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Abstract

Objective: To endoscopicallydeterminethe incidence of Schneiderianmembraneperforation during

transcrestamaxillary-sinusfloor elevation(SFE) in relationto the bonepreparationtechnique amountof

bonegraft, nembraeelevationheightanddifferentsurgicalsteps.

Materials and methods. Sevencadavetheadscorrespondingo 12 maxillary sinusesvereusedto perform 3
SFE via transcrestabBpproachper sinus (36 elevations).Each sinus was randomly assignedo either the

Sinus Crestal’/Approach (SCA) drill kit technique(experimentalgroup) or the conventionalosteotome
technique(cantrol“group). During all phasesof the surgery, the integrity of the sinus membranewas

monitoredthroughendoscopi@xamination.

Results: A significantdifferencewasfoundin theincidenceof perforation(P = 0.007) andvertical elevation
height (P < 0.0@L) betweerthe study groups,favoring the expeimentalgroup. A safetyelevationthreshold
of 5 mm without'bene graft and implant placementwas estimated A significant correlationwas observed
betweerresidualridge heightandincidenceof perforation P < 0.00L) (OR =0.51).

Conclusion: The SCA drill kit may demamstratesuperiorosteotomypreparationand membraneelevation
capabilitiesto the osteotomeechniqueandsignificantlywhen6 mm SFEis indicated Residuakidge height

andverticalelevationheightarerisk determinant$actors.
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Introduction

Expansionof the maxillary sinusand resorptionof the residualridge, following uppermolar and premolar
extraction,maycompromisedentalimplant placemenin the maxillary posteriorarea.Maxillary sinusfloor

elevation (SFE) performedeither via lateral window or transcrestalapproach,is usually indicated to

overcomelimitations'in residualridge height (RRH) (Boyne & James,1980) The transcrestabpproach
involves SFE with' simultaneousplacementof an implant (Tatum, 1986) (Summers,1994) The original

procedureconsistsof inwardly fracturingthe sinusfloor by preparingthe implant bed with osteotome®f

increasingdiametersOthertechniquesverelater proposedsuchasthe balloontechnique(Chanetal., 2013)
(YassinAlsabbagh Alsabbagh Darjazini Nahas,& Rajih, 2017)andthe piezotometechnique;a procedure
of standardizedsequenceof designeddrills, trephineand osteotomeqTrombelli, FranceschettiTrisi, &

Farina,2015)(Y. K. Kim, Lee,Park,Kim, & Oh,2017)

Thetranscrestaapproachis alessinvasive,commonlyappliedtechniquefor SFE It's reportedlyassociated
with increasedpatient acceptanceand reducedpatient discomfort when comparedto the lateral window
approac(Emmerich Att, & Stappert2005) Theformeris suitablewherethe relativeresidualridge height
is approximately5 to_ 9 mm, exhibiting good long-term clinical outcomesand minimal complications
(Katraniji, Fotek, & Wang, 2008) (Pjetursson% Lang, 2014) (Lundgrenet al., 2017) However,membrane
perforationis a commonly occurringintra-operativecomplication,with prevalenceup to 40% (Antoanela
Garbaceatal., 2012)

Schneideriarmembraneperforationis often undetectabldy the operatorduring surgicaltranscrestaSFE
procedures,and thissmay impact the probability of postoperativecomplications. Antibiotic use for
postoperativesinusitis,infection andbonegraft failurewereshownto be significantly higherin sinuseswith
perforatedmembraneg¢Nolan, Freemang& Kraut, 2014) (Schwarzet al., 2015) A small perforationwithin
the membranemay resultin communicationdirectly betweenthe sinuscavity and graft material This can
leadto infectionandchronicsinusitis,which eventuallyresultsin lossof graft volumeand/orimplantfailure

(Katranjietal., 2008)
This article is protected by copyright. All rights reserved
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Detectionof membrangerforationsduring andfollowing transcrestaSFEis challenging.Therefore efforts
shouldbe directedtowardsidentifying the toolsandfactorsassociatedavith preventionultimately decreasing
the likelihood of postoperativecomplicationsand improving treatmentoutcomes.Cone bean computed
tomography(CBCT) or periapicaldigital radiographsseemto be less precisethan the endoscopédor the
detectionof Schnederiarmembraneperforationsin humancadaverinvestigations(AntoanelaGarbaceaet
al.,2012)

Hence,the primary aim of this ex-vivo studywasto endoscopicallyevaluatethe incidenceof Schneiderian
membraneperforation associatedwith the different approachedo transcrestalSFE, namey SCA and
osteotometechniques.The secondaryaim was to assesghe associationof membraneelevation height

amountof bonegraft, residualridge heightand the different surgicalstepson the incidenceof perforation

duringatranscrestaSFE.

