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ABSTRACT

Objective;, To comparethe accuracy of computguided surgery and freehand surgery

flapless immediate implant placemghP) in the anteriormaxilla.

Material’ and“Methods: In this splitmouth design24 maxillary incisorsin 8 human cadaver
heads wergandomly dividedinto two groups computerguided surgery (nt2) and freehand
surgery (n#2). Preoperatively, conbeamcomputed tomographCBCT) scars wereacquired,
andall implants were planned with software (Blue SkyPlan3. Then,two types of surgeries
were performed.To assessany differencesin position, the postoperative CBCT was
subsequentlynatched with the preoperative plannif@r all the implantsthe angular, global,
depth, bucco-lingualand mesieadistal deviations between thevirtual and actual implant

positions were measured.

Results: A significant lower mearangular deviation (31+1.55, range:0.66—4.95p=0.002),

as well agheglobal deviation atboth coronal 0.854+0.38 mm, range0.42-1.51p=0.004) and
apical level(0:93+0.34 mm, range:0.64-1.72,p<0.00) were observedn the guided group
when compared tthe freehand groug6.78+ 3.31°, range:3.08-14.98; 1.43 0.49mm, range:
0.65-2.31, and 2:20.79mm, range1.01-4.02)However, the accuracy tiesetwo approaches
was similar for thedepth $=0.366. In thebuccaldirection,the meandeviationsof both groups

showed a.genera¢ndency of implants to be positioned faciathgcurring more inmplantsof

the freehand-group.

Conclusion: In flaplesslIP, computerguidedsurgery showed superior accurabgan freehand
surgery intransferring the implant position from the plannikipwever, @enwith the help ofa
guide, thdinal fixture positiontendsto shift towardsa facial direction

INTRODUCTION

Immediate implant placement (lIP) gained populagitgong clinicians and patienue to its
shoter treatment timdewer surgeriesand similar survival rate tdelayedolacement (Lang et al.

2012).When performing IIPa flaplessapproachs recommendeébr the preservation délood
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supply to the facial bonand providingbetter soft tissue healin@s well aspatient comfort
(Mazzocco et al. 2017However,the benefits of flapless IIP could turn into an aesthetic disaster
when periimplant mucosé recessionhappen Chen & Buser 2014 This recession may be
influenced by averalfactorsand ame of whichis the facial malposition of implast(Chen &
Buser 2009Cosyn et al. 2012)it has been claimed thatnplants with a buccalypositioned
shouldershowedthree times more recession than those with a lingupbsitioned shoulder
(Evans'& Chen2008).

With the advent othreedimensional (3D) imagingndimplantplanning softwargpreoperative
designfor a “presthesigiriven” implantpositionbecomes a realityl he accurateransferof an
ideal implant position fronvirtual planning to thexctualimplantsite is essentiafor protecting
vital structuresaswell asoptimizing esthetic and functional outcos@/an Assche et al. 2012)
In clinical practice three differenapproachs are available for this transfer: freehacdmputer
guided, and_computenavigated surgeryNoharet et al. 2014)The freehandapproach,also
called meptal=navigatiomns a scenario in which the cliniciananually transferthe CT planned
implant positien to the surgical sitéhile having access to the virtual software planrdngng
surgery(Vercruyssen et al. 2@). Computer-guided surgery involvghe use of @omputer-
aided manufacted surgical templateto keep drills and/or implant ina certain direction
Computernavigated surgeryequires the application of a systemwhich provides reatime
information of implant placement although it has not yet been considesila common

approach.

