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Deep margin elevation: a systematic review
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Abstract:

Deep margin elevation (DME) is a nonsurgical, alternative technique of dental crown lengthening. Portion of direct
restoration placed only at the deep apical part of the cavity to elevate the margin to a more coronal and more adequate
position for final cementation of indirect restoration.

Materials and methods. In this systematic review, we were looking for in vitro studies in which deep margin elevation
(DME) technique were used. The electronic databases PubMed and EMBASE were used for the search. The search
began on July 29, 2021 and ended on August 10, 2021. We have analyzed the materials and methods of each research
and entered them in the appropriate tables to give a clearer assessment of the obtained results.

Results. Analysis of marginal quality showed the best results when indirect restorations luted to dentin directly and with
DME technique with three consecutive layers of resin composite. In groups without DME there were fewer microleakage.
DME did not statistically significantly influence the fracture strength.

Conclusions. We conducted a systematic review that included 12 in vitro studies. Even though samples without DME
showed better results in in vitro studies, the difference between samples with and without DME was not statistically
significant. However, in clinical practice, DME facilitates the insertion of indirect restorations. Therefore, further studies

and clinical observations are necessary.
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INTRODUCTION

Deep proximal carious cavities are very difficult in daily
clinical practice. Restorative dentistry attaches great
importance to aesthetic restorations in combination with a
long-term perspective of tooth service. Currently, indirect
ceramic restorations are used to restore large cavities, as
a good treatment alternative to direct composite fillings [1].
Unfortunately, the adhesive fixation of these restorations
requires perfectly dry conditions for a relatively long time,
which makes it difficult to insert them directly to the dentin
in deep proximal boxes [2].

When the proximal caries extends close or below the
cement-enamel junction (CEJ) in decayed teeth, a deep
margin will be observed [3]. The deep margin [4] is a
subgingival margin of the prepared carious cavity, which
is formed after removing unsound tooth tissues from
deep structural defects. Generally, these proximal boxes
have a limited or complete absence of enamel [3]. In such
situations, it is challenging to create dry conditions for
further impression taking and adhesive cementation [5-
9]. Moreover, the excess of material is hardly detectable
and removable, because of the deep subgingival level.

Surgical crown lengthening can be a way to solve this
problem by relocating the cavity margin to a supragingival
position to create dry conditions during the luting procedure
[5]. Unfortunately, it can lead to the destruction of the
biological width, and since attachment loss is created, the
clinical crown is lengthened, and part of the root including
furcations and root concavities may become exposed [10].

There is an alternative solution that helps in avoiding
surgical intervention and in producing tooth restoration
in a single visit, the idea is based on the relocation of the
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subgingival proximal margin to a supragingival level [6-8]
which occurs due to the use of a composite filling material.
This technique was introduced by Dietschi and Spreafico
[11] over 25 years ago and nowadays is called deep margin
elevation (DME) [8]. It's also known as proximal box
elevation or cervical margin relocation [5]. Itis a nonsurgical
technique which uses direct restorations placed only at
the deep apical portion of the preparation to elevate the
margin to a more coronal and more conducive position for
final cementation of indirect restoration [8]. DME leaves the
composite filling material exposed to the oral environment
[12]. To place the direct resin composite in the deep cavity
floor, a metal interproximal matrix is used [13].

This procedure provides several advantages, one
of them is a faster, higher-quality and more convenient
isolation with rubber dam, and maintaining dry conditions
during the whole adhesive fixation of indirect restoration [6,
7]. Furthermore, the removal of excess luting composite
is better controlled when the margin is relocated
supragingivally [9]. The supragingival margins provide a
simplified approach to optical and conventional impression
taking [3, 7]. At last, liner or base is placed underneath
inlays and onlays to avoid excess tissue preparation, which
is necessary to fulfill geometrical restrictions of indirect
restorations; which functions as a protective layer for
pulpo-dentin complex under temporary fillings [11, 14].

However, there is some debates that DME can affect
fracture strength and marginal quality, therefore, this
review was conducted.

Objectives
The primary goal of this systematic review was to
evaluate the effect of deep margin elevation on the marginal
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quality of DME composite with indirect restoration and
DME composite with tooth tissues. Secondarily, the review
aimed at determining the fracture resistant of teeth with
DME.

MATERIALS AND METHODS

The concept of this review is based on the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses).

Selection criteria

Publications that met the following selection criteria
were included:

1 Full-text articles in English, not older than 10 years.

2. The articles should contain detailed information
about the results and parameters of the study.

3. The articles contain studies conducted in vitro on
human teeth.

4. The articles contain studies conducted using Deep
Margin Elevation technique.

5. The object of study was either marginal quality or
fracture resistant.

Publications that were not related to the topic of the
study, literature reviews, as well as articles that did not have
sufficient and specific data for the analysis were excluded.

