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1  Einleitung und Zielsetzung

Préaparationgrenzenvon festsitzendem Zahnersatz werden aus asthetischen oder funktionel-
len Grinden ofpara oder subgingival platziert un@nnendaher ein hohes Risiko flr paro-
dontale Probleme datellen[1,2]. Daher istdie bewusste Platzierung der Praparationsgrenze
fur denErhat der parodontalen Gesundheit unerlasslich und aufRerst wichtig fur die Langlebig-
keit von Restaurationef8,4]. Einer der wichtigsten Schritte im Prozess lderstellungeines
festsitzenden Zahnersatzess eine praziseAbformung die dieOberflachendetailgenaustens
reproduziert um eine perfekte Randgchluss zwischeRestauratiorund Zahn sicherzustellen
[5,6). DasWeichgewebsmanagementer Gingia gliedert sicleum einenn die Hamostase der

oft lazeriertenmarginalen Gingiva unzum anderenin die mechanisch&/erdrangungdes
Weichgewebesom Zahn weg, uru erméglichen, dagsne ausreichende &hgean Abform-
material in dergingivalen S§lkuseingebracht werden kan2,7]. Die bevorzugte Methode fur

das marginale Weichgewsianagerant isteine KombinationausRetraktionfaden welche

fur die mechanische Verdrangung verantwortlich sind vamthemische, blutstillenden Ret-
raktionsmitteln (HA)welchegingivaleBlutungen kontrollierenund eine zusatzliche Gewebe-
schrumpfungausldsen, die wiederum d&ewebeetraktion zu Gute kommf8,9]. Die Kon-

trolle vongingivalen Blutungersulkustissgkeitund Speichélusskommtbei der Verwendung
hydrophober Abformmaterialien wie Polyvinylsiloxan B¥Sonderszu tragen da Feuchtig-

keit jeglicher Artzu einer unbefriedigenlen Abformungfihren kannHeutzutage sindolyvi-
nylsiloxarund Polyether (PE) die am haufigsten verwendeten Abformmaterialien, was auf ihre
hervorragendertigenschaftein DimensionsstabilitabDetailwiedergabe, elastischRuckstel-

lung und einfacheHandhabung zuriickzufuhren {dt2-14]. Allerdings isthre hohe Hydro-
phobizitat in der Hinsichein Nachteildassein absolut trockenes Arbeitsfelbr der Abfor-
mung eforderlich isf wasinsbesonderdtir kritische Bereiche wieetin Gingivasulkugilt, was
wiederum den Einsatz von chemischdretraktionsmitteln nahezu unvermeidlichacht
[12,15. Der inhibierende Effekton Schwefel auf dkushartungrzon PVS ist gut dokumentiert.
Schwefelverbindungen finden sich nicht nur in Latexprodukten wie Gummihandschuhen oder
Kofferdam, sondern auch verschiedenerHAs, wenn dieséNirkstoffe wie Eiseroder Alumi-
niumsulfat enthalterj16-19]. Mehrere Studienuntersuchtenden Einflussson HA auf dieGe-
nauigkeit deDetailreproduktion von PVaterialienund kamen zkkontroverserErgebnissen

[4,15,19,20. Im Vergleich z&VSMaterialien sind Platerialien unter dén elastomerschen
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Abformmaterialieram hydrophilsterfl12,13,2]. Obwohl ihre Hydrophilie es ihnen erlaubt, ge-
naue detailgetreueAbformungentrotz unzureichendefrockenlegungu ndhmen kommen
HA dennoch haufig in Verbindungt PEMaterialienzum Einsat{21-23]. Die Wirkungvon
verschiedensten HA auf aterialienin Bezug auf OberflachendetailwiedergabDanensi-
onsgenauigkéj Zugfestigkeit und Polymerisationszetitrde bisher in nur wenigetntersu-
chungenanalysier24-27]. Zudemkodnnte es moglich seidassder Aushartungsprozess von
Gipsmodella, welcheausAbformung@e gegossen wurderdie vorher mieinem HA in Verbin-
dungen gekommen sinébenfalldbeeinflusst wd. Aus diesem Grund war eses derZiek
dieserUntersuchungden EinflusserschiedeneHAs auf PEAbformmaterialien und deaus
diesenresultierenden Gipsmodellen zu untersuchen.

HAs kommen allerdinggcht nur mit Abformmaterialien unokralenWeichgewebern Berih-
rung,sondern auch unvermeidlich in direkt€ontakt mit Zahnhartgewelveie Schmelz, Den-
tin und Wurzelzement, auf welche HR&glicherweisebenfallsunerwiinschteNebenwirkun-
genhabenkdnnen Die adhasiv&etentionskrafzon Kompositmarialienzu Dentinh&ngt in
erster Linievon der Bildung einantsprechenderdybridschichtb, welchedurchdas Einflie-
Ren und AushéarteainesAdhasivesn die Dentintubulzustande kommf28,29. Um eine qua-
litativ hochwertigeadhasiveBefestigungsicherzustellenist die Schaffung einé®ntaminati-
onsfreien Arbeitsfeldes von hochster BedeutuZ@ghnarztemissen sich ofnit Blut und Sul-
kusflissigkeiten auseinandersetzen, da die Gindlivahpara oder subgingival platzierte Pra-
paratioren traumatisiertwird. Verunreinigungein Form vorBlut oder Speichel kénnen Den-
tintubuli verschlieRen und damit die Bildugy oben genannteflybridschichbeeintréchti-
gen, was wiederumau einerAbnahne deradhéasiverHaftkraftfuhrt [30-33]. In solchen Situa-
tionen istes essentiell Blutumg und Sulkusflissigkeiteru kontrollieren und ein trockenes
Arbeitsfeld zu schaffef29]. Um hierbei eineBlutstillung zu erreichen werddvaufigHAs ein-
gesetzt, die verschiedene Wirkstoffe wie Aluminiumchlorid JJAlitler Eisen(IHpulfat
(Fe(SQ)s) enthalten Diese Mittelkommen wahrend ihrer Anwenduagch mitder Zahnhart-
substanzn Kontakt aufdie sie mdglichenegative Auswirkungen haben kénnen. Mehidre
tersuchungerzeigten dasdurch dieAnwendungronHAsdurch deen niedrigen pHWert der
a2 3ASYylLyyidS aaYSl Nieifweise Sdétsogar {valskandigstsdt @utde O K
[34-37]. AndereUntersuchungenrzeigten Restpartikel von HA in Form von kristallinem Wachs-
tum oder kdérnigen Ablagerungen auf der Dentinoberflaahesogar Veréanderungen in Hyd-