Materials and method

Study design

Seven, fresh cadaverheadswith fully or partially edentulousmaxillary archeswere provided by the
Departmenbf.Anatomy at the University of Michigan. Thesespecimensverefrozenin atemperaturef -
20°C, after being harvestedrom humandonors to preventstructuralchangesn the tissuesPrior to being
usedin thissstudy, the cadaverheadswere completely thawed for a period of 4 to 5 days at room
temperatureThe University of Michigan (U-M) Institutional Review Boardapprovedthis study asexempt
from oversighttHUM00138166).

The included headscorrespondingto 12 maxillary sinuses(5 bilateral maxillary sinuseswith fully
edentulousmaxillary-archesand 2 wnilateral maxillary sinuseswith partially edentulousmaxillary arches)
were usedto_perform 3elevationproceduresvia transcrestabpproachper maxillary sinus (a total of 36
elevations).Each sinus was randomly assignedto receivea differentelevationtechnique:Sinus Crestal
Approach(SCA)drillzkit (NeobiotechSeoul,SouthKorea)(experimentagroup)or the osteotomeechnique
(control group).. The bilateral maxillary sinuseswere usedin a split-mouth manner,where the test was
randomlyassignedorone sideandthe controlto the opposingside. Meanwhile the two unilateralmaxillary
sinusheadsvereeachrandomlyassignedo oneof the two studygroups.Therandomizatiorwas performed
by a specializedsoftware (ranrdomized.com Shogun Interactive Development2006) number 1 and 2

indicatedtheright sidebe experimentabndcontrol,respectively.

With 18 sinuselevationger studygroup,6 mesialelevationsconsistef membraneslevationonly (without

graft or implant placement)subgroupA). Meanwhile,the remaining12 elevationscomprisedé middle 3
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142 mm (subgroupB) and 6 distal 6 mm (subgroupC) membraneelevationswith bone graft insertion and
143 subsequernimplantplacement.

144

145  Eligibility Criteria

146 Theinclusioncriteriacomprisedhefollowing:

147 e Totally orpatrtially edentulouposteriommaxillary arches

148 ¢ Absenceof sinuspathologyevidentin thethreedimensionaladiologicalassessment
149 e Sinusesnith-arelativelyflat floor asindicatedto be performedn theclinical basis
150 e Maxillary sinusfree fromsinusseptaaspresurgicallyexaminedusingCBCT

151 Specimensvereexcludedif:

152 e Theposteriomaxillary archwasdentate preventingaccesdor atranscrestasinuslift

153 e Theposteriormaxillary archwidth was< 3mm

154 e Thepresencef alargesinuspathologywasdetectedvia the preproceduralCBCT imaging
155