The accuracyf computerguided implant surgergan be influenced bgach stegrom image
acquisitionto implant insertionIn recent yeargjifferent metaanalysegSchneider et al. 2009
Jung et al..20097an Assche et al. 201BoverRRamos et al. 201 Have repordits deviations
global deviation atboth entry (mean:0.88-1.44nm) and apex (mean:1.11-1.9Inm); angular
deviation_(mean:2.39-4.30°) depthdeviation(mean: 047-0.83nm). Similarly, the accuracy of
mental navigation haalsobeen reported in full (Gillot et al. 2014aVercruyssen et al. 2015y
partialy edentulous siteg§Noharet et al. 2024vVan de Velde et al. 2008/ermeulen 2017)
However,thereis scarcditeraturecomparng guided surgery and freehand appro@ébharet et
al. 2014 Vermeulen 2017)Besides, rast of the literature onlgescribé thedeviations in3D
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terms (global, angular and depth deviations) didnot provide informationin clinical-related
directions (buccdingual and mesialistal). In the process dfiP in the anterior maxilladue to
the morphology of the socketrills and implans are likely tofollow the pathway with the least
resistancewhichresuls in an implantposition facial to the plart should be noted thalis shift
may occureven with thehelp of surgicalguides Yan Assche & Quirynen 201Gchneider et al.
2015), et o the best of our knowledgenly onearticle (Koticha et al. 2012passessedthis
phenomenonin™ [IP. In Koticha’'s study, implant drilling procedures were guided by a
thermoplastic™drill template anfcial displacementvas measured using a periodontal probe
together with a' measurement stdiuittle is knownon howimplant 3D position deviates when
freehandedrgseomputer-guidedurgeryapproachesre employed fothe implant placement in

anterior extraction socket

The purposeof this pilot cadaverstudy was to compare the accuracyreEhand and computer-
guided surgery on flaplegmmediate implant placemeint theanteriormaxilla.

MATERIALAND METHODS

Specimen:Screening

The presentstudy has been approved by the Institutional Review Boards of the University of
Michigan (Study ID: HUMO00134643)In order to mimic the clinicakituation as closely as
possible, we used fresh cadaver lsaithout formaldehydeAll the freshspecimens involved in
this study were, obtained from the Division of Anatomic Sciences at the Unyvefsvtichigan
Medical School. After harvestifrom the anors, the headserekeptfrozen at-20 °C, and were
defrosted befor¢he initiation of the experiment. Tteelection of the specimens was based on
the following inclusion criteria: 1)atleast onemaxillary incisor andits contralateral tootlwere
presentand=intact; 2) no clinical mobilityor crowding; 3) enougladjacent teetHor tooth
supported=guide design) 4dequate apical bone of study tooth for implant primary stability
(confirmedsby preoperative CBCT)) no buccalpalatal dehiscencer fenestration around the
study poth (cenfirmed by preoperative CBCT apdobing after tooth extractigrand § no
restorationor root canal filling materiabn the rest upper teetA.total of 8 out of 30 specimens

fulfilled the criteria,and potentiaimplant sites wer@4.
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Implant planning

All the 30 cadaver heads were scanned by an experienced operator eigdp@am computed
tomographyscanner 3D Accuitomo 170J Morita, Kyoto, Japan). Theettingfor exposurevas

5 mA and90 kVpfor 17.5 s.The field of view (FOV) was 140*100mmand he voxel sizewas

set at0.27mm=A customized head stent was usedtabilize the specimeand cotton rolls were
used toseparate upper and lower teelimages werehen converted into DICOM filesAfter
specimen‘sereeningnpressions for involvetlead were takerby alginateimpressionsJeltrate
Plus Dentsply“Caulk, Milford, Dt Diagnostic plaster casts were pouf&ticrostone; Whip

Mix Corp, Louisville, KY), and scanned by an optical scan(obel Procera scanner; Nobel
Biocare Zurichy, Switzerlangto generate STL fileDICOM and STL files were imported into
Blue Sky Plan3 (Blue Sky Bio; LLC, Grayslake, k9ftware andthe STL file was registered to
the 3D model created with manual segmentatib®DICOM file. Specifically,data registration
was performedy maximization of the mutual anatomical structures, during whicleastone
landmark was placed in the anterior regiangtwo in each ofthe right andeft posterior regions
The goodnesstof superimposition of the twesfwas checkedh the crosssectioral view. Then,
virtual implantplanningwas performed or24 incisors Only one representative size of implants
from Zimmer implant system was used for all study sites (x 13 mm, Tapered Screw Vent;
Zimmer/Biomet3i, West Palma BeadhL). Before allocéion, all implant position was planned
according tothe criteria described by Buser et al. (2004) and in the cingulum axis of the
extracted tooth (Koticha et al. 2012). During the planning, we used the originattooth asa
future prosthetic crowriThen stereolithographic guides were fabricated bypgp@nter (Form 2
SLA 3D printer Formlabs,Somerville, MA using a liquidphotopolymerized resin (Clear;
Formlabs; Somerville, MA)After thetemplatewas printed, it was washed twice witoproyyl
alcoholand dried.Surgical sleeves (4.2 Guide Tube; Blue Sky Bio, LLC, Grayslake, IL) were
inserted and_ predgted into the corresponding position in the surgical guide. The guide then

underwent final polymerization.