roxylapatitkristallenselber [38,39. SolcheVeranderungen der Dentinoberflache oder der
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Schmierschicht konnediie Atzbarkeitdes Dentinsrerringernund zusatzlicllie Dentintubuli
verstopfen BeideVeranderungen beeinflussen die BildugigerHybridschicht und reduzieren
schlussendlichdie Retentionskrafzwischen Adhésiv und Denf88-41]. Dennochkonntebis-
herkein allgemeineKonsens daribayefunden werdenob HAadhésive Verbundsysteme-
gativ beeinflussn. MehrereUntersuchungenvurden durchgefuhrgtum den Einfluss von HA
aufselbstatzende @f-etch) und TotalEtchAdhasivsysteme zu untersuchen, Wadhen dabei

zu kontrovers@ Ergebnisse. SelfEtchAdhasive (SEA) zeigteach der Kontaminatiomon
Dentinmit einemHA meist eineverminderteRetentionskrafzu Dentin[36,39,41-45]. Enige
wenige Autoren berichtetenjedoch Uber kein&/erminderungder Retentionskrafizwischen
SEA und Dentif87,43,46]. Im GegensatdazuzeigtenUntersuchungendie denEinfluss von
HAs auf die Haftraft von TotalEtchAdhasivsystemeru Dentin untersuchten,grof3tenteils
UbereinstimmendeErgebnissedie keineAbnahmeder Retentionskrafinach Kontamination
mit einem HA und anschlieBend&nosphorsaureétmng fesstellen konnter{36,37,43,47]. Le-
diglich inzweiUntersuchungemwurde tber eine verringerteRetentionskraftvon TotalEtch
Adhasiverdurch vorangegangen Kontamination mit HA bericft2t4g. Diesekontroversen
Ergebnissenachen eslahernoch nicht moglichendgultige Schlussfolgerungen zu ziehen. Der
Grund furdiesegegensatzlichen Ergebnisse konnte auf die fehlende Standardisierung der ver-
wendeten Methodik zurliickzufihren sein.

Dadie bisherigeftntersuchungenlen Einfluss von KAuf dieRetentionskraftron Adhésiven
noch nichteindeutig klarerkonntenund dieseoft nicht mit realen klinischen Situationen ver-
glichen werden kdnnemvar esein weiteresZiel diesetJntersuchunglen Einfluss von unter-
schiedlichem Hgauf die Retentionskraft von Zirkonoxidkronen, die@épariertenDentin-
pfeilern adhasibefestigtwurden, zu untersuchen.

Zu diesem Zweck wurde in dieser hier vorliegenden Arbestichtdie folgenden Punkte unter

moglichstpraxisrealen Bedingungeaufzufassen und zu untersweh

1. Einfluss von blutstillenden Retraktionsmitteln auf Polye&td@ormmaderialienund auf die

daraus resultierendeGipsmode#.

2. Einfluss von blutstillenden Retraktionsmitteln auf die Retentionskradtheradhésiv be-

festigten Zirkonoxidkronemnd Dentin



2  Eigene Arbeiten

Im Folgenden werden zw@riginalarbeiten in englischer Sprache vorgestellt und zusammen-

gefasst.

2.1 Originalarbeit: Maischberger C, Stawarczyk B, Liebermann A. Effect of
astringent productson accuracy opolyetherimpressions anglaster
casts Akzeptiert ininternational Journal of Prosthodontics (IF: 1.333)

Zusammenfassung

Ziel:Das Ziel diesen vitro Untersuchungvar es herauszufinden, ob blutstillende MittielA)
trotz der Sduberung durch eine im Praxisalkagach zu realisierendReinigungsmethode
einennegativen Einfluss auf Polyeth@&bformungen und den daraus resultierenden Gipsmo-

dellen haben.

Material und MethodeMenschliche Molan (N=60n=12 wurden manuell standardisiert pra-
pariert und in 5 Gruppen (@hterteilt: GO (Kontrollgruppkkeine Kontamination mit HA), G1
(25% AIGV ViscoStat Clear), G20% FgSQ)s/ ViscoStat), G3 (15,5%f%Q)3/ Astringedent)
und G4 (12,7% Eisensuifahd Eisensubsulfatiésung / AstringedentDi¢. Zahne wurden mit
einem der jeweiligen HAUr jeweils 3 Minuten kontaminiert und anschlielend mit einem
Luft/WassesSpray einer handelsiiblichen Behandlungseinheit @i8ekundergereinigt.Vor
und nach der Kontamination wurde jeweils eine Abformung genommen und ein Ggismo
erstellt. Alle Z&hne, Abformungemd auchGipsmodelle wurde mit eineBlueLight3D-Scan-
ner (Ceramill Map 400, Amann Girrbagescannt. Die daraus generierten Scandaten wurde
mit Hilfe eine 3D-Analyse Software tibereinander gelagert undealskodierte 3EK6rper dar-
gestellt.Mittelwerte der maximalen positiven/negativen Abweichunged der mittleren Ab-
weichung wurdermerechnet undsonjeder GruppemiteinanderverglichenDie farbkodierten,
Ubereinander gelagerten Scandaten wurdeit Hilfe der farbkodierten Messskalar Soft-
ware deskriptiv interpretiert. Alle Abformungen und Gipsmodelle wurden zusatzlich mikrosko-

pisch analysiert.



ErgebnisseDie maximalen Wertéeer mittleren Abweichung aller Ubereinander gelagerten
Scandatewariiertenzwischen30,1 und +17,pm.Im Vergleich zeigte keine der Gruppen auf-
fallige Unterschiedkinsichtlich der Abweichungswerte usstiruktur. In derGruppen 2,3 und

4 zeigten die Abformungenie nach Kontamination mit einem HA genommen wurden (IM2),
eine ungleichmalfiige, nicht naher definierbare Beschichtung; die Gipsmodelle zeigten keinerlei

Veranderungen.

Schlussfolgerun@ie aufgefihrten Abweichungen der einzel@mppen zeigten im Vgleich

miteinander und auch mit der Kontrollgruppe séhnliche Werte und Verteilungsstrukéun

Die Reinigundir 30 Sekundemit Luft/WassetSpray war ausreichend um HA zu entfernen
und moglicheNegativeffektesowohl auf dieAbformungen, als auch auf die Gipsmodelle vor-
zubeugen. Nichtsdestotrotzrursachten HA, welche Eisensulfat als aktiven Wirkstoff enthiel-

ten, einen ungleichmaRigen Film auf den Abformungen.