Information sources
The electronic databases used for the search were

PubMed and EMBASE. Itwas not necessary to contact the
authors to access the articles.

Search and Selection of Studies

A search in English with no time limit was performed by
3 independent people. The following search query was
used: [deep margin elevation OR deep proximal relocation
OR cervical margin relocation AND technique].

The studies were filtered and selected in several stages.
Firstly, they were evaluated by titles. Secondly, individual
documents at the first stage were additionally assessed by
reading the abstracts and full-text articles. The difference
in the choice was resolved through discussion among the
readers.

Data collection process

The data from different studies were extracted from
studies according to the interests of the current review.

Data items

Data from the included articles were extracted and filled
in tables (Table 1, Table 2, Table 3 and Table 4) with the
following information: table 1 author, year, kind of study/
study material, number of specimens, kind of teeth, kind of
indirect restoration; table 2: author, design of cavity, deep
of proximal cavity, experimental groups, measurements of
study, evaluation method; table 3: author, cavity surface
conditioning, restorative material for DME, material
of indirect restoration, indirect restoration surface
conditioning, indirect restoration fixation; table 4: author,
test conditions, results.

Risk of bias

Risk assessment of bias was undertaken during the
data extraction process. For the included studies, it was
conducted using the Cochrane Collaboration’s ROBINS-I
tool for assessing the risk of bias [15-17]. Overall risk of bias
was then assigned to each trial, according to Higginset al.
[16]. The levels of bias were classified as follows: low risk,
if all the criteria were met; moderate risk, when only one
criterion was missing; high risk, if two or more criteria were
missing; and unclear risk, if there were very few details to
make ajudgement about a certain risk assessment.

Synthesis of results

As mentioned, tables were presented with the columns
as data items.

Statistical analysis

No meta-analysis could be performed due to the high
heterogeneity between the studies and low number of
studies.

RESULTS

Study selection

A total of 229 articles were identified by keywords and
resumes. Duplicate studies were excluded. 48 articles were
identified as potentially relevant articles by checking the
tittes and abstracts, then a full-text of 25 articles analysis

Table 1 Characteristics of the studies included in this analysis.

# b Kind of study, Number
Author vear study material of pecies

1 Bresser RA[18] 20  Invitro, humenteeth &

2 Muler V[19] 2017  Invitro, hurenteeth 2

3 Fankerberger R[§ 2013 Invitro, humenteeth 8

4 Roggendarf MU [6] 2012  Invitro, hurenteeth L0

5 ligerstein | [9) 2015  Invitro, hurenteeth ]

6 [aShvaGoavwesD[2 2017  Invitro, humenteeth 5

7 Quds TD [ 20  Invitro, humenteeth 15

8 Zrerg H[21] 21 Invtro, hurenteeth O

9 KdenS[2) 2018  Invitro, hurenteeth D

10 Sredfico R[23 2016  Invitro, hurenteeth L0

n Juoski J [24 20  Invitro, humenteeth 1

» Rooca GT [14] 2012  Invitro, hurenteeth K%

Kind of indirect
Kind of teeth

restoration
Soud mandibular ndars Inayand orlay
Caiousreg, intadt, urestored nolars Inay
Intact, non-carious, unrestared third ndars Inay
Intact, non-carious, urestared third ndars Inay
Mandbular ndars with similar dimersions a the cemento-
enand junction (CEJ), but without any evidence of caries or Olay
fractures. Testh were endodontically treated after sdedion
Caiesfree third mdars Inay
Caiesfreefirst or seoond mendibular mdars Qlay
Caiesfree premdars Teethvxere_ endodonti-cally treated after Qoan )
exradion
Intact, hedlthy, sinlarty Szed nmdars without \isible cradss, o
cavities, or restorations YS
Mdars with no decay or prior restorations, endodontically .
treated after selection
Intact, sound, sinvlar Sized mrdars without any vishle aradss, o
cavties or restorations Y
Third mdars without carious lesias Inayand orlay
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Table 2. Parameters of experimental samples, measurements and evaluation methods.

# Author Design of cavity

Qass | (MCD cauities: isthmus
1 Bresser RA[18] depth- 5mm fromthe highest  below@®) with DVE 3 anlaywithout DVE4.

agp; isthmswidth- 3mm)

Qass |l (standardized MCD
cauties)

N

MulerV[19]

Qass |l (standardized MCD
cavties. isthmus oodusal

Frarkerberger depth - 3mm) fromithe Hghest

R[] agp; isthmus bucoodingual

widh- 4mm 2mmindeptha
the battom of the proximal bo))

Qass |l (standardized MCD
cavties. isthmus oodusal

é

M [6] Uy, isthrmus buooodinguel

widh- 4mm 2mmindeptha
the battom of the proximal bog)

Qass |l (standardized MCD
cavities with an oodusal
wicth of half of the interauspal
dmension)

a1

lloenstein 1 [9)

Qass |l (standardized MCD
cavties. isthmus oodusal

()]