156 CBCT data acquisition

157 Tenting screws(Salvin Dental Specialties,Charlotte, NC, USA) were insertedbilaterally in eachof the
158 maxillary canineareas Thesefunctionedasreferace points,visible in the CBCT image,for measurements
159 andidentificationofsprecisedrilling sitesto be madeacrossthe arch during the surgical procedure.The
160 CBCT scanswere'obtainedby a trained operator(KS) in the Radiology Departmentat the University of
161 MichiganSchoolof'Dentistry.The specimensverestabilizedusingaheadlocator.Eachmaxillary sinuswas
162 examinedpresurgicallyin CBCT scans(3D Accuitomo 170 Tomograph,J Morita, Kyoto, Japan)with a
163 voxel size of 0:08-0:16 mm. Operatingparametersvere setat 5.0-7.0 mA and 90 kV. Exposuretime was
164 17.5s. Limited FOV was selectedfor all images.The CBCT scansof eachheadwere reconstructedvith
165 built-in softwareandanalyzedon adesktopcomputemwith a specializedmplant planningsoftware(Invivo5,
166 InvivoDent, Anatomage,San Jose, CA, USA). The CBCT imageswere evaluatedby one author an
167 experiencedoral,surgeon(JG) on a desktopmonitor (284nch Dell 2407, resolution 192x1200 pixels,
168 refresh rate 59"Hz;"Dell Inc., Round Rock, TX, USA) under room lighting, and at a position of
169 approximately30.emsfrom the monitor. The CBCT imageswere reorientedto get (1) the nasalspineand
170 midline alignedinsthe centerof the imagein the axial slice, (2) the posteriormaxillary segmenin vertical
171 postion in the coronalslicesand (3) the hard palate,aswell asthe floor of the nosein horizontalposition
172 parallelto the groundin the sagittalslices.For the evaluationof intra-examinerreliability, all measurements
173 were performeditwice at different days The mean difference betweenthe two measurementin bone
174  parametersvas0:01 mm (range-0.069 to 0.079). For imageassessmengachsamplewas conductedwice
175 anda meanvalue was obtained(Janneret al., 2011) If a > 0.2 mm differencewas measuredat the same
176 point, a third assessmenwvas performed (Bornstein,Lauber, Sendi, & von Arx, 2011; Froum, Khouly,
177 Favero,& Cho, 2013) Similarly, a secondexaminer(MT) randomlyselectedtwo casesto evaluateinter-
178 examinerreliability, wherea 0.86 InterclassCorrelationcoefficient was obtained,indicating nearabsolute

179 agreement.
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Surgical procedure

An experiencesurgeon(JG) performedthe surgicalproceduregakinginto accountthe CBCT analysisand
measurement® middle crestalincision anda mesialvertical releasingncision abovethe canineareawere
performedto elevatea full thicknessflap. The CBCT measurementmadefrom the tenting screwsto the
planneddrill siteswere extrapolatedo the surgicalsetup, wherethe samemeasurement&ere madeonto
the exposedbone(Figure 1). Bone preparatiorfollowed accordingto implant size, manufacture guidelines
andstudygroupdesign. The depthof preparatiorwasdeterminetasedon the RRH measureadn the CBCT

images.

Sinus membr ane elevation

The experimentalgroup osteotomiesvere performedusing a seriesof increasingdiameterSCA kit drills,
connectedvith/a stopper,accordingto manufactureinstructions(Figure 2A). Stoppergdefinedthe drilling
lengthaccordingto residualboneheightandmembraneslevation In the controlgroup bonepreparatiorand
sinus membraneelevation were performedaccordingto previous publicatiors (Lundgren et al., 2017;
Pjeturssor& Lang, 2014) Bone preparatiorto 1 mm below the sinusmembranewvas performedusingthe
standardmplantdrilling protocol(Zimmer/Biomet 3i, WestPalmBeach,FL, USA), startingfrom the pilot-
drill (g 23 mm) to 3.4.mm of diameter followed by passingwith the osteotomeo fracturethe bonyfloor of
the sinusandinitiating membraneslevation Initially, anosteotomef smdl-diameterandalight malletwere
usedto fracturethe residualbone.Oncebone preparationwas complete,a secondosteotome(g 3.3 mm)
(Hu-Friedy, Chicage, IL, USA)was usedto elevatedthe sinus membranewith precisecontrol of the

penetratioength (Figure2B).

The membrang svertical elevationheight (VEH) was measuredising a calibratedgauge(Neobiotech Seoul,
South Korea). Sinus membraneelevation with or without bone graft and implant placementfollowed,
accordingto the designedexperimentalvorkflow. The mesialelevationsite was performedwithout bonegraft
or implantplacementto the heightsof 3, 4, 5and6 mm consecutivelyuntil perforationwasachievedatwhich
pointthefinal heightwasrecorded The middle anddistal elevationsitesweretreatedwith bonegraftinsertion
and implant placementto 3 and 6 mm, respectively.Particulateallogenic bone graft (enCoreCombination
Allograft, particlesize: 0.251 mm; Osteogenic8iomedical,Inc. Lubbock, Texas,USA) waspackedinto the
osteotany sitein the respectivesubgroupsbeforeproceedingo implant placementThe amountof bonegraft
wasmeasuregriorto'surgeryusing a scientific bascule(Mettler ToledoBalanceAG204, Marshall Scientific,
Hampton NewHampshire USA) to standardizehe exactamountof graft materialfor eachlocation:

1. 0.1lccof bonegraftin themiddlesiteto 3 mm of elevation.