Effect of Astringent Products on Accuracy of
Polyether Impressions and Plaster Casts

Christian Maischberger, Med Dent
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Anja Liebermann, PD Dr Med Dent, MSc

Department of Prosthetic Dentistry, University Hospital,
Ludwig Maximilian University of Munich, Munich, Germany.

FUNDAMENTAL
RESEARCH

Purpose: To investigate whether hemostatic agents have any detrimental effects on polyether impressions
and plaster casts after a clinically viable cleaning protocol. Materials and Methods: A total of 60 human
molar teeth were manually standardized, prepared, and subdivided into five groups (G): GO (control/
no contamination); G1 (ViscoStat Clear); G2 (ViscoStat); G3 (Astringedent); and G4 (Astringedent X). Each
tooth was contaminated with a hemostatic agent for 3 minutes and cleaned with a 30-second air/water spray.
Before and after contamination, an impression was taken and a plaster cast was poured. The impressions and
plaster casts of all teeth were scanned using a light scanner. Data were matched using a three-dimensional
analysis software that displayed color-coded maps. Means of the maximum positive/negative values and of
the mean deviations in each group were calculated and compared. All color-coded maps were interpreted
descriptively using the program'’s color scale, and all impressions and plaster casts were microscopically
evaluated. Results: Values of mean deviations throughout all matched scans showed maximum values
ranging from -30.1 to +17.5 um. None of the groups showed significantly different deviation values or
patterns when compared to each other. Impressions showed a thin, discontinuous coating for G2, G3, and
G4; no changes were found for plaster casts. Conclusion: Presented deviations showed the same values
and distribution patterns within all groups. A cleaning protocol of 30 seconds of air/water spray is sufficient
to remove hemostatic agents, preventing effects to polyether impressions and plaster casts. However, ferric
sulfate—containing hemostatic agents left discontinuous coatings on impression surfaces. Int J Prosthodont
2019,32:281-288. doi: 10.11607/ijp.6148

== or esthetic or functional reasons, preparation margins of fixed dental protheses
== (FDP) are often placed iso- or subgingivally and therefore pose a high risk for

periodontal problems.'? Therefore, deliberated margin placement is essential to
maintain periodontal health and has been shown to be of the highest importance for
the longevity of restorations.># One of the most crucial steps in the process of FDP
fabrication is taking an accurate impression in terms of surface detail reproduction
to ensure an excellent marginal adaptation.>® The management of gingival tissues is
divided into providing hemostasis to the lacerated marginal gingiva and the physical
displacement of tissues away from the tooth to allow an adequate bulk of impres-
sion material to enter the gingival sulcus.2’ Nowadays, the preferred method for
marginal soft tissue management is the combination of retraction cords, which are
responsible for mechanical displacement, and chemical agents, which cause tissue
shrinkage and hemorrhage control.2° Control of gingival hemorrhage, sulcular fluid
flow, and saliva contamination are especially important in cases where hydropho-
bic impression materials, such as polyvinylsiloxane (PVS), are used, as any moisture
may lead to unsatisfactory impressions.2'%" PVS and polyether (PE) are the most
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Fig 1

Steps for specimen preparation.

commonly used impression materials. Their frequent
use is attributed to their excellent properties, includ-
ing dimensional stability, surface detail reproduction,
elastic recovery, and ease of handling.'>' The high
hydrophobicity is a disadvantage, as flawless moisture
control prior to impression-taking is required, especially
in critical areas such as the gingival crevice. This makes
the use of chemical retraction agents almost inevita-
ble.'2'> The inhibitory effect of sulfur on the polymer-
ization of PVS has also been well documented. Such
sulfur compounds are not only found in latex products,
such as rubber gloves or rubber dams, but also in sev-
eral hemostatic agents containing ferric or aluminum
sulfate.6-19 Several studies have investigated the influ-
ence of hemostatic gingival retraction agents on the
surface detail reproduction of PVS materials and have
shown controversial results.#'>1%20 Two studies that
tested ferric sulfate, aluminum sulfate, aluminum chlo-
ride, and epinephrine did not show any adverse effect
on the polymerization of PVS with any of the tested
agents.'%20 In contrast, unsatisfactory surface detail re-
production caused by contact with aluminum chloride
and ferric sulfate has been reported.*'> PE materials are
among the most hydrophilic of the elastomeric impres-
sion materials thanks to their ether-dominated back-
bones interacting with water molecules.'>'32" Even
though their hydrophilicity allows them to record accu-
rate impressions in moist or wet areas with inadequate
moisture control, hemostatic agents are often used in
conjunction with PE materials.2'-23 The interaction of
PE and different hemostatic agents in terms of sur-
face detail reproduction, dimensional accuracy, tensile
strength, and polymerization time have already been
analyzed; in all studies, ferric sulfate, aluminum sulfate,
and aluminum chloride caused adverse effects on po-
lymerization and therefore on surface detail reproduc-
tion, tensile strength, and polymerization time—only
the dimensional accuracy has never been affected.?4-2”
One study showed that a 10% aluminum chloride
solution can be used prior to PE impression without
causing any adverse effects.2® Vasoconstrictive agents

282 The International Journal of Prosthodontics

Fig2 Scanned tooth with automatically determined finish line.

such as epinephrine, oxymetazoline hydrochloride, and
tetrahydrozoline hydrochloride showed only minimal
effects on the polymerization of PE and can be seen
as more compatible prior to impression-taking.?>?” To
the authors’ best knowledge, there is a lack of stud-
ies concerning the influence of hemostatic agents on
PE impressions themselves and their plaster casts. The
purpose of this study was to investigate the influence
of hemostatic gingival retraction agents (astringents)
on a PE impression material and the associated plaster
cast. The tested null hypotheses were: (1) None of the
hemostatic agents would have a detrimental effect on
the PE impressions; and (2) no changes of the plaster
casts in terms of accuracy or general appearance would
be apparent.

