groups, although deviation values were somewhat
lower in the PE group (-0.33 mm; 95% C| -0.70, 0.01,
P =.091) and slightly higher in the TE group (0.18 mm;
95% Cl-0.15, 0.51; P = .296).

Apical Deviation

The global analysis revealed a significant influence of
the type of edentulism on the amount of apical devia-
tion generated (P < .001). The PE patients exhibited the
smallest apical deviation of 1.02 mm (95% C1 0.90, 1.15)
compared to the SE and TE patients (1.34 mm; 95%
Cl 1.20, 1.48 and 1.39 mm; 95% Cl 1.19, 1.60, respec-
tively). The difference between the SE and PE groups
tended to be significant (-<0.34 mm; 95% CI-0.69, 0.01;
P=.053; I’=92.8%). No significant difference was found
when comparing the SE and TE patients (0.03 mm; 95%
Cl-0.25, 0.32; P=.813).

Vertical Deviation

The type of edentulism did not significantly influence
the amount of vertical deviation (P = .629). The average
vertical deviations were 0.58 mm (95% Cl| 0.37, 0.79)
in the SE group, 0.51 mm (95% CI 0.19, 0.83) in the
PE group, and 0.47 mm (95% CI 0.01, 0.95) in the TE
group. None of the mean differences were significant
in the PE and TE groups (-0.09 mm; 95% Cl 0.59, 0.41;
P =0.715 and =0.11 mm; 95% Cl 0.58, 0.64; P = .635,
respectively).
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Table 3 Edentulism Type—Meta-regression Results

Coronal deviation (mm)
Overall
Difference
P value

Apical deviation (mm)
Overall
Difference
P value

Vertical deviation (mm)
Overall
Difference
P value

Angular deviation (mm)
Overall
Difference
P value

SE (reference)
1.00 [0.65; 1.35]

SE (reference)
1.34[1.20; 1.48]

SE (reference)
0.58 [0.37; 0.79]

SE (reference)
3.18[2.62; 3.75]

PE TE
0.70[0.63; 0.77] 1.18[0.97; 1.39]
-0.32 [-0.71; -0.05] 0.18 [-0.16; 0.52]
.09 297
PE TE
1.02 [0.90; 1.15] 1.39[1.19; 1.60]
-0.34[-0.69; 0.01] 0.01[-0.27; 0.29]
.053 813
PE TE
0.50[0.19; 0.83] 0.47 [-0.00; 0.95]
-0.09 [-0.59; 0.41] -0.11[-0.64; 0.41]
715 .635
PE TE
2.35[2.18; 2.51] 2.77 [2.52; 3.02]
-0.77 [-1.29; -0.25] -0.38 [-0.84; 0.07]
.004 .096

SE = single edentulous; PE = partially edentulous; TE = totally edentulous.

Angular Deviation

The overall meta-analysis results revealed a significant
influence of the type of edentulism on the amount of an-
gular deviation (P < .001). The PE group demonstrated a
significantly better control of angular deviation—with an
average value of 2.35 degrees (95% Cl 2.18, 2.51)—than
the SE and TE groups (3.18 degrees; 95% Cl 2.62, 3.75
and 2.77 degrees; 95% Cl 2.52, 3.02, respectively). The
difference between the SE and PE groups was statisti-
cally significant (-0.77 degrees; 95% Cl -1.29, -0.25;
P=.004; I’=72.2%). However, the difference between
the SE and TE patients was not significant (-0.39 de-
grees; 95% Cl-0.84, 0.07; P = .096).

Influence of Surgical Guide Support

All detailed results regarding the influence of the surgical
template (tooth- [T], mucosa- [M], and bone- [B] sup-
ported groups) on the implant positioning accuracy are
shown in Table 4.

Coronal Global Deviation

The overall meta-analysis revealed a significant influence
of the type of surgical guide support on the amount
of coronal global deviation (P = .015). Coronal global
deviation was lowest for the T group with an average
deviation of 0.79 mm (95% Cl 0.58, 0.99) followed by
the M group (1.10 mm; 95% C1 0.86, 1.34) and B group
(1.46 mm; 95% Cl 1.20, 1.72). The meta-regression
analysis of the T and B groups revealed a statistically
significant mean difference of 0.68 mm (95% Cl 0.08,
1.28; P=.027;1’=98.6%) in favor of the T group. How-
ever, no significant difference was found between the T
and M groups (0.31 mm; 95% C|-0.06, 0,68; P=.096).
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Apical Deviation

The global analysis revealed a significant influence of
the type of surgical guide support on the amount of
apical deviation generated (P=.015). The average apical
deviations were 1.26 mm (95% ClI 1.10, 1.41) in the T
group, 1.34 mm (95% CI 1.10, 1.58) in the M group, and
1.57 mm (95% Cl 1.42, 1.71) in the B group. No sig-
nificant differences were found between the T and M
groups (0.08 mm; 95% C1-0.20, 0.36; P=.58) and the
T and B groups (0.31 mm; 95% CI-0.13, 0.76; P = .16).