Tooth extraction and implant placement

This study followed a randomized sptitouth design. One maxillary centré@nd/or lateral)

incisor and the contralateraboth from eachspecimen were selected asstudy siteEach site
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was randomly assigned to one of two grospghat each specimen received at least one implant
from eachgroup. For the freehandgroup, the surgeon was allowed to manipulate the eross
sectional images and 3D reconstructionthe computer to obtain better views of anatomic
structures_as well as plaggh implant position. After tooth extractioa,pilot drill was usedo
perforatecortical bone on palatal sockefall to reducethe resistanceThen the implant was
placed according to the manufacturer recommended proc€figeslA-1C), with thereference

of neighboringteeth and maximal 3D radiographic information tfi@guided grougpllowing
tooth extractionjmplant site preparation was performasingcommercially available surgical
guide kitsiandnstruments (Zimmer Surgical Kit and Tube Adapter Kit; Zimmer/Biom&&ist
Palma BeachFL) (Figs 1D-1F). During implantsite preparation, the metal sleeve seras the
guidance fordrill key which wasinserted into the sleevéfter the osteotomy, an implamias
placedwithout the guide (Fig 1G & H).

Validation of the Technique

Following implant placement, a seco@BCT scan wasppliedwith the settings identical to
those in the firsbne Subsequently, the postoperatidatawas matched withthe preoperative
planning<bya 3D voxelbased registratiothat is based on multimodality image registration
usingmaximization of the mutual information (Maes et al. 199Vith the aligned data sets, the
actualimplantpositionswerecompared with the virtually planned positions, and deviaticere
determined“in“three dimensioiiBig. 1l and 3. The global deviation wadefinedasthe 3D
distanceof ‘eoaronal/apical centdoetweenthe actualand virtual implant position The angular
deviationwas calculatedas the 3D angle between the centerlinesttod placed and planned
implant (a). Theglobal deviationwasdecomposed in a part along the axis of the implant (the
depth deviation) and a part perpendicular to it (Hteral deviation).In order to find out the
exact deviation'iluccotingual and mesialistal directios, thelaterd deviationwassubdivided
into a part.along theuccallingual axisand a part perpendicular to(ihe mesiedistal deviation)
Regardingthexdepth buccelingual and mesialistal deviations,the absolute value of these
deviations was reported. Also, in order to illustrate these deviatiorexdnt directiors, a
negative value was used whéme actual position was coronal/lingual/distal tiee planned

position,anda positive value corresponded to apical/buccal/mesial placement comparetewvith
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plan. Besides, perforations ofhe incisive canal or apical buccal bone werassessedn

postoperative CBCimages

All matching=process and measurements were performed by one observer (ZZC) twice to
estimate intrabbserver variability.For the evaluation of intesbservervariability, a second
examiner (JYL) randomly selectédpre-& postoperativeCBCT images to peofm matching
and accuracy calculatioof global, angular, depth, buctiogual and meskalistal deviations
The intraclassucorrelation coefficient (IC@y intraand interobserver reliabilityranged from

0.85 to 0.94prepresenting a high agreement.

Statisticalanalysis

For the description of data, number of observatiomgan, minimum (Min), maximum(Max)

and standard deviation (SD) were presented. All statistical analyses were performed using
software packageSPSS, version 23.6PSSInc., Chicago, IL, USA).Normal distribution of
data wasevaluatedby the KolmogorovSmirnov testand theequality of variance was checked
by Levene's Tesindependensamples t{est wasused tocomparedeviation parameteisetween

the computeguided andfreehandgroups.The numbes of anatomical perforatian (incisve
canalor apical buccal boneyjere compiled for bothgroupsand compared with Fisher’'s exact

test.All reportedp values are twsided and thdevel of significance was set at 0.05.

RESULTS

Adequategprimary stability with an insertion torgd@ Ncm was achievedn all 24 implants.