MATERIALS AND METHODS

For this in vitro study, 60 sound (ie, no caries or fill-
ings) human molar teeth were collected and placed for
a maximum of 7 days in 0.5% chloramine-T solution
(Sigmar-Aldrich Laborchemikalien; CAS: 149358-73-6),
then stored for a maximum of 6 months in distilled wa-
ter at 5°C. Retention grooves were placed into the root
surfaces, and roots were shortened with a diamond cut-
ting disc to ensure a stable investment. The teeth were
embedded into aluminum bodies up to the cemen-
toenamel junction with a cold-curing acrylic mounting
resin (ScandiQuick, SCAN-DIA) (Fig 1). The occlusal part
of the tooth crown was cut off to form a horizontal-
ly parallel occlusal plane (Secotom-50, Struers) (Fig 1).
The circular surface of the tooth was prepared using a
parallelometer (F4 basic, Dentsply) with a water-cooled
turbine (Perfecta 900, W&H), and a uniform prepara-
tion angle of 10 degrees was ensured by using a round-
end straight diamond bur (GEBR. BRASSELER, Lot. No.
975066) to achieve a 1.0-mm cervical finish line (Fig 1).
The burs were marked at a 3-mm distance from the tip
to ensure a standardized abutment height, and the re-
sulting sharp edges were smoothed using finishing discs
(Sof-Lex 1982C/1982M, 3M). The prepared teeth were
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Fig 3 First (left; before contamination) and second (right; after con-
tamination) impressions. Residual coating of hemostatic agent on an
IM2 (red arrow).

Fig4 Application of different hemostatic agents. From left to right:
ViscoStat Clear, ViscoStat, Astringedent, and Astringedent X.

Table 1 Test Groups and Their Respective Hemostatic Agents

Group Hemostatic agent Active ingredient Lot. No.
Group 1 (VSC)  ViscoStat Clear 25% aluminum chloride BF61D
Group 2 (VS) ViscoStat 20% iron sulfate BF5X2
Group 3 (AS) Astringedent 15.5% iron sulfate BF3YR
Group 4 (ASX)  Astringedent X 12.7% iron ion solution containing BF1TC

ferric subsulfate and iron sulfate

Group 0 (CTRL) - -

All hemostatic agents are products of Ultradent Products

scanned with a light scanner (Ceramill Map400, Amann
Girrbach) with an accuracy of 6 pm according to the
manufacturer (Fig 2). Prior to scanning, the specimens
were sprayed with occlusion spray (Arti-Spray white,
Dr Jean Bausch) from a distance of 15 cm from each
side for 1 second. The scan data were further processed
by a software (Ceramill Mind, Amann Girrbach) that
automatically determines the cervical finish line of the
preparation, showing the later bonding surface (Fig 2).
At this point, the data set was saved as a standard tes-
sellation language (STL) file. The occlusion spray was
gently rinsed off with an air/water stream.

For the first impression of the teeth, taken initially be-
fore any hemostatic agent contamination, a PE material
(Impregum Penta Medium Body, 3M, Lot. No. 3250431,
3413291, 3421272, 3273416) was filled into a syringe
(Elastomer Syringe, 3M) and manually dispensed around
each tooth. To standardize the used amount, the sy-
ringe was divided into thirds by marking the outside
of the syringe. For each specimen, exactly one-third
of the syringe was used. All impressions were done by
the same operator applying the material with constant
pressure from a distance of 0.5 mm around each speci-
men. The material was left to fully set as specified by the
manufacturer (Fig 3). The prepared teeth were subdivid-
ed into 5 groups of 12 each. Group 0 (GO) was declared

Fig 5 Fully set plas-
ter cast.

the control group and was not pretreated with any he-
mostatic agent, and Groups 1 to 4 (G1-G4; ViscoStat
Clear; ViscoStat; Astringedent; and Astringedent X,
respectively) were each contaminated with a different
hemostatic agent (Fig 4). All specific hemostatic agents
and active ingredients are listed in Table 1.

The manufacturer’s recommended application time
was set at 3 minutes for all agents. Afterwards, the
hemostatic agents were rinsed off using an air/water
stream for exactly 30 seconds at a distance of 3 cm
and subsequently dried with a gentle air stream for 5
seconds until the tooth's surface was dry and did not
appear shiny anymore. After contamination and clean-
ing, a second impression was taken in exactly the same
manner as the first. All impressions were stored in the
dark at room temperature (23°C) for 24 hours. All im-
pressions were then analyzed for any residue of hemo-
static agents, disturbances in the impression surface,
or any other errors or defects using magnifying glasses
(x4.4 magnification, TWIN-Lux LED, A. Schweizer).
Plaster casts were poured the same day of evalua-
tion with a high-grade model plaster (Snow White
Plaster No. 2, Kerr). The plaster was mixed and left to
set for 5 minutes as specified by the manufacturer. It
was left at room temperature (23°C) for 24 hours to
fully set (Fig 5). Subsequently, the plaster casts were

Volume 32, Number 3, 2019 283
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Fig 6 Calculated means of mean, maximum positive, and maximum negative deviation
values of matching analysis of the first and second impressions. VSC = ViscoStat Clear;
VS = ViscoStat; AS = Astringedent; ASX = Astringedent X; CTRL = control.
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Fig 7 Calculated means of mean, maximum positive, and maximum negative deviation
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microscopically analyzed for any
errors or defects. All impressions
and plaster casts were scanned as
already described above. The STL
data of tooth specimens and their
respective impressions and plaster
casts were transferred into software
for analysis of three-dimensional
(3D) measuring data (GOM Inspect,
GOM) for surface matching to vi-
sualize their deviations. Surfaces
matched against each other were:
first impression (IM1; reference)
against second impression (IM2);
first plaster cast (PC1; reference,
poured from IM1) against second
plaster cast (PC2), poured from IM2;
and tooth specimen (reference)
against its PC2. All three match-
ing procedures were done for each
specimen, and the matching process
was the same for each pair of scans.
One scan was determined as the
reference surface to which the oth-
er scan surfaces would be aligned.
The scans were initially aligned
using the 3-point-alignment op-
tion, which was used to reach a
rough match. Subsequently, the
scans were matched precisely us-
ing the local best-fit method. For
each matching pair, the maximum
positive/negative deviation and the
mean deviation were calculated
and displayed as 3D color-coded
maps. Furthermore, the means of
the maximum positive/negative de-
viations and mean deviations were
calculated for each group and com-
pared between each other (Figs 6 to
8). All 3D color-coded maps were
interpreted descriptively using the
program'’s color scale.