2. 0.3ccof bonegraftin thedistalsiteto 6 mm of elevation.

Zimmer taperedscrewvent dentalimplants(Zimmer/Biomet3i, WestPalmBeach,FL, USA) of 3.7 mm X
13 mm dimensionswere placedonly to the desiredpreplannedheight pertainingto eachsubgroup when

membrangerforatiorwasnot detectedin the middle anddistal sitesafterbonegraftwasinserted.
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Dataretrieval

Residualboneheightandwidth, and sinusmembranehicknesswere evaluatedn eachmaxillary sinusand
at eachelevationsite (mesial, middle and distal) in relationto the tenting screwreferencepresurgically
viewed in the CBCT scans.An endoscopgOTV-S5 Rhinolaryngscope; Olympus, Center Valley, PA,
USA) includedanoptical systemallowing for 90° field of view and 5-50 mm depthof field, wasusedby a
single investigator(MI) to monitor the sinusmembraneperforationduring the sinuselevationprocedures.
Theinserion tubewas3.2 mm in diameterand possessea 130° up/downbendingcapability. A fiber light
projector(RichardWelf model5119USA Medical InstrumentsCorp.VernonHills, Illinois, USA) wasused
in combinationwithsthe fiberscope Intra-surgicalimageswere obtainedandtransferredo a processothat
displaysthe visual acrossa connectedmonitor. For efficiency of time, the endoscopeavas insertedbefore
startingthe STE'surgeryinto the sinusvia an opening(10x5 mm) below the inferior orbital rim. At that
point, the sinusmembranewvas exposedand checkedfor completedefrosting The endoscopémageswere
monitoredby oneinvestigator(MT) duringthe elevationprocedureandthe effectof bonegraftinsertionand
implant placementonjthe membraneintegrity was constantlymonitored (Figure 2C and Figure 2D). The

secondnvestigatomwasinstructedto adjournthe procedurevhenperforationwasvisually detected

M easur ements
The procedurewas deemedsuccessfulvhenthe membranevas elevatedwithout perforation;otherwise,it
wasconsideredafailure. Theelevationwasmeasuredin millimeters)from the alveolarcrestto the topmost
point. The VEH was.calculatedas the final membraneheight minus the RRH. The BPE (Buccopalatal
elevation)wasthe measiredon a crosssectionalkslice of the CBCT image(Figure3A), while MDE (Mesio
distalelevation)wasmeasurean asagittalslice of theimage(Figure3B).
CBCT'’s beforeand after the surgerywere obtainedand a continuousendoscopyprocedureto checkthe
integrity of the.sinus membrane, were monitored during the surgery. All the following
variables/measurementgere obtainedandrecordedat eachof the 3 elevationsitesper sinus,amountingto
36 sites

- Residuaridge height(RRH) (mm)

- Residuakidge width (RRW) (mm)

- MembranekhicknesgMT) (mm)

- Vertical elevationheight(VEH) (mm)

- Buccopalatalelevation(BPE) (mm)

- Mesio-distalelevation(MDE) (mm)

- TheVEH to BPEratio (VEH:BPE)

- The VEH to MDE ratio (VEH:MDE)

- Incidenceof Perforation(loP) (1-0)

- ImplantPlacementIP) (1-0)

- Volume of bonegraftinserted(cc)
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- Stageof membrangerforation:bonepreparationbonegraftingor implantplacement

Statistical analysis

Statisticalanalysisvasexpressedisingthe mean minimumandmaximumvalues,standardieviations(SD).
Generalizedestimatingequationg GEE) methodswere usedto testthe effect of elevationtechnique MT,
RRH, bone graft,VEH, VEH:BPE and VEH:MDE on dependentariable loP. Non-adjustedand adjusted
oddsratio (OR)and95% confidencantervalswereobtainedfrom univariateandmultivariatebinary logistic
regressionsisingGEEto considerthe clusteredstructureof data.GEE linear modelswerealsousedto study
differencesof membranehicknessor VEH betweergroups.
ThesignificancelevelwasdefinedasP<0.05,for all statisticaltests.In all statisticaltestsinvolving the study
groupsvariable, the experimentaland control groupswere consideredgroups 1 and 2, respectively.All

analysesvereconductedvith aspecializedsoftwarepackaggIBM SPSSStatistics24, Armonk, NY, USA).