The parameters for the guidedd freehandgroupsare summarized in Taldel and 2 for all

implants. The box plots illustrating the differences betwdleese twatechniques are shown in
Figure 3A-D). In Table 1, the global (coronal and apical), angudad depthdeviations are

presentedThegstatistical test found significadifferences in accuracy in favor @abmputer-

guided "greupfor the deviations of global (coronap=0.004; apical: p<0.001), and angle
(p=0.002). However, no significant difference was found for the depth devigtin336.
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The lateral, bucctingual, and mesialistal deviations were presented in TableTRe lateral
deviations were significantly larger in the freehand group in both cof{pn@l007)and apical
(p<0.001) level when compared with the guided grokpr the absolute value bluccaelingual
deviations greatedeviations were found in freehand graatboth coronafp=0.033)and apical
(p=0.003) level. Thenwhen considering the exadirection, he results showed th#te actual
implant positionf both groups were buccal to the pl&maller mean values of buccal shift at
the coronal™and apical level were found in the guided group (0.32+0.32 mm, 0.33£0.51 mm)
compared“witithosein the freehand group (0.46+0.86 mm, 0.71+1.45 mm), but none of these
differences were statistically sigruéint (p=0.640; p=0.403Jor the absolute value ofesic

distal deviations, greater deviation was found in freehand group at pp@X@1).In mesio

distal direction; no obvious tendency towaeithermesial or distal was found in both groups at

apex andex points.

As a consequence of the malposition, perforatiohsncisive nervecanal or buccal bone
fenestratiomnwere seen ir83.3% (8/24) of the implant locationéTable 3)when checkedn all
postoperatives€CBCTmages These were located ib6.7% @/12) sites ofthe guided group and
50% ©/12)ef the freehand groupncisive nervecanal invasioawere seen i12.5% (/8) inthe
guided greup, and 37.5%3/B) in thefreehandgroup. Apical buccal bone perforations were
observed in 8.3% (1/12) in the guided group and 25% (&i1Rg freehand group.

DISCUSSION

This study shewed thatomputer-gided surgery was more accurate than freelosedn IIP for

both global coronalandapcal) and anglar deviations.This wasin accordance with previous
studiescomparing these two approachesartialy or fully edentulous site§lrable 4)(Noharet

et al. 2014Vermeulen 201;7Vercruyssen et al. 2014Regarding the guided groupet average
deviationswere0.85+0.38 mm (range: 0.42.51mm)for the coronal deviation0.93£0.34 mm
(range:_0:641.72mm)for the apical deviation, an8.11+1.58 (range: 0.664.95°) for the
angular deviation (Table 1)Although no previous study assessed 3D deviations regarding
computerguided immediate implant surgery in the anterior maxilla, studies in partially
edentulous zones using toethpported stereolithographic guides showed similar results when
compared with the present study (Noharet et al. 20&dmeulen 2017Ersoy etal. 2008 Ozan
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et al. 2009Van Assche et al. 20L0regardinghe freehand groupt iis difficult to compareour
resultsto previousy published dataue to different methodologies used in these studies (Table 4)
(Van de Velde et al. 2008 ercruyssen edl. 2014 Gillot et al. 2014. However, d thesestudies
showed theactualpositionof installedimplantswith the freehand approactiiffer significantly

from ther plamed position even thougheighboringteethand 3D radiographic information
could beusedas a reference

The depth deviation has been discussed in 2 papers (Noharet et aV@@idyssen et al. 2014)
comparing guided and freehand techng@®th studesfound no significant difference between
the twoapproacheswhich werecomparableavith theresults of thegpresent studyFromour data
implants wererplacesh a more coronal positiofor both groups compared their virtual plan.
These implantsvere inserted withowu guideso that the depth deviation may be estimated as a
consequence_dfifferent referencdandmarks chosen i@BCT and clinical situatianAlso, the
flapless procedurtends to increase the difficultyf site preparation and implant insertion depth
control duerterthe lack of visibility (Oh et al. 2007).