RESULTS

Comparison: IM1 and IM2

When matching IM1 and IM2 and
measuring their deviations, IM1 was
set as the reference (Fig 6). Mean
deviations showed maximum values
ranging from -30.1 to +17.5 pm.
The means of the mean deviations
for each group ranged from -2.4
to +2.0 pym, with G1 (2.4 pm)
showing the most extreme value.



Mean values of maximum posi-
tive deviations calculated for each
group ranged between +121.6 and
+192.6 pm, with G2 (+192.6 pm)
showing the highest value. Mean
values of maximum negative de-
viations ranged from -215.5 pym to
-138 um, with G4 (-215.5 um) be-
ing the most negative. Color maps
of matched scans did not show any
deviation pattern as characteris-
tic for one single group. Randomly
spread deviations in the positive
and negative directions were seen
throughout all groups (Fig 9a).
Microscopic inspection of the im-
pressions showed a thin, discontinu-
ous film coating on the impression
surface on occlusal areas and at
transitions between the occlusal
surface and circumferential walls in
all IM2 of G2, G3, and G4. These
coatings were interpreted by the
authors as residues of the respec
tive hemostatic agents. When com-
paring the coating pattern with the
deviations present in its associated
3D color map, no concordance was
detected.

Comparison: PC1 and PC2

When measuring deviations be-
tween PC1 and PC2, PCT was set
as reference (Fig 7). Maximum val-
ues of mean deviations ranged from
-8.2 to +4.7 ym. Means of the
mean deviations ranged from -0.5
to +1.5 um, with G1 (+1.5 pm) show-
ing the highest deviation. Mean val-
ues of maximum positive deviations
ranged from +66.9 to +119.5 pm,
with G3 (119.5 pm) showing the
highest value. Mean values of maxi-
mum negative deviations ranged
from -113.7 to -84.1 ym, with G3
(-113.7 pm) again showing the
most extreme value. Inspection of
3D color maps did not show a spe-
cific deviation pattern being char-
acteristic for any of the groups.
In all groups, the occlusal and cir-
cumferential wall surfaces showed
randomly arranged color patches
indicating deviations ranging from
-30 to +30 pm (Fig 9b). More severe
deviations were found only rarely in
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single confined areas or at preparation margins of single specimens. Visual
evaluations of casts did not show any irregularities or abnormalities regard-
ing the surface quality in PC1 or in PC2. No unpolymerized impression ma-
terial residue was found on any of the specimens.
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Comparison: Tooth and PC2

Mean deviations seen in surface matching between the
prepared tooth itself (reference) and its corresponding
PC2 (Fig 8) ranged from -24.1 to +7.7 pm. The means
of mean deviations showed to be very similar for all
groups, ranging from =11.3 to =7.2 pm. GO (-11.3 um)
showed the most negative values. Means of maximum
positive deviations ranged from +67.6 to +92.2 um,
with G3 (+ 92.2 pm) showing the highest value. Means
of maximum negative deviations ranged from -158.3 to
-116.6 pym, with G1 (-158.3 pm) being the most nega-
tive. Color maps showed the same deviation pattern
throughout all groups. The occlusal surfaces showed
positive deviations up to +40 um. The circumferential
walls showed negative deviations reaching values up to
—=150 pm. The chamfer finish line preparations showed
minimal positive deviations (Fig 9¢). These deviations
were seen throughout all groups, including the con-
trol group, and therefore no specific deviation pattern
was seen to be characteristic for a single group in this
comparison.

DISCUSSION

The first hypothesis was rejected, because all IM2 of G2,
G3, and G4 showed a coating of residual hemostatic
agents on the impression surface. In contrast, G1 did
not show any residue of a hemostatic agent. Therefore,
the coating was caused by agents containing ferric sul-
fate, but not by agents containing aluminum chloride as
the active ingredient. There was little information about
the tested hemostatic agents, especially about ingre-
dients other than the active substance. Such findings
were also not reported in previous investigations, and
therefore the authors cannot state that ferric sulfate ac-
tually caused the coating—this may only be suggested
and will require further investigation. Nevertheless,
microscopic inspection of IM2 did not show any differ-
ences compared to IM1. No inhibition of the polymer-
ization process of the impression material, formation of
any irregularities in the impression surface, or discolor-
ation or any other peculiarity were observed in any of
the groups. The coating therefore solely covered the
impression surfaces and did not cause any further det-
rimental effect. When comparing the coating pattern
seen on the impression to the deviation pattern of the
respective specimen’s 3D color map, no concordance
could be found. Deviations seen in those areas where
a coating was present did not show higher values than
in areas of the same impression where no coating was
present. A random distribution pattern was seen for all
specimens throughout all groups, including the control
group, making it impossible to declare a specific pattern
as characteristic for a single group (Fig 9). In addition,
when looking at the means of deviation values of dif-
ferent groups, none of the groups showed significantly
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higher or lower values when compared to GO or to any
of the other groups. GO itself showed the same de-
viations in the positive and negative directions as the
contaminated groups (Fig 6). After the microscopic in-
spection of impressions and the evaluation of scans and
their respective deviation values, it was therefore not
possible to state that any of the hemostatic agents can
be seen as the cause for the present deviations or as
having any other detrimental effect on the impressions.
The second hypothesis was confirmed because nei-
ther the comparison between PC1 and PC2 nor the
comparison between the tooth preparation and PC2
showed any peculiarities during visual or 3D-mapping
inspection. This indicates that hemostatic agents do not
have any detrimental effect on plaster casts. Microscopic
inspection of PC2 showed neither an inhibition of the
plaster-curing process nor residue of unpolymerized im-
pression material left on the plaster casts in any of the
five groups. The coating by hemostatic residue present
in G2, G3, and G4 was not transferred to the plaster
casts and did not seem to cause any visible or measur-
able effect to the plaster. 3D color maps of matching
PC1 to PC2 showed a random deviation pattern the
same throughout all groups, including GO (Fig 10). The
mean deviation values compared between groups did
not show significant differences compared to each other
or to GO (Fig 7). When looking at matched pairs of tooth
abutments and their respective PC2, again, the calcu-
lated means for different groups did not show different
values between each other or compared to GO (Fig 8).
A certain deviation pattern could be defined showing
positive deviations up to +40 um at occlusal surfaces
and negative deviations up to =150 um at their circum-
ferential surfaces (Fig 11); nevertheless, this pattern was
seen in all specimens throughout all groups, including
GO, and consequently it was not possible to state that
this specific pattern is attributable to the action of a
hemostatic agent or its residue. Therefore, in the au-
thors’ opinion, the present deviations of all comparisons
did not show values that are of clinical importance, as
they were also present in the respective control groups.
Due to the lack of comparable studies and methods in
the literature, no comparable values were accessible.
The values of mean deviations throughout all matched
scans (IM1-IM2, PC1-PC2, tooth—PC2) showed maxi-
mum values of — 30.1 and +17.5 pm, which are, in the
authors’ opinion, within acceptable limits, as even the
standardized 50-pm spacer left for the cementation
during crown construction shows a higher value.
Higher deviation values as seen in the maximum neg-
ative and positive deviations and their calculated means
were solely seen in single points directly on the prepa-
ration margin (Fig 10). These might be attributable to
the software Ceramill Mind and its option to automati-
cally determine the finish line. For the software to deter-
mine the preparation margin, it is necessary to manually