Results

Descriptive Analysis

A total of 7 unfixed,freshcadaveheadq4 malesand3 females)with 10 bilateraland2 unilateralmaxillary
sinusesqualified to be includedin the study.Thereasonfor exclusionof 2 unilateralsinusesvasaresultof
correspondindo.dentateridges,while all the includedsinusescorrespondedo fully or partially edentulous
ridges.A total of 36 transcrestabFE proceduresvere performed.The meanridge width in the studysample
was7.13 + L.56.mm=A completedescriptiveanalysisof the databasedon study groupsand subgroupss

summarizedn tabled:

Schneiderian Membrane Thickness

The data of gx_sites were excluded from only the CBCT membranemeasurementglue to image
artifacts/distortionthat interfere with accurateanalysisat the region of interest.Of theseexcludedsites, 3
belongedto subgroupA (resultantn =9), 2 belongedto subgroupB (resultantn = 10) and 1 belongedto
subgroupC (resultanta =11). Thus,atotal of 30 membranghicknessmeasurementsereobtainedfrom the
7 includedheads The meanmembranghicknessn thetotal studysanplewas0.93+ 0,66 mm (0.39t0 2.91

mm), with no.statisticallysignificantdifferencebetweerthe sulgroups (p=0.264).

Incidence of Schneiderian Membrane Perforation
The percentag®f loP'in the entirestudysamplewas50% (33%in the experimentafjroupand66.7% in the
control group)u(Table 1). This difference, betweenthe two groups, was not found to be statistically
significant (OR=025; p= 0.138. However,when the model was adjustedby otherindependenvariables
(RRH, BG) significance was reached(OR=0.04; p=0.007). Similar conclusionwas obtained from the
adjustmenby VEH andratios(OR=0.02;p=0.046).
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Within the perforationsseenin subgroupsA, B and C, atotal of 16.7%, 50%, 33.3% belongedto the
experimentabroup, respectively Although no significantdifferencein loP compaing the 3 subgroupsvas
observedall perforationsin subgroupA wereat 6 mm of VEH. This demonstratean estimatedmaximum

safetyelevationthresholdof 5 mmwithout bonegraft andimplantplacement.

Associated-V.ariables'of Schneiderian Membrane Perforation

The GEE modeldemonstrated statisticallysignificantnegativecorrelationbetweenoP andRRH (p<0.00))
(OR =0.51) andalaekof correlationbetweenoP andamountof bonegraft (p=0.229 (Table2: modeln.2).
The meanRRH@associatedvith perforationsandnon-perforationsn the experimentagroupwas3.18mm +
1.73 and 5.38 mmu£+2.16, respectively.Contrarily, the meanRRH associatedvith perforationsand non
perforationsn the controlgroupwas5.89mm + 1.82and8.40 mm * 3.07, respectivelyRRH associatedo

perforationwasconcludedassignificantlylower in thetestgroup(p<0.001).

Also outlinedin table2, theregressiomodeln.3 analyzingloP with VEH, theratio of VEH to BPEandthe
ratio of VEH to MDE jindicateda significantpositive correlationbetweenloP and VEH (p =0.004) (OR =
3.47). Correlationwasalsopositivewith VEH:BPE andnegativewith VEH:MDE, but statisticalsignificance
washot reachedp=0613 p=0.525respectively. This indicatesthatwith increased/EH, the probability of

loP is expectedo alsoincrease.

Wald's Chi_from GEE model determineda significant degreeof variance betwea the VEH in the
experimentalgroupwersus the control group (p< 0.00L). This indicatesthat significantly more VEH was
permittedin the experimentalgroup, as opposedo the control group. However,no suchsignificancewas

observedn termsof implantplacemen{p=0.277) (Table3).