Vertical Deviation

No significant influence of the type of surgical guide on
the amount of vertical deviation was observed (P = .84).
The average vertical deviations were 0.52 mm (95% Cl
0.43, 0.61) in the T group and 0.47 mm (95% CI-0.00,
0.95) in the M group. No significant difference was found
between the T and M groups (0.02 mm; 95% Cl-0.22,
0.27; P = .85). Groups T and B could not be compared
because no data were available.

Angular Deviation

The overall meta-analysis revealed a significant influence
of the type of surgical guide support on the amount of
angular deviation generated (P =.01). Angular deviation
was smaller in the T group at 2.55 degrees (95% Cl
2.27, 2.84) than in the M group (2.63 degrees; 95% Cl
2.39, 2.88) and the B group (3.53 degrees; 95% Cl 2.95,
4.10). The meta-regression revealed a significant mean
difference between the T and B groups (0.98 degrees;
95% C10.21, 1.76; P= .01, I’ = 81%). Nevertheless, the
mean difference between the T and M groups was not
significant (0.1 degrees; 95% Cl 0.21, 1.76; P = .64).
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Table 4 Surgical Guide Support—Meta-regression Results
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Coronal deviation (mm) T (reference)
Overall 0.79 [0.58; 0.99]
Difference
P value

Apical deviation (mm) T (reference)
Overall 1.26 [1.10; 1.41]
Difference
P value

Vertical deviation (mm) T (reference)
Overall 0.52[0.43; 0.61]
Difference
P value

Angular deviation (mm) T (reference)
Overall 2.55[2.27; 2.84]
Difference
P value

M B
1.1[0.86; 1.34] 1.46 [1.20; 1.72]
0.31 [-0.06; 0.68] 0.68 [0.08; 1.28]
.096 .027
M B
1.34[1.10; 1.59] 1.57 [1.42; 1.71]
0.08[-0.20; 0.36] 0.31[-0.13; 0.76]
.584 163
M B
0.47 [-0.00; 0.95] NP
-0.05 [-0.36; 0.26] NP
757 NP
M B
2.63[2.39; 2.88] 3.52[2.95; 4.10]
0.10[-0.32; 0.52] 0.9810.21; 1.76]
.639 .012

T = teeth, B = bone, M = mucosa, NP = not performed.

DISCUSSION

The findings from this meta-analysis revealed that static
fully guided keyless systems are significantly more accu-
rate than conventional drill key systems, mainly in terms
of coronal deviation (P =.009). Angular deviation values
were also smaller for the keyless systems, and there was
a statistically significant difference from those with the
drill key systems (P = .063). Therefore, the null hypoth-
esis was rejected. In contrast, no significant differences
were found between the systems in apical and vertical
deviations. To the best of our knowledge, no previously
published meta-analysis has focused on the accuracy of
static-guided systems according to the drill key modal-
ity. Because keyless static-guided systems are relatively
new, they have not been used in clinical trials included
in previous meta-analysis studies.'%2°

In terms of coronal deviation, the present review found
a mean deviation of 1.04 mm vs 1.0 mm reported by
Van Assche et al'® in 2012 and 1.10 mm reported by
Bover-Ramos et al?? in 2018. Regarding apical deviation,
Bover-Ramos et al?® and Van Assche et al'® found identi-
cal mean apical deviations of 1.40 mm, while the present
meta-analysis revealed a mean value of 1.31 mm. Vertical
deviation also remained similar: in the present study, a
mean vertical deviation of 0.50 mm was estimated, while
Van Assche et al'® found a value of 0.6 mm and Bover-
Ramos et al?? reported slightly higher values at 0.74 mm.
Angulation control seems to be significantly improving
over time, with an angulation deviation of 2.74 degrees,
while Bover-Ramos et al?® estimated a mean of 3.98
degrees and Van Assche et al'® reported a mean of
4.2 degrees, considering that all three meta-analyses

included different studies. Only one common random-
ized controlled trial was found between this study and
the meta-analysis by Bover-Ramos et al.?° The accuracy
of a conventional static-guided surgery system involving
the use of a drill key appears to improve over time and
allow certain predictability. In contrast, the same as-
sumption cannot be made for keyless systems because
more perspectives and investigations are required.