choose one point on the preparation margin to be taken
as the reference point to calculate the finish line of the
preparation. Even though the operator paid significant
attention to placing the initial point at the exact same
place on the preparation margin for the two correspond-
ing scans, minimal deviations are likely to occur, which
in turn may cause minimal deviations in single points on
the preparation margin, so these deviations are more
attributable to the operator and the software than to
any action induced by a hemostatic agent. Furthermore,
the fact that deviation values and patterns did not vary
significantly when compared to GO confirms that the
present deviations are likely not caused by the action
of a hemostatic agent and may rather be due to ran-
dom sampling variety. For the comparison of the tooth
abutment and PC2, minimal deviations might also be
attributed to the articulation spray used only on tooth
abutments, but not on plaster casts prior to scanning.

The number of studies concerning the influence of
hemostatic agents on polyether impression materials is
very limited so far, and their results are to some extent
not in concordance with the current study. Three stud-
ies investigated the effect of hemostatic agents on the
inhibition of polymerization of polyether impression
materials.2>=?7 In all studies, the same impression ma-
terial—Impregum Penta (3M)—was chosen. The used
hemostatic agents, made by different manufacturers,
with two studies also using Astringedent (Ultradent
Products),?6:27 showed different concentrations of alu-
minum chloride, ferric sulfate, and aluminum sulfate of
different manufacturers. These investigations reported
the partial or complete inhibition of polymerization of
PE, leading to unsatisfactory impressions. Only one of
the tested materials, 10% aluminum chloride solution,
showed no inhibitory effect.?6 One of the studies ad-
ditionally tested the tensile strength of PE after con-
tamination with 15% aluminum chloride and showed
significantly lower values when compared to control
groups.?®> A further study claimed the dimensional ac-
curacy and surface detail reproduction of PE after being
in contact with hemostatic agents,?* with two hemo-
static agents tested being the same as in the current
study (ViscoStat Clear and Astringedent X). Also, the
tested impression material (Impregum Soft, 3M) only
showed a difference in viscosity compared to the mate-
rial used in the current study. All agents tested resulted
in unsatisfactory surface detail reproduction, showing
a rough, melted appearance and color changes of the
impression surface. Only the dimensional accuracy did
not seem to be affected by the hemostatic agents, as
the present deviations demonstrated only minimal val-
ues throughout all groups, including the control group,
in accordance with the current study.?

The contradictory results of the previous studies may
be explained by their very different practical meth-
odologies. The most critical factor may be that in all
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previous studies, the hemostatic agent came into di-
rect contact with the impression material, which may
cause complications according to the manufacturers.
Two studies used metal dies on which the impression
material was set. These metal dies were previously con-
taminated by dispensing a hemostatic agent on them.
The agents were left to dry and did not undergo any
cleaning protocol before the impression material was
injected onto the dies.24:25 In the other two studies, the
contact was of an even more serious nature, as in one
study 20 pL of hemostatic agent was directly mixed into
the setting impression material. In the other study, a
hemostatic agent—soaked retraction cord was embed-
ded into the freshly mixed material during the setting
period.2627 In contrast, in the current study, the agents
were washed off with an air/water stream applied for
30 seconds. Another major difference between the
studies was seen in the selection of the specimens itself.
In the present study, the authors tried to simulate a situ-
ation as similar as possible to a real clinical situation in
the dental office by using an abutment prepared from
a real human tooth by applying the agents according to
the manufacturers' standards and by choosing a clean-
ing protocol that was easily feasible for the operating
dentist. The usage of contaminated metal dies with-
out using any cleaning method to remove the hemo-
static agent, to mix the hemostatic agent directly with
the impression, or to embed a soaked retraction cord
into setting polyether material is not comparable to an
actual clinical situation. Furthermore, according to the
manufacturer, it is strongly recommended to thorough-
ly clean the tooth surface after hemostasis is achieved
to remove any residual agent and to prevent direct con-
tact between the impression material and hemostatic
agent. The methodologies of previous experiments may
therefore explain their controversial results. A limitation
of the present study was the descriptive evaluation with
no statistical analysis. Further studies are needed to de-
termine the possible further clinical impact of the coat-
ing left on impressions by hemostatic agents containing
ferric sulfate as the active ingredient.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions could be drawn:

e The present deviations showed the same values
and distribution patterns within all of the different
groups without any difference compared to
the control group, indicating no impact of the
hemostatic agents on accuracy.

¢ A cleaning protocol of 30 seconds of air/water
spray is sufficient to remove hemostatic agents on
prepared teeth, preventing detrimental effects to
polyether impressions and plaster casts.
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* Hemostatic agents containing ferric sulfate as the
active ingredient left a discontinuous coating on the
impression material, which did not show any clinical
importance.
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The Amount of Keratinized Mucosa May Not Influence Peri-Implant Health in Compliant Patients: A Retrospective 5-Year Analysis

The aims of this study were to investigate the influence of keratinized mucosa (KM) on peri-implant health or disease and to identify

a threshold value for the width of KM for peri-implant health. The total dataset was subsampled; that is, one implant per patient was
randomly chosen for analyses. In 87 patients, data were extracted at baseline (prosthesis insertion) and at the 5-year follow-up, including
the width of the midbuccal KM, bleeding on probing, probing depth, plaque index, and marginal bone level. Spearman correlations with
Holm adjustment for multiple testing were used to assess potential associations. Depending on the definition of peri-implant diseases,

the prevalence of peri-implantitis ranged from 9.2% (bleeding on probing threshold: < 50% or > 50%) to 24.1% (threshold: absence or
presence). The prevalence of peri-implant mucositis was similar irrespective of the definition (54% to 55.2%). The width of KM and the
parameters for peri-implant diseases demonstrated negligible correlations (Spearman correlation coefficients: 0.2 < p < 0.2). No threshold
value was detected for the width of midbuccal KM in relation to peri-implant health. The width of KM around dental implants was
correlated to a negligible extent with parameters for peri-implant diseases. No threshold value for the width of KM to maintain peri-implant

health could be identified.