Finally, with regardgo loP relativeto the stageof surgery,15 (83.3%) of membrangerforationsverefound
to have occurred during the first (elevation) phaseof surgery,while 0 and 3 (16.7%) of membrane
perforationsoccurredduring the second(bone graft insertion) and third (implant placement)(Figure 2D)

phase®f surgery respectivelyThis differencewasstatisticallysignificant(P =0.005).

Discussion

Schneideriaimembraneperforationis oneof the mostcritical challenge®f maxillary SFEandis associated
with a higher prevalenceof postoperativesinusitis (Schwarzet al., 2015) The percentagef perforations
found in the presentstudy was 50%, higherthan the datareportedby Garbaceaet al.(A. Garbacea et al.,
2012) and Nolan et al(Nolan et al., 2014), who reporteda meanloP rate of 40% and 41% respectively.
Theseratewasconsiderablyjessthanthe 58.4%reportedby AlsabbaghAY (Yassin Alsabbaghetal., 2017)
or the 62.5%reportedby Cho et al(Cho, Wallace, Froum, & Tarnow, 2001). However, perforationduring
transcrestal sinus membrane elevation is not always detected, indirectly impacting postoperative

complicationsand surgicaloutcome.lIf this occurs,a numberof consequencemay entail: the presenceof
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bonegraft within the sinusantrum,acuteor chronicsinusinfection, theinvasionof bacteriainto the site, or
disruptd maxillary sinus physiologic function (Katranji et al., 2008) (Li & Wang, 2008) With al the
proposedmethodsof crestal SFE (Yassin Alsabbaghet al., 2017) (Y. K. Kim et al., 2017) (Chanet al.,
2013) MT (Wen,Lin, Yang,& Wang,2015)RRH (Schwarzetal., 2015) amountof bonegraftinsertedand
VEH (Sonoda,Harada,Yamamichi, Monje, & Wang, 2017) are factorsthat influence the probability of
membraneperforation. In this study sample,MT was not statistically significant betweenthe two study

groups.enablngafaincomparisorof all otherfactorsbetweernestandcontrol.

Schneiderianmembraneelevationwith SCA drill kit hasthe advantageof using a reamerto createthe
osteotomyin a conicalshapeandbreakthe bony floor avoidingdamageo the sinusmembraneHowever,it

is importantto note that althoughthe SCA kit hasshownto be superiorto the osteotomeechniquein the
presentinvestigation.this differencewas only statistically significantin subgroupC, where elevationwas
beyond3 mm. Thus, it canbe deducedhat the two techniquesare comparablevhen minimal elevationis

necessaryhoweverwhenmorethan3 mm andup to 6 mm of elevationis indicated,the SCAKkit maintains
membrandntegrity significantly better. This could be explainedby the greaterVEH permittedby the SCA
versus osteotomeapproach.The positive results attributedto this kit demonstratedn this study are in

concordancevith the resultsobservedn the ex-vivo studyof YassinAlsabbaghetal., 2017,wherethe SCA

drill kit showedto be superiorto the osteotomeechniquein osteotomypreparationrand bre&king the sinus
floor. Theseresultswere later corroboratedn a clinical studyby Kim et al., 2017, who did not reportany
membrangerforationausingthe SCAdrill kit, but reportedanincidentof acutemaxillary sinusitis5 months
after surgery.This'may havebeenrelatedto a possibleundetectegerforationduring the elevationsurgery.
On the otherh@and, accordingto a dentists’ subjectivesatisfactionsurvey performedfollowing maxillary

sinusmembraneelevationvia the crestalapproach92.9% dentiss were generallysatisfiedwith the SCA
approachto elevatethe membrandnsteadof hydraulicapproach(H. Y. Kim, Yang, Chung,Kim, & Yeo,

2013)

The RRH hasalso.beendescribedas an influencing factor that impacts membraneperforationusing the
transcrestaapproachSchwarzet al., 2015) wherea minimal RRH of 5 mm is recommendedPjeturssor&
Lang, 2014)(Lundgrenet al., 2017) This datasupportsour results,wherethe RRH hasbeenrevealedas a
statisticallysignificantfactor of membraneperforation.Schwarzet al., 2015showedthat RRH lessthan 3.5
mm wasa mainrisk factorincreasingthe loP, in agreementith the 3.18 mm £ 1.73 meanRRH associated

with perforationdn.the experimentagroupobservedn this study.