Besidegparameters (global, angular, and deg¢wiations)normally used in previous studjege
presentedstwadditional parameters (bucelingual and mestkalistal deviations) that are more
clinically relevant.The deviationin the bucal direction may havea major influence orthe
buccal bongecessionhamperingesthetic or functional outcomewhile mesicdistal deviation
can lead to"the invasion of surrounding anatomical struc{iieesincisive nerve canaland
adjacent roets)Therefore, ti is crucial to estimate the risk ofmalpositionin both mesicdistal
and buccalingual directiors. Some studieseporedthese two deviationat entry pointsn fully
edentulous sitefverhamme eal. 2013; Vercruyssen et al. 2014, 2))1&nd foundho tendency
towards anyparticular direction. In accordance witlthe above studiesthe presentesults
showedno, obvious tendency towards either mesial or distal in both grdMipen considering
the absoluteswvalue of mesuistal deviation, the deviatiost apexwas found to beignificantly
larger in the freehand group compared withat in the guided groupp&0.00), possibly

explaining why a higher rate of incisive canal invasions occurred in the freettand(@able 3).
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Regarding the absolute value of budicgual deviation, greater deviations were found in the
freehand group compared with the guided group at both cofjer@i033)and apicalp=0.003)
level, favoring computeguided surgery. It should be noted thatthebuccaldirection,results

of the meandeviations demonstrated that timeplants placed in botlgroups tendd to move
buccallyat entry and apex pointkiring surgeryTable 2).This apexXentrybuccaldeviation may

be causedduring theproaessef drilling and implant placemeriEigure 4) For the implant site
preparationdrills are more likely teslide alongthe palatal wall othe socket which createsa
tendency 'ofmoving buccally at theapex. When comparinghe buccal deviation betweethe
guided and freehand groupgreater mean valueas found at the apex poirghowinga more
buccal shift insthe freehand group. This ressilin an agreement witta higher rate of buccal
bone fenestration in thigeehandgroup (Table 3)It should be noted thaturing implant site
preparation in socket site is crucial yet can be difficult t&keepthe drill in a centraland
parallelpositionwith regard to the drill keyVan Assche & Quirynen 2010) his passive fit of
drills, as well aghe tolerance of surgic@lomponentgresinto-sleeve, sleev#o-drill key, and
drill key-te=drill), can introduceinaccuracyinto actualimplant sites (Koop et al. 2013)'he
stability of'drills can be increased by selecting a longer drill key and skeweer drill,and by
reducingthe_distance between the sleeve and the bone if possible. This can be comkatered
implant_planning and guide design are performed (Van Assche & Quirynen 2010). In addition,
penetratiorof the socketvall with around burcan be performebefore the drilling procedure
minimize buccal movement of the drill during osteotome prepatatiocording to the results
buccal deyviation was presantboth groupsbhut tend to be less in the gudigroup Thisbuccal
deviation @nspartiallyraise from the manual insertion of implamiecausehe implant always
tends to followa more buccabathwaywhich hadess resistanc@~igure 4b) Adaptation of fult
guidedsystem,during which boththe drilling andinsering are undeguidancemay minimize

this deviation.

The resultssshould be interpreted with caution dughéolimited sample sizdn addition, an
increase in“deviatiomight be caused byealtlife clinical elements, such disnited interocclusal
distance poorer visual control, possible movement of the patient, and the presence of blood and

saliva(Jung et al. 200950me ofwhich thepresent cadaver study can’t reflect.

This article is protected by copyright. All rights reserved



CONCLUSION

Within the limitations of the present study, impkmh immediate implant placemeihave a
tendencytowardsbuccaldirectioneven under computguided surgery. For neguided surgery,
the inaccuracy_is significantly higher in most thie parametersvhen compared to guided

surgery.
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Table 1. Calculated differences between planned and placed implants in terms of global, angular,
and depth deviations.

Guided surgery Freehand surgery

*

Deviation' Type Mean Min-Max SD Mean | Min-Max | SD P
Global Coronal 0.85 0.42-151 | 0.38 | 1.43 | 0.65-2.31| 0.49| 0.004
deviation Apical 093 | 064172 | 0.34| 220 | 1.01-4.02| 0.79 | <0.001
Angular deviation 3.11 0.66-4.95 | 1.55 | 6.78 | 3.08-14.98| 3.31| 0.002
Depth Absolute value 0.50 0.18-1.00 | 0.26 | 0.60 | 0.09-0.97| 0.26 | 0.366
deviation | Considering directior] -0.32 -1.00-0.64 | 0.48 | -0.25 | -0.93-0.97| 0.63| 0.757

* Independent-Samples T teat0.05; Min: minimum; Max: maximum; SD: standard deviation;

Negative value‘means the deviation towards coronal direction.