Gocaves D[ ausp; isthmus buccodlingual

widh- 3nm 4 mmindeptha
the battom of the proximal bo))

Qass |l (mesio-ocdusal-distal

7 Quis D (VD) caiy)

Qass |l (standardized MCD
cavties: 5 mmin bueca-lingual
edension, 2 mMmwicth at the
ocanvica ares)

oo

Zrag H[21]

Jass |l (standardized MCD
cavities: add wdls hed a
thidess of 2 mmand were
KdenS[2  reduoed for a cuspd coverage;
proximd boc 1.5 mminthe
mesiodsta and 4 mminthe
buccdlingual dretion)

©

Fredlio R dess |l (dandardized 4mm:
3 wide MCD cauty)
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depth - 3 fromithe Highest

DaSha  deph- 2mm fromthe highest 1 nmbelow

Deep of

) . Measurements of
proximal Experimental groups
. study
cavity

4gous 1 inaywithout DVE 2 inlay

1 Radure strength
orlaywith DVE
3goups: GL: Soatchbond Universal/
2mmbdow  RelyXUtirete G2 SyntacVaridlink I 1 Arelysis of margirel
the (&) G No pretrestment neetedParavia quality
SACGet
. 6 gous: DVEWss in5/6
Mesdly: 2nm ) .
%‘ECE] epaimenta goups G ReyX Uhcem
Distlly, 2-3 & GCm&G MaxoemHiteGE 1 Adlyss of nargine
rrmbel. I Qeafi Mejesty Posterior (1 layer) Ga quality
oo Qeafi Mhesty Posterior (3 layer) G
o DVE
. 6 gous: DVEWss in5/6
Mesdly: 2nm . .
l)t;e(E] epeaimena gouss GL RayX Uiceam
Distaly. 2-3 & GCan&G MaxoemHiteGE 1 Adlyss of margine
m'nbel. I Qeafi Mhesty Posterior (1 layer) Gai quelity
o Qeafl Mhesty Posterior (3 layer) (3
o DVE
- . 1 Aelyss of margirel
Mesialy, 1mm _ 290Us GL DVE*o@amic b0 poire
restorations G2 DVE + resin neno-
aoethe (B) . : . strength 3. Fadure
Distall: 2mm ceraic restorations G3 only cerarric beheviar of i
. restorations G4 only resin neno- geram
belowthe (B . ; and conposite indirect
cerarmic restoratios :
reestarations
4gous: GL: No DVEREYXARCR .
A > DVEIRSYXARCGR No DVEGCam 1 M";‘“'Gm
Gt DVEHGGam ot
S5goups: G Rjji IXpaced inasinge
3mmincrement & resinHodified
dass ionomer (RVA) - R Il paced
Mesdly: 1mm - intwo L5mmincements G . .
aovethe (B resinbesed corposite (REQ) - Fittek 1Ady5.£gmgnd
Dgdly: 2mm  Suprene Utra placed intwo 1.54mm E[t|CtEl]gr
belowthe (B  increrrents G& bulkill (BF) - Fitek
Bulk Al Posterior Restorative placed in
asinge 3-mm increment Ga contrd
(o DVB
4goups. G DVE (bulkill Stert
2mmbeony  Dentin Replacerrent), subgngval
the CBJ (EL, proximdl mergrs & DOVE
B B3goups)  (conventiondl resin conpasite), G 1 Facture strength

3mmbdon o DVE subgingval proxird mergins
) E4gap) Gt DVE spragngiel prodd
nmagrs

3gous: GL: DVEintwo increnents
Mesidly: 1mm of 1 mmwith avisoous conrposite
belowthe (B (Essentia) G2 DVE intwo increnents
Ogaly: 1mm  of 1 mmwith afloasble composite
aoetre®  (GMia Lhversa Ho) G3 (corntrd):
o DVE

1 Bauation of merginel
sed 2 Ardlyss o
madesgkage

4goups. (meterid of: DIVHIndredt
Mesidly: 2 mm restoration) GL: Fiteck HovSuprerre
belowthe (B) XTHLAVAUtinete & Hiteck Spreme 1. Ardlysis of margine
Dgally: 1mm  XTHLAAUtinete G3 Fiteck How quality
aoethe®E Surare XIHPSemax Gt Fiteck
Speare XTHIPSema