Most of the membrangerforationswithin the non-graftedsubgroup(A) were obtainedwhenthe height of

elevationreached6 mm, meaningthat below 6 mm representsa safezone.Therefore,our resultsshowthe
estimatedd mm elevationheightas a safezone,prior to bonegraft insertionandimplant placementThese
findingscomein line with Lundgrenetal., 2017, who describedhatthe elevationheightin transcrestabFE

shouldnot exceed3-4 mm.
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As reported,the amountof bone graft insertedhas beenrelatedto the millimeters of sinus membrane
vertically elevated obtaining elevationheightsof 3 mm or 6 mm whenusing 0.1 or 0.3 cc of bonegraft
respectively(Sonodaet al., 2017) Althoughthefindings of this studyshowedthat VEH playsa determinant
role in maintainingsinusmembranentegrity, the amountof bonegraftinsertedwasnot determinantOn the
other hand, the,VEH:BPE and VEH:MDE displayed a different impact on membrane perforation,
demonstratinghat mesiodistal (MD) augmentatiorin relationto VEH had a positive effect on membrane
perforation. Contrary to this, buccepalatal (BP) augmentationin relation to VEH appearedio have a
negativeeffection®maintainingmembranentegrity. Theseratios describethe degreeof threedimensional
horizontalextensionas opposedo only the vertical extensionof a SFE It is critical to addresghe elevation
procedurefrom‘all passibledirections,to better understandhe tensiondistribution to be achieved.The
findings in this study complimentthose from Saodaet al. (2017), who concludedthat VEH:BPE and
VEH:MDE shouldbe £ 0.8 to avoid sinusmembraneerforation.From aclinical standpointVEH:BPE and
VEH:MDE may be a difficult factorto controlin sinusmembraneelevationvia the transcrestaapproachn
comparisonto the more invasive lateral approachwherethe MD and BP bone augmentatiorcould more

practicallybe controlled.However this effectrequiresfurtherinvestigation.

Accordingto Garbaceat al., 2012, Schneideriatmembraneperforationduring transcrestasinuselevation
can occur during different treatmentstages:bone preparation/breakinghe bony sinus floor, membrane
elevation, graft_insertion or implant placement.Hence, due to often being undetectablespecial care is

recommendediuring.;the membraneslevationphaseand during the implant placemenphase With regards
to implant placementthe implant may exertpressureon the bonegraft that managedo perforatethe sinus
membraneproviding the bone graft with an escaperoute into the sinuscavity. However,no perforations
were detectedduring the bone graft insertion phasein the presentstudy, indicating that excessive

perforationinducingpressuras not exertedon the sinusmembranealuringbonegraftinsertion.

Despitethe assaciated/ariablesthat may havean impacton the succesr failure of the transcrestaSFE
procedurejt mustbe notedthat a sufficientamountof expeaienceis a clearprerequisite Both the technical

approachesdiscussedn this studyequallyrequireadequatexpertiseprior to beingperformedsuccessfully.

Theyareseveralimitations of this study, oneof themis we usedthe cadaveito conductthis studyhence
the cadaveibonequality and membraneelasticity may differ from the living bone.To minimize the bias
from specimerguality, we chosefrozenfreshcadaveheadgshat havethe mostsimilar tissuesituatian to
the actualhuman.Nonethelessthis remainsa concernin the study. Additionally, sincethis is a cadaver
study, so we did not conductthe power calculationto determinethe propersamplesize. We only used
available fresh cadaverheadsthat qualified the study in conductingthis investigation Hence,limited

samplesizeandlack of powercalculationarelimitations notedin the study.

This article is protected by copyright. All rights reserved



407
408
409
410
411
412
413
414
415
416
417

418

419

420

421

422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

Conclusion

The SCA drill kit may demonstratesuperiorosteotomypreparationand SFE capabilitiesto the osteotome
technique while both techniquesrequire operator experience This enhancedability in elevation was

especiallysignificantwhena 6mm elevationwasindicated.Also, amaximumsafetyelevationthresholdof 5

mm without bone graft and implant placementwas estimated.Finally, residualridge height and vertical

elevationheightareimportantfactorsof membrangerforation.
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Tableand Figure Legend

Tablel: Demographicef sinuselevationvariablesloP -incidenceof perforation;RRH -residualridge

height;VEH -verticalelevationheight;BPE -buccepalatalelevation;MDE - mesiodistalelevation.