The type of edentulism was shown to have a consider-
able influence on the amount of deviation generated.
Overall, the PE group had lower deviation values than
the SE and TE groups. Angular deviation was significantly
lower in patients with PE than in those with SE. Although
lower, no statistically significant difference was found in
coronal, apical, and vertical deviations. Again, although
overall deviation values were somewhat lower in the SE
group than in the TE group, no statistically significant
difference was found between these groups. Overall,
our results are in accordance with the International Team
for Implantology consensus published in 2018, which
reported that the state of edentulism (partial or full)
influences the final accuracy of static-guided surgery,
with lower mean deviations for PE patients than for fully
edentulous patients.3°

Regardless of the drill key modality and type of eden-
tulism, surgical guide support had a significant influence
on the amount of deviation generated. Tooth-supported
templates provided significantly more accuracy than
bone-supported templates for all parameters except
for vertical deviation, where data were insufficient
to perform meta-regression analysis. However, these
differences were not significant between mucosa-
supported and teeth-supported templates, although the
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latter showed minor deviations. These results are in line
with most of the recent literature,'%-31-33 even though a
few older studies found better accuracy with mucosa-
based templates.’3* It was assumed that the use of
fixation screws and the consequent guide stability may
be responsible for these results.!17.35.36 Nevertheless,
although fixated, micromovements of mucosa-based
surgical templates have also been reported.?4:31.37.38

Finally, the presence of tolerance between the drill
and sleeves is often considered to be responsible for in-
creased deviation values,®10.11.20.24,29.34,36.39 inflyencing
the overall deviation resulting from the accumulation of
errors throughout the entire workflow.'0:20.22,24,29,40-42
The 62.7% of the total implant positioning error may
be related to the properties of the sleeve/drill combina-
tion.#344 To minimize the tolerance-originated deviation,
it was suggested to increase the drill key height or reduce
the free drilling distance apical to the guided sleeve.®3%4>
Reducing the sleeve diameter was also suggested.3%46 As
a consequence of these observations, tolerance devia-
tion control seems to be superior in keyless systems vs
conventional drill key systems, which could explain the
overall accuracy results.'217.25.26.39 Thus, using keyless
systems may enhance the implant positioning accuracy of
guided systems by minimizing deviation-related factors
associated with the sleeve and drill combination.!”:2526.39

Additionally, keyless surgical systems may or may not
require the use of metallic sleeves, depending on the
manufacturer. In the present study, sleeveless surgical
templates were used in five studies of the seven clini-
cal trials in the keyless group, whereas metallic sleeves
were still used in two studies.?”-?8 The use of CAD/CAM
sleeveless templates was shown to reduce the toler-
ance by increasing the contact between the drill and
the drill guide or drill key.'2/:39.47 Although friction was
confirmed both with and without a metallic sleeve,®
the contact between the sleeveless templates and the
drill shank was smooth, and the friction coefficient was
low.2> Recent observation of sleeveless templates af-
ter drilling under a scanning electron microscope con-
firmed these findings and revealed a pressed, flat, and
squeezed surface of the template as if the “skin was
pressed against a glass window.”#” After drilling, the
inner surfaces of the metallic sleeves revealed obvious
marks of friction with the drill, indicating a higher toler-
ance level than that of the sleeveless templates.#’

The main limitation of this meta-analysis was the lack
of high homogeneity between publications. Although
only prospective clinical trials were included, high and
inevitable heterogeneity was present due to the diversity
of clinical procedures between the authors. The large
number of study variables and potential deviation factors
made interstudy comparisons difficult. In particular, the
discrepancy between the studied populations in terms
of the type of guide support and the type of edentulism
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involved an eventual risk of bias. Additionally, the limited
literature available regarding keyless systems is a rela-
tive limitation. Indeed, three of the seven clinical trials
included in the keyless group were conducted by the
same investigation team, which could have influenced
the overall results. Also, data screening was not per-
formed by two calibrated reviewers as recommended by
Cochrane guidelines but by a single investigator. More-
over, only a single database was searched. Considering
those limitations, the results of this meta-analysis should
therefore be interpreted with caution.

CONCLUSIONS

Keyless static fully guided surgical systems allow for
significantly better control of coronal implant deviation
than conventional drill key systems. Angulation control
is also superior when using keyless systems. The types
of edentulism and surgical guide support seemed to
influence the positioning accuracy. Partially edentulous
patients and tooth supported guides showed the best
accuracy results. Future investigation about guided
implant surgery development should focus on keyless
mechanisms because they seem to enhance implant
positioning accuracy.
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Appendix Fig 1 Traffic light plot—bias risk assessment for studies involving a randomization process (Cochrane Risk of
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Appendix Fig 2 Summary plot—bias risk assessment for studies involving a randomization process (Cochrane Risk of Bias—RoB 2).
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Risk of bias domains

Domains: Judgement
D1: Bias due to confounding.
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D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Appendix Fig 3 Traffic light plot—bias risk assessment for nonrandomized trials (Cochrane Risk of Bias—Robins 1).
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Appendix Fig 4 Summary plot—bias risk assessment for nonrandomized trials (Cochrane Risk of Bias—Robins 1).
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Appendix Fig 5 Forest plot for coronal deviation analysis.
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Appendix Fig 6 Forest plot for apical deviation analysis.
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Appendix Fig 7 Forest plot for vertical deviation analysis.
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Appendix Fig 8 Forest plot for angular deviation analysis.
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