Lim HC, Wiedemeier DB, Hdmmerle CHF, Thoma DS. / Clin Periodontol 2019;46:354-362. References: 59. Reprints: Daniel S. Thoma,

daniel.thoma@zzm.uzh.ch —Carlo Marinello, Switzerland

288 The International Journal of Prosthodontics

13



2.2 Originalarbeit:Maischberger C, Stawarczyk B, Liebermann A. The effect
of hemostatic agents on the retention strength of zirconia crowns luted
to dentin abutments.Akzeptiert inmaterials 2019,19,979 (IF: 272)

Zusammenfassung
Ziel:Das Ziel dieser wmitro Untersuchungvar esherauszufinden, ob blutstillende Mittel (HA)
trotz der Reinigung mieinemLuft/WassetSpray einen Einfluss aiié Verbundfestigkei{RS)

von adhasiv befestigtefirkoroxickronen zu Dentin Heen.

Material und MethodeMenschliche Molaren (N=60=12) wurden standardisiert prapariert

und dazupassende Zirkaxickronen angefertigtVor der adhasiven Befestigung (Scotchbond
Universal/RelyX Ultimate), wurden die Z&hne mit demeijigen HA vorbehandelt: i. 25% AICI
(VSC),.i20% F£SQ)s (VS), iii. 15,5% H&Q)s (AS), iv. 12,7% Eisensuliatd Eisensubsulfat-
l6sung (ASX) und v. ohne HA (Kontrollgruppe). Nach der Befestigung wurde eine Kausimulation
mit 600.000 Zyklen und anschlieRend Kmnenabzugsversuch durchgefiirter verschie-
dene Frakturtypen wurden definiert:

Kohasiv Typ 4 ZahnwurzelKohasiv Typ Zahnkrone; Adhasiv Ty Befestigungsmaterial
haftet nur an Zahn; Adhéasiv TypcBefestigungsaterialhaftet an Zahn undanKroneMisch-
bruchc¢ Adhasiv/IKohasiv. Die ermittelten Daten wurden mit Idilier einfaktoriellenANOVA,
posthoc Scheffé, Pearson’s Chiadrat Test und einer Ci@eigy Tabelle statistisch analysiert
(p=0,05).

ErgebnisseEs konnten keine nderschiede hinsichtlich der RS zwischen den verschiedenen
Gruppen festgestellt werden (p;200).ASX zeigte mehr kohésive Typ 2 Frakturen als die Kon-
trollgruppe. VSC zeigte mehr Kohdsip 2 als Adhasiv Typ 1 Frakturen. VS zeigte mehr Adhasiv
Typ 2 Fraktren als Mischbrtiche. AS zeigte mehr Kohasiv Typ 2 als Adhasiv Typ 1 Frakturen und
mehr Adhasiv Typ 2 Frakturen als MischbriglsX zeigte tberwiegend Kohasiv Typ 2 Fraktu-

ren.
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Schlussfolgerund®S wurde von HA nicht negativ beeinflusst, wenn vor der adhasiven Befesti-

gung eine Reinigung n@inemLuft/WassefSpray stattgefunden habennoch scheint es, dass

HAdas Dentin schwachia Uberwiegendkohéasive Fraktureauftraten

15



. materials MbPI

Article

The Effect of Hemostatic Agents on the Retention
Strength of Zirconia Crowns Luted to

Dentin Abutments

Christian Maischberger, Anja Liebermann * and Bogna Stawarczyk ™

Department of Prosthetic Dentistry, University Hospital, LMU Munich, Goethestrasse 70, 80336 Munich,
Germany; Christian.Maischberger@gmx.de (C.M.); Bogna.Stawarczyk@med.uni-muenchen.de (B.S.)
* Correspondence: Anja.Liebermann@med.uni-muenchen.de;

Tel.: +49-(0)-89-4400-59571; Fax: +49-(0)-89 4400-59502

check for
Received: 1 March 2019; Accepted: 21 March 2019; Published: 25 March 2019 updates

Abstract: The purpose of this study was to investigate whether hemostatic agents (HA) show an
effect on the retention strength (RS) of zirconia crowns luted to dentin abutments after cleaning with
an air/water spray. Human molars (N = 60/n = 12) were prepared and zirconia crowns were milled.
Prior to luting (Scotchbond Universal /RelyX Ultimate), molars were pretreated using HA: i. 25%
AICl3 (VSCQ), ii. 20% Fey(SO4)3 (VS), iii. 15.5% Fez(SO4)3 (AS), iv. 12.7% iron ion solution (ASX) and
V. no pretreatment (control). Mastication simulation and pull-out tests were performed. Failure
types were defined: cohesive 1—tooth root; cohesive 2—tooth crown; adhesive 1—cement on tooth;
adhesive 2—cement on tooth and crown; mixed—adhesive/cohesive. Data were analyzed using
1-way ANOVA, post-hoc Scheffé, Pearson’s chi-square-test and Ciba-Geigy table (p = 0.05). No RS
differences between the tested groups were observed (p = 0.200). ASX fractured more cohesive 2
than the control group. VSC showed more cohesive 2 than adhesive 1 fractures. VS showed more
adhesive 2 than mixed fractures. AS showed more cohesive 2 than adhesive 1 and more adhesive 2
than mixed fractures. ASX showed predominantly cohesive 2 fractures. RS was not affected when
HA were cleaned off by 30 s of air/water spray prior to luting. HA still seem to weaken the dentin
abutment, making it prone to cohesive fractures.

Keywords: hemostatic agent; astringent; retention strength; zirconia; adhesive luting

1. Introduction

The adhesive bond strength to dentin depends on the formation of an appropriate hybrid layer
by the incorporation of resin tags into the dentinal tubules [1,2]. To achieve a high-quality bonding,
the creation of a contaminant-free working field is of highest importance. Contaminants like blood or
saliva may occlude dentinal tubules and therefore have a detrimental effect on hybrid layer formation
with a decrease in bond strength for adhesive procedures [3-6].