Evaluation method

1 Qassification (optica
mcrosoope and digital
photographe) 2 Scaming
electron micrascope (BY)

1 Scaming eledron
mcroscope (SBM)

1 Scaming eledron
mcroscope (SBM)

1 Scaming eledron
rmcroscope (SBM)

1 Sterearicrosoope
2 Scaming dledron
mcroscope (SBM)

1 Sterearicrosoope
2 Scaming dledron
mcroscope (SBM)

1 Scaming eledron
mcroscope (SBM)

1 Sereamicrosoope

1 Dgtd nricroscope

1 Scaming eledron
mcroscope (SBM)
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Fig. 1 Research selection process

was carried out, including materials and methods, for
compliance with the inclusion criteria. Articles that didn’t
meet the inclusion criteria were excluded from this review.
As a result, after applying the inclusion and exclusion
criteria, twelve full-text articles were included and analyzed
in the systematic review. After evaluating the selection of
articles in accordance with the inclusion criteria, a final
analysis of individual studies was conducted. The process
of sampling and analyzing studies is presented in the block
schematic diagram (fig.1).
Risk of Bias within Studies and Across Studies

After summarizing the risk of bias for each study, most
of the studies were classified as an unclear risk. A few
studies were considered as having a low risk of bias. There
were several limitations present in the current review,
including studies written in English only, which could
introduce a publication bias. There were various degrees
of heterogeneity in each study design, materials and
methods and treatment provided among the studies.

Analysis of marginal quality

In the studies included in the systematic review analysis
of marginal quality was carried out [6, 8, 14, 19, 23, 24]. To
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evaluate this parameter specimens of experimental groups
have been exposed to TML (Thermal- mechanical loading).

Before performing TML, the results of the studies
differed: in one study, higher percentage of continuous
margins were detected in specimens without DME
compared with DME-groups [9], other studies showed
that it showed no difference in margin quality between the
groups [14, 20].

After TML, a deterioration of the marginal integrity was
detected in all groups in comparison to the data before
TML [8, 19, 20], moreover, this was observed both in

179

enamel [8] and in dentine [6, 8, 14]. Marginal quality in
enamel was not different among groups with or without
DME [6, 8, 14].

After TML, the results in dentin were adequate in the
following groups: gap-free margins were 79%-92% when
ceramic luted to dentin directly [6, 8] and 77%-84% gap-
free margins with DME technique with three consecutive
layers of resin composite [6, 8].

Results obtained in the groups with DME using cement
and one layer of resin composite were significantly
worse.

O630pbI / Reviews

Table 3. Materials used in research.

Cavity surface

# Author . Restorative material for DME
conditioning
35‘693”!”@"9 Light-cured conposite with
sygen (Qutibod ) o -
high flonehllity + Light-cured
Bresser RA  IDBwas meck directly ; -
1 15 after cauity desig raiqm.;emversd conposite
optinizationand ST Bﬂ.f; Unersd
before OVE caTps
GL Soachbord
Unversd Bdet+  Fitek Suprene XTE (Universdl
2 MilerV[l9 Adesve@ Tad Restorative, A2 Brad Sece,
Bch+ Sntac Pimer - 3VIESE Nawss, Gamany)
+ Helidoord
GL RyXUiceem @ GGm &
g FEebegE o Meoem Hite Gland G Cleatf
R[g Vejesty Posterior
GL RyXUieem & GGm&
4 R%e[r;b” AcesE Meoem Hite Gland G Cleatf
VHesty Posteriar
5 lgentein)[g e Qo Tetric BoQeram
Ca Sha .
achesive system Adper
6 Gocaves Sood INXT Hitek 2250
D2
7 QuisTD  Scotchbord Universdl G Rji IXG Fuji I G Filtek
’ 24 Adresive Syprere Utra Gt Filtek Bulk Hil
GL hulkill Rflonede
8 ZagH[2] Monobord Hus corposite & Fltek Z3B0XT
conventional resin conyosite
GCEdwat (only Qoup 1 visoous coposite
9 KdenS[2Z emard)GPerio  EssetiaMD Goup 2 flonede
Bod coposite Gial Lhiversd Ho
Fredfio R . Hiteck Suprerme XTEor Fiteck
0 3 Gptibond A.system HowS.preme XTE
GL: 3Cptibond A, . .
) GL Premiseflonable & Tetric
1 JoskiJ[ sytem@& Adee
) BroHon® Buk Al
2 RoxaGr[14 Ofibod Asygem  Prarise HovA2 or Prarise A2