Table 2. Calculated differences between planned and placed implants in terms of lateral, bucco-

lingual, and mesio-distal deviations.

Guided surgery Freehand surgery
p*
Deviation Type Mean | Min-Max SD | Mean | Min-Max SD
Lateral Coronal 0.62 0.27-1.23 | 0.32| 1.09 | 0.32-1.68 | 0.45| 0.007
deviation Apical 0.73 | 0.36-1.31| 0.25| 2.04 | 1.32-3.96 | 0.78 | <0.001
Absolute value 0.42 | 0.18-0.81| 0.19| 0.80 | 0.2-1.56 | 0.51| 0.033
Coronal
Bucco- Considering direction| 0.32 | -0.42-0.81| 0.34 | 0.45 | -0.92-1.56| 0.86 | 0.640
lingual
deviation ' Absolute value 0.53 0.2-0.85 | 0.24| 1.38 | 0.15-1.79 | 0.76 | 0.003
Apical
Considering direction| 0.33 | -0.55-0.85| 0.51| 0.71 | -1.63-3.20| 1.45| 0.403
Mesio- | Coronal Absolute value 0.30 | 0.03-0.70 | 0.23| 0.40 | 0.08-1.01 | 0.26 | 0.334
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distal

deviation

Considering direction| -0.04 | -0.7-0.66 | 0.39 | 0.22 | -0.51-1.01| 0.44| 0.135

Avical Absolute value 0.43 | 0.18-0.95| 0.26| 1.12 | 0.34-2.01 | 0.49 | <0.001
pica

Considering direction| 0.12 | -0.58-0.82| 0.50| 0.10 | -2.01-1.63| 1.26 | 0.972

" Independent=Samples T test0.05; Min: minimum; Max: maximum; SD: standard deviation;

Negative value means the deviation towards lingual direction or distal direction.

Table 3. Number of perforations divided by surgical approach

Guided surgery | Freehand surgery p* Total
Incisor nerve canal invasion 12.5% (1/8) 37.5% (3/8) 0.57 25.0% (4/16)
Apical buccal bene penetration 8.3% (1/12) 25% (3/12) 0.59 12.5% (3/24)
Total 16.7% (2/12) 50% (6/12) 0.20 33.3% (8/24)

*Fisher’s exaettest, a=0.05.

Table 4. Summary of 3D deviations between implant planning and placement, with values from

the literature involving freehand approach for comparison.

Deviation: mean (SD)
, Study Implant | Sample
Comparison : ) _ Global (mm) Angular Depth Lateral (mm)
(design) site size (n) : :
Coronal Apical (degree) (mm) Coronal | Apical
G:12 0.81(0.40) | 0.93(0.34) | 2.11(1.55) | -0.31(0.48) | 0.62(0.32)| 0.73(0.25)
Presentistudy .
Incisor
(cadaver) F:12 1.32(0.50) | 2.20(0.79) | 6.78(3.31) | -0.25(0.63) | 1.09(0.45)| 2.04(0.78)
Guided vs. Noharet o
Ooharet et a .
Freehand Premolar & G:19 0.93(0.65) | 1.14(0.89) | 3.99(3.46) | 0.18(0.46) NA
(2014) |
molar .
(cadaver) F:20 2.06(1.14) | 2.27(1.24) | 9.18(4.28) | -0.29(1.01) NA
Vermeulen et| Anterior G:40 NA NA 2.19 0.42 0.52
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al. (2017) maxilla
. F:40 NA NA 7.63 0.78 1.27 1.28
(resin model)
E-
specialists: | 3.67(0.66) 7.74(4.55) 3.64(0.70) | 0.71(0.34) NA
Van de Velde 8
et al.(2008) | Incisor area| F-dentists: NA
) 2.65(0.51) 11.56(6.34) | 2.54(0.53) | 0.88(0.53) NA
(resin model) 8
Freehand only Fstudents.
g | 4.15(1.27) 5.97(2.23) 4.03(1.28) | 1.04(0.45) NA
Gillotetial: Eul
u
(2024) F:60 1.88(1.02) | 2.33(1.20) | 7.34(3.62) 0.03(1.15) NA
edentulous
(cadaver)

SD: standard deviation; G:

computer-guided surgery; F: freehand surgery; NA: not announced.
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