Dentists often have to deal with blood and sulcular fluid flow as a result of trauma to the gingival
tissues as occurring by para- or sub-gingivally placed preparation margins. In such situations, gingival
tissue management in terms of hemorrhage control is important [2]. Therefore, hemostatic agents (HA),
containing different active ingredients like aluminum chloride (AlICl3) or ferric sulfate (Fe(SO4)3),
are often used to achieve hemostasis. During their application these agents also come in contact with
hard dental tissues, on which they may exert possible negative effects. Several studies demonstrated
the partial or complete removal of the dentinal smear layer after application of HA caused by their
high acidity [7-10].

Further studies showed residual particles of HA in form of crystalline growths or granular
deposits left on the dentinal surface or even changes in hydroxyapatite crystals which seems to make
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them more resistant to acids [11,12]. Changes like these in the dentinal surface or smear layer may
reduce the dentin’s susceptibility to acid etching or may obliterate dentinal tubules. Both changes
affect the formation of the hybrid layer, eventually reducing the bond strength between adhesive
and dentin [11-14]. Nevertheless, to date there is no general consensus if HA adversely affect
adhesive systems. Several studies were conducted investigating the influence of HA on self-etch
and total-etch adhesive systems, showing controversial results. Most studies concerning self-etch
adhesives (SEA) demonstrated a decrease in bond strength to dentin after contamination with
HA [9,12,14-18]. However, some authors reported no decrease in bond strength between SEA and
dentin [10,16,19]. In contrast to SEA, studies concerning the effect of HA on the bond strength of
total-etch adhesive systems to dentin demonstrated more consistent results of no decrease of bond
strength after phosphoric acid etching [9,10,16,20]. In addition, two studies reported a decrease in
bond strength with total-etch adhesives [15,21].

Due to the controversial outcomes of these previous studies it is not yet possible to draw definite
conclusions. The reason for such contrasting results might be attributed to the lack of standardization
of methodology used. Studies showed great differences in testing procedures, handling and duration
of HA application, combination and amount of used materials, additional contamination with blood
or saliva, and also in the dentin condition regarding storing protocols and types of dentin (human
primary/human permanent/bovine teeth). Other studies in turn evaluated the influence of HA on
the microleakage of class V composite resin restorations. In all studies, microleakage was increased
when SEA were used [22-25]. In case of total-etch adhesives, no increase in microleakage was
demonstrated [22,23].

Due to the fact, that studies still did not clarify the influence of HA on bond strength and often
can’t be compared with real clinical situations, this study should investigate the influence of different
HA on the retention strength (RS) of zirconia crowns luted to dentin abutments. The null hypothesis
stated, that the RS between zirconia crowns and dentin abutment bonded by adhesive luting procedure
is not affected by any of the HA tested.

2. Materials and Methods

Human, freshly extracted, sound molar teeth (N = 60) were collected, disinfected for a maximum
of 7 days in 0.5% Chloramine-T solution (Sigmar-Aldrich Laborchemikalien, Munich, Germany, CAS:
149358-73-6) and stored in distilled water at 5 °C for a maximum of 6 months. All teeth originated
from an anonymous collection of several dentists located around Munich. As datasets cannot be
related to human individuals, that means that the natural teeth used in this investigation cannot be
traced to the patients anymore, no ethical-legal objections against the project were identified by the
ethical committee according to the declaration of no objection of 10.07.2012. Teeth were cleaned and
embedded (ScandiQuick, SCAN-DIA, Hagen, Germany) up to their cemento-enamel junction in round
aluminum bodies (Figure 1).

Figure 1. Tooth embedded into aluminum body, before preparation.
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The tooth crown preparation was divided into two parts. First, a cutting machine with
water-cooling (Secotom-50, Struers, Ballerup, Denmark) was used to cut off the occlusal part of
the tooth forming a horizontally parallel occlusal plane (Figure 2).

Figure 2. Occlusal part of tooth cut off, resulting in a horizontally parallel plane.

Second, a parallelometer (F4 basic, Dentsply, Hanau, Germany) and a water-cooled turbine
(Perfecta 900, W&H, Laufen, Germany) with a round-end straight diamond bur (GEBR. BRASSELER,
Lemgo, Germany, Lot.No. 975066) were used to prepare the circular surface of the tooth to ensure a
uniform preparation angle of 10° with a 1.0 mm cervical finish line (Figure 3).

Figure 3. Tooth preparation in parallelometer.

The burs were marked at 3 mm distance from the tip to ensure a standardized abutment height of
3 mm, finishing disks (Sof-Lex 1982C/ 1982M, 3M, Seefeld, Germany) were used to smoothen sharp
edges (Figure 4).

Figure 4. Finalized tooth preparation.
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The prepared teeth were scanned with a light scanner (Ceramill map400, Amann Girrbach,
Koblach, Austria) and a STL (Standard Triangulation Language) file was created (Ceramill Mind,
Amann Girrbach, Koblach, Austria) and the bonding surfaces were calculated (GOM Inspect, GOM,
Braunschweig, Germany) (Figure 5).
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Figure 5. Surface calculation in mm? using GOM 3D analysis software.

Subsequently, a star-shaped crown was individually designed for each dentin abutment (Figure 6).

EE A )]

Figure 6. Star-shaped zirconia crown designing using Ceramill Mind software (Amann Girrbach).

The crowns were milled (DD cubeX? 98, Dental Direkt, Spenge, Germany, Lot.No. 8041738003)
with a 5-axis milling unit (Ceramill Motion 2, Amann Girrbach, Koblach, Austria). The zirconia crowns
were sintered according to the manufacturer’s instructions (Nabertherm LHT 02/16, Nabertherm,
Lilienthal, Germany) and air-abraded for 10 s with 50 um aluminum oxide particles (pressure: 0.05 MPa;
distance: 10 mm, and angle: 45°; basic Quattro IS, Renfert, Hilzingen, Germany). The crowns
were cleaned for 4 min in an ultrasonic bath with distilled water (T-14 Transistor/Ultrasonic, L&R
Manufacturing, Kearny, NJ, USA) and bonded with Scotchbond Universal (3M, Seefeld, Germany,
Lot.No. 171004A) for 20 s and air-dried with a gentle air stream. Prior to bonding, all dentin abutments
were refreshed using a fine grit round-end straight diamond bur (GEBR. BRASSELER, Lemgo, Germany,
Lot.No. 126832) and randomly subdivided into 5 groups (Table 1; n = 12).
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