- no. 3/2021

Material of indirect Indirect restoration Indirect restoration

restoration surface conditioning fixation

Lithium disilicate (PS Marohybid, raciopecpe

enm) light-curing corrposite
(Bred Ais HOUY)
Conoosite resin ads SS; sablasing+ - ) Ui @
(Lava Utinete, 3V e G2 sarcblating + Vaidirk | GG Parevia SA
EFD Adesve "9 Ganrert
Monobond Hus
PSEpesCD  Bohyddiuoic Add + air-
gass-ceranicirlajs  weter spray + utrasonic beth —
(Absdue Grarics,  oethand + Monobond S
Leiprg, Gamany) + Syntac
Qeafll Mhesty B hydrdfluaric Add + air-
Posterior resin weter spray + utrasonic beth —
compasite iNays bethand + Monobond S
(Kureray, Takyo, Jeper) + Synac
Gl ad K feldspethic
cerarric Hods (Mia
Mak I, ita Zahrfalxik, GLand G3 9.5 %6hydrofluoric
Bad Sagd add + Qad AGget i
Gomy), PadG  Sgems P ReyX Utinete
coposite resin Hods universd achesive
(Lava™ Utinete, 3M
ESB.
Resin composite Gada Sandilasting + utrasonic
Indirect (GG Toyo,  bethwith ethendl + Adper RalyXARCar GGam
Jepan) Sootchbord IXT
Laa Utinete orlays
LAY (=B (M RelyX Utirrete
BB
Cerarric BEndooronns
from lithum disllicate
reinforoed ceranic (IPS Bethand + —
emex CAD Ivodar hydrdfluaric add + slare
Wvedkrt, Steen,
Liechterstein)

QCCraarat Sandblasting + GMUti priner GCBEM LinkFaree

IPSemex (lithium
dslicate) O LAA B hydrofluoric add + .
Utinete (ica, Zicoria.~ soricating +slare. X Utimete (MESD)
renoTers
Saddaging + slare (G GL NG Nexus™ Third
QL Caasat Slare Rimer, @ Monobond  Gangration G2 Varidlink
A Esthetic DC
microhybrid coposite Sandblasting + Monobond S Prenise 2
Parise A2 + Qptibond AL (Adhesive)
Endodontics
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Analysis of microleakage Results of the research showed lower microleakage
In the studies included in the systematic review analysis ~ Scores in groups without DME compared to the groups with
of microleakage was carried out [22, 24]. DME [22, 24]. Direct placement of the indirect restoration

Table 4. Tests and results.

# Author Test conditions Results

- Al sanples with or without DVE sunvived the ageing procedure. - Satistically, DVE
dd nat significantly influence the fracture strength. - No significart interaction effect
was aosenved between DVEad preparation design (onlayfinay). - Qriays with DVE
were stronger conpered to inays without DVE - Inays without DVE predonrinantly
corsisted of ceraric fradures; Inays with DVE consisted of an equal number of
ceraric fractures and of crown-roat fractures; Qrlays without DIVEand Qriays with
DVE preserted with crowntroat fradtures. - Statistical preparation design significantly
influenced the repairability of the fraciLres.

1 TML: 1200000 (1.7 Hg) a 50N 800 in5°C

A R ad 55 °C dndl tire of 0's (Chening Smulator

1 D Mechatronk GrbH Gemrany) 2 Fadure test:
18 Uiversal Testing Mechine (MTS 10, Eckn e,
USA: tanange of 15°, meximumforce 1nmi1 nin

1 TV medhenicd stress for 1.2 Mo cydeswith SON
a 16 Hz usng acerarric bdl (10 nmin daneter) as
an antagonist ooduding the croan center and thenrel - All groups showed a deterioration of the merginel integrity after ageing procedure,
2 MilerV[19  dresswes simuitaneously applied during 6000 gdes  the redudtion wes nat statistically significant. - No significant difference wes found for
between 5and 55 “Chyfilling the charbers with weter luting the irays to dentire or to DVE conposite.
for 2 nin in each tenperature. (Smulation of Syears
dinical weer)
- Al groups showed a significarnt deterioration of mergindl quility for both enarrel ad
TWL: “Quesinodd’ chening siuator, Lhiversity — dentin nargins after ageing procedure, inenandl it was nat different armong groups.
o Blangen, Gamany, abliquely ooduded against - Defedts batween the ceranric/luting resin corposite and between DIVE conposite/
amuiticonponent semi-porous aystaline cerarric luting corposite ranged belowv2% - The measured Iuting gap widths were not
Fankerberger  meterid) antagonist (6 mmin diaeter) for 100000 significantly different for dl Iuting systerrs. - After ageing procedre there were 9%

3 R[g odes at 50 Nat afrequency of 0.5 Hz The spedmens  of gap-free margins in dentin when ceraric luted to dentin directly. - Covering dertin
were simuitaneously subjected to 2,500 thenmel odes  with three consective layers of resin conposite and bonding the cerarric illayto the
between +5°Cand +55°C byfilling the chanbars with - sandblasted resin conposite achieved 84%gap-ree margins and wes nat significantly

water in each terrperature for 0s worse. - The percentages of gap-ree margins were much higher conpared with

direct tedmiques.