Table2: Univariate(model1) andmultivariate(model2 and3) logistic regressiof{GEE) modelsanalyzing
associatiorbetweenncidenceof perforation (loPjandothervariablesof elevation;namely,studygroups,
residualridge height(RRH), bonegraft (BG),verticalelevationheight(VEH), VEH:BPEratio andand
VEH:MDE ratio..VEH:MDE wasexcludedfrom the model 3 becausdack of convergencef GEE

estimations.

Table3: GEEmodelanalyzingassociatiorbetweerthe elevationtechniquejmplantplacemen(IP) and

verticalelevationheight(VEH).

Figurel. Bonemarkingmeasurementsom thetentingscrewsto the planneddrill sites.
Figure2. Bonepreparation2A: SCAUrill kit (experimentagroup) 2B: osteotomédcontrolgroup) 2C:
Endoscopiégmageof sinusmembraneslevationwithout perforation; »: Endoscopiémageof membrane

perforationanddirectcommunicatiorof theimplantandbonegraftwith sinuscavity.

Figure3. ConebeamComputedl omographyof sinusmembraneslevationwith theverticalelevationheight

3A: buccepalatalelevation;3B: mesioedistalelevation.
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Table 1

loP RRH (mm) VEH (mm) VEH:BPE VEH:MDE
N n % Mean SD Mean SD Mean SD Mean SD
Test 18 6 33% 4.65 2.24 6.32 1.00 0.77 0.15 0.76 0.26
Control 18 wi2w 66.7% 6.72 2.53 3.71 0.86 0.45 0.12 0.50 0.10
A 12 6 50% 7.02 241 N/A N/A N/A
B 12 =6 50% 5.25 2.58 3.99 0.97 0.55 0.24 0.54 0.13
C 12 .6 50% 4.79 2.38 6.63 0.85 0.72 0.14 0.77 0.29

Table 1: Demographics of sinus elevation variables. loP - incidence of perforation; RRH - residual ridge height; VEH - vertical elevation height; BPE - bucco-palatal e

MDE - mesio-distal elevation.
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Table 2
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Univariate model 1

95% Wald Confidence

Interval for OR

Hypothesis Test

Parameter 6 OR Lower Upper p-value
Experimental Group -1.39 0.25 0.04 1.56 0.138
RRH -0.23 0.79 0.64 0.98 0.036*
BG 0.01 1.00 0.05 20.6 1.000
VEH 0.28 1.32 0.44 3.92 0.619
VEH:BPE 0.44 1.55 0.01 1277 0.898
VEH:MDE -2.02 0.13 0.01 67.1 0.525
Multivariate model 2

Experimental Group -3.32 0.04 0.01 0.41 0.007**
RRH -0.67 0.51 0.37 0.70 <0.001**
BG -4.29 0.01 0.00 14.9 0.229
Multivariate model 3

Experimental Group -4.13 0.02 0.01 0.93 0.046**
VEH 1.25 3.47 1.50 8.05 0.004**
VEH:BPE 1.78 5.91 0.01 576.6 0.613



VEH:MDE -- - = = -

Table 2: Univariate'(model 1) and multivariate (model 2 and 3) logistic regression (GEE) models analyzing association between incidence of perforation (IoP) and oth
variables of elevation; namely, study groups, residual ridge height (RRH), bone graft (BG), vertical elevation height (VEH), VEH:bucco-palatal elevation ratio (VEH:BF

VEH:mesio-distal“elevation ratio (VEH:MDE). VEH:MDE was excluded from the model 3 because lack of convergence of GEE estimations.
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Table 3

95% Wald Confidence

Interval for 8

6 p-value Lower Upper
Study Groups (Experimental/Control) VEH 2.61 <0.001*** 1.91 3.31
IP 0.80 0.277 0.53 9.44

Table 3: GEE model analyzing association between the elevation technique and implant placement (IP), as well as, vertical elevation height (VEH).
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