TV “Quesimodd’ chewing sinulator, University - Al groups shoned a deterioration of the margindl quility in dentine after ageing

o Elangen, Gemrary; abliquely ocduded against procedure, inerad it wes nat different anong groups - Defedts between inlay/
anuiticonponent semi-porous aystaline cerarric uting resin conposite and DIVE conpositelluting conrposite ranged below 24 - The

4 neterid) antagonist (6 nmindarreter) for 100000 neasured luiing gap widths were nat significantly different for al luting systerrs. -

M 6 odes at 50 Nat afrequency of 0.5 Hz The spedinens  After ageing procedure there were 7% 0f gap-free margins in dentin when oeraric
were simutaneously subjected to 2500 thenrel odes Iuted to dertin diredtly. - Govering dentine with three conseative layers of resin
between +5°Cand +55°C byfilling the chanbers with - conposite and bonding the cerarric inlay to the sandblasted resin conposite achieved
water in eech terrperature for 0s Tr%gapree margins and wes nat significanty worse.
- Before aging procedure, asignificantly higher percentage of continuous mergins
a the “tooth-composite” interface wes detected in group with direct Iuted resin
TWL: conputer-controlled mesticator (CoCoM 2, FRK restoration. Goups with cerarmic restaration with or without DVE shoaed loner
Zuxich, Shitzerland) for 1.2 Mo gydes with 49 Nat percentage of cortinuous margirs. - After aging procedure aloner percentage of
17 Hzwith cugps of huren ndas ssantagonists,  continuous margins in groups with DVEwere dbserved conrpared with the preeging
themrel stress wes gpplied Simuitaneouslyva 3000 assessren, these differences were nat statistically significart. - Ingroup with direct
5 ligerstein [9 themocydes between 5°Cand 50 °C (Simulation of 5 Iuted resin restoration there wes a high led of merginal quility after aging procedure.
years dinicd wear). Loedtofracure: universd testing - Inceraric onlay groups there wes asignificant redudtion in mergindl quality a
nmedine- 6-nmdameter sted spherewss positioned  the “onlay-luting conyosite” interface after aging procedure. - The highest meen
othe centrd fossa at anangle of 15° relative to fracture value wes recorded for group with direct Iuted resin restoration, groups with
the log axs of the toath. The lcedwes appliedata DIVE revedled siflar vaues regardess of the meterial used. - Spedners restored
aosshead speed of 0.5 mmiin urntil failure. with cerarric arlays predonrinantly extibited fractures solely within the restoration,
while inteeth restored with conposite arlays, the percentage of catastrophic fallures
incressed.

- The DVE inproved the bond strength of corrposite inlays Iuted with GGam (group
Maratensile bord strength test: a devioe for DVEGCemshoned higher bond strength values) and didn't change it with RelyX
mcratensile testing (Lodite Super Aue-3 od; Gamrany) ARG, there were ro statistical differences. - Graups with DIVEfailed predorminently
and a universal testing medhine (Instron 3345, Instron to interface between dentinfoonposite filling levd (DVEREyXARG 84.6% ad
D2 Qup, USY atacossheed speed o O5 i~ DVEIG:Cemy 76594, - For DVEfiniay failures, the predoninentfailure vies the
achesive between the cerrent and the inlay for both cerrerts.
- Before aging procedure, the margin quility wes significantly loner for the group
with resirrodified gass ionomer DVE than the group without DVE. DIVEWith
- . other meterids shoned o difference in dentin margin quiality as conrpared with ro
7 Quas TD H cyolic leed for 100000 (’WS. naveter bahat DVEgoup. - No statistical significance wes abserved anong groups after aging
aocostart 37 C The lced wes higher then nomd ) > ; :
4] chewing forces, itwes applied at the ariay | fossa noogire.Algam(mmdmruID\/B_mjmanjedareassmqrnnns
With a4 stedl nqgrse@_eri_forﬁ‘ereﬂmrpc_iﬁedg_as_ldmerDVEchp Honever, itwes nat
statistically significant - No Statistically significant difference wes dboserved for fracture
resistance aong grous o fracture modke by reteria used
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Author Test conditions

Fradure resistance testing: Repested medrerical
stress: under a conputer-controlled mesticator for
1,200,000 cydes, using tungsten carbide soheres (5.0
mmradus of cuvature) of 29 Nat 17 Hz (Smulation
o 5years dinical wear) and universdl testing meching,
to produce a static cormpression force onto the toath by
a5nmgted sphere. The arosshead speed wes set at
0.05 nms until fracture cocurred

oo

Zrerg H[21]

Teeth were placed inatest tube with diuted
amoniacd silver nitrate solution for 24 hand after
that rinsed inweter for 10 rmin. Eachtooth wes placed
inatest tube with the diluted photo-develaper solution

©

Kden S[2Z]
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Results
- The fracture resistance led in groups with DVEwes significantly increesed
copared to direct Iuted restaration with subgingival mergins. - Goup with

suragingvd pradinel margins shoned the highest resistance and leest catastraphic

fracture, falloned by DVE group with bulkfill SOR Therewes no datistical

significance between two filled groups with DVE - Theworst fracture wes in group
& adthe leadt fracture was in group G4 - Groups with DIVEfractured nainly a
the interface between dentinfoonposite layer or within the resin conrpasite layer for
DOVE, while groups without DIVE fractured from the surface to the interface through

dl layers verticelly.
- Goupwithout DVE shoned significantly less nandeekage (socare 1 0%oto 2%
o gngva floor interface shoning nendeskage) The median leskeoe scorewes
2for bath composites and 1 for the contrd group, with o QVR No significarnt
difference in leskage soores a the dentinDIVEE conrposite interface between the

(Kodsk, UBA 1:10 retio of photo-developer salution  two conposites. - Leskege significantly differed between the two bonding interfaces
to distilled weter). After 8 h, teeth were thrice rinsed in - (enamel and dentin). Inall three aralyses, leskage soores were significantly higher at

water for 10 min

TML: ACS4.4 chewing Simulator: A6-mm-dianmeter
Stegtite sphere wes applied using an codusdl loed of

the dentin interface then (as conrpared) a the eradl interface.

SN afrequencyd 1H, adadonvardspeed  No significant differences inthe margindl integrity were found for the different resin

SredficoR  of 16 nms. Thetest wes perfomred for 72 hy which
spedimens were subjected to 7800 themdl oydes
between +5°Cand +55°C hyfilling the charrbers with
weter of the appropriate terrperature for s

Teeth were placed inatest tube with diluted
amoniacd silver nitrate solution for 24 hand after
that rinsed inweter for 10 rrin. Each toath wes placed
Juosd J [4)

composites between margins with and without DVEfor RNCand LDaowrs, the

caresponded to 240,000 cydes. Duing thetest, the  thidaness of resin cement to be sinvilar and no gaps were evident between the cenent

andthe restoration

- Nbtrace of leskage wes naticed @t the overlay/uting cerrent and luting cement/
floasble conposite DVE interfaoes, variable leskage was only recorded at the dertin

interfaces. - Significantly loner micrdeskage score in spedmens without DVE es

inatest tube with the diluted photo-developer sdution  conpered to the pedimens with DVE - The DIVEtechnique infpeired the sedling

(Kodek, LBA 1:10 rdtio of phato-developer sdution  at the cenvicd mergins. - Diredt placerment of the restaration on dentin without DVE
to ditilled weter). After 8 h, teeth were thrice rinsed in - resuited in significantly loner merginel leskage and therefore better mergindl sedl then

water for 10 min

Fetigue mechine: under a pressure of 141 anHQ Al
Spedimens were subjected to 1,000,000 cydes with 100
R GT I i at & 1.5+ frecuency following acne helf-sine
vae cune, These conditions are taken to Simulate
about 4 years of dinical senvice.

TML* - Thermal-mechanical loading

on dentin without DME resulted in significantly lower
marginal leakage and therefore better marginal seal than
that obtained with the DME technique [24].

Leakage significantly differed between the two bonding
interfaces (enamel and dentin). In all three analyses,
leakage scores were significantly higher at the dentin
interface [22, 24] than at the enamel interface [22, 24].

Fracture strength

In the studies included in the systematic review analysis
of fracture strength was carried out [9, 18, 20, 21].

DME did not statistically influence the fracture strength
[18, 20]. When ceramic restorations were fixed directly to
the dentin, specimens showed the highest resistance and
least catastrophic fracture, followed by DME-group with
bulk-fill SDR [21].

Onlays presented with higher fracture strength as
compared to inlays, also onlays with DME were stronger
compared to inlays without DME [18]. At the same time,
the highest mean fracture value was recorded for onlays
without DME [18].

The material of DME did not statistically influence the
fracture strength [21].

In groups with DME all fractures had avertical orientation
[9] and were mainly at interface between dentin/composite
layer or within resin composite for DME [21].

Volume 19,

thet datained with DVEtedmicue.
The margindl adptation to enarrel hes shonn no influence of the DIVE presence.

- After loeding, perfect adaption percentages decreased. - The nargindl adption

to cenvicd dentin hes shoan ro influence on the DIVEE presence. - Therewss o

N eccentric ooousal loeding force. Theaxdd forcewes difference evidenced for intermal adaption between the different interface segents,

honever, more ggps were found onthe praxind preparation shoulder (canvical

dentin), ggps were located above the hytrid layer. - No defiect between floasble o

restorative corposite bese and Iuting conrposite wes abserved in either group or
sarpe

The material of indirect restoration also had an influence
on fracture resistance: in teeth restored with composite
onlays (both with and without DME), the percentage of
catastrophic failures increased, compared to groups with
ceramic restorations, where predominantly exhibited
fractures solely within the restoration [9].

In the group where resin composite restoration was
directly fixed on dentine, all fractures had a vertical
orientation [9, 21]. However, in group with ceramic
restoration without DME the results were different: both
horizontal fractures of the ceramic restoration at the level of
the cuspal reduction [9] and vertically fractures through all
layers from the surface to the interface were observed [21].

Microtensile bond strength

In one study included in this systematic review analysis
of microtensile bond strength was evaluated [2].

The DME improved the bond strength of composite
inlays but only luted with G-Cem.

When resin composite inlays were luted with RelyX ARC
to DME composite, bond strength values were similar with
luting directly to dentine, at the same time, the DME did not
decrease bond strength. However, there were no statistical
differences between the two cements [2].

Groups with DME failed predominantly at interface
between dentin/composite filling level. For DME/inlay
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failures, the predominant failure was the adhesive between
the cement and the inlay for both cements [2].

Discussion

In one in-vitro study, the influence of DME on the fracture
strength and the fracture pattern of endodontically treated
molars was investigated [9]. No significant difference was
found between the fracture strength of groups restored with
and without DME, independent of the used overlay material [9].

Restorations with and without DME do not differ
considerably, regarding their fracture strength [9, 19].
The strength of restorations with DME may be positively
influenced by the shorter proximal extensions of the indirect
restorations with DME [19].

A deterioration in marginal integrity was detected in all
groups after TML, but the best results showed samples
when ceramic was luted to dentin directly [6, 8]. However,
the groups using the DME technique with three consecutive
layers of resin composite had the same results which did not
differ statistically, but DME made of other materials showed
worse results. The choice of the material for DME is still a
controversial issue. Dietschi et al. have received promising
results for flowable composites [5], which on the other hand
could result in excess material in the deep proximal cavities
because oftheir lowerviscosity [25]. Higherfilled composites
however may have difficulties to adapt in the cavity, because
of their higher viscosity. Rocca et al. found that that the type
of composite did not have a significant influence on the
marginal adaption [6, 14]. A study by Frankenberger et al.
reported that the marginal quality to dentine was influenced
to a greater extent by a meticulous layering technique, but
not the type of material [8]. A study by Roggendorf, M. J.
et al. showed that 3 layers of resin composite for DME
exhibited a promising result in terms of marginal quality
to deep proximal dentine [6]. A meticulous application
of hybrid composite layers is the best way to prevent the
formation of gaps [8]. On the other hand, Dietschi et al. [5]
noted that flowable composites, which are materials with an
intermediate modulus of elasticity, having more favorable
marginal adaptation compared to packaging composites;
Due to the low viscosity, the flowables are easily applied to
deep proximal areas, resulting in fewer voids, and perfectly
wet the bonding surface [26], which makes them favorable
for use in DME. On the contrary, there are studies showing
that high-filled composites have an advantage due to their
lower contraction stress during polymerization and higher
resistance to deformation under load [27]. However, the
direct application of a ceramic insert without DME provides
a significantly higher number of fields without gaps in in vitro
studies [28].

At first glance, there is a misunderstanding in why the
DME technique should have any advantages: regardless of
whether itisfilled inadirect or indirectway, the deep proximal
box remains the same. Even though the adhesion of indirect
restorations shows promising results [8, 29], isolation in
deep proximal boxes remains very difficult. Nevertheless, if
we focus on the clinical data, we can conclude that bonding
a small portion of resin composite to the proximal box floor
is a significantly faster procedure when compared to luting
of indirect restorations [30, 31]. The absolute advantage
of using the DME is the facilitation of the stages of fixing
indirect restorations, for example, rubber dam isolation
will be simplified and faster for creating dry conditions just
as finding and removing of excess luting composite after
the direct restoration insertion. DME provides smaller
restoration size and decreases its depth, which makes the
light polymerization process of the luting composites easier
[32, 33]. Moreover, it is much easier to take conventional

silicone or optical impression when the margin of the
preparation is located at supragingival level [19].

In the present study, teeth with composite onlay
restorations and DME showed a poorer marginal integrity
at the dentin interface following TML, when compared
with specimens without DME. DME hasn’'t proven to
influence the marginal quality of the specimens restored
with ceramic onlays, while fracture resistance seemed to
be slightly increased (though this increase was found to be
insignificant)

Among the ceramic specimens, DME led to vertical
fracture lines only, while restorations without DME exhibited
horizontal fracturing of the distal proximal wing at the level
of the cuspal coverage. These findings may be due to a
combination of an unfavorable cavity design with a greater
concentration of tensile stress at the transition between the
occlusal and proximal boxes and the rigidity of the ceramic
material [9].

If we’re going to discuss the predominant failure mode,
then in groups with DME it was located at the interface
between the composite for DME and the dentin [2].

The level of microleakage during the DME technique
depended on the type of tissue of the preparation margin.
For example, there was almost no leakage at the enamel-
bonding interface. Probably, the distinguishing prismatic
structure of the enamel after etching provides a reliable
micromechanical interlocking. On the contrary, leakage at
the dentin-bonding interface was observed in all the studied
samples [22]. These results were observed with various
filing materials and didn’t have statistically significant
differences, although the flowable composite showed
slightly better efficiency than that of the hybrid composite
[22]. Several previous studies also showed that there was
no significant difference between the two composites
for DME in terms of margin quality [5, 14, 23]. The studies
included in our review showed that direct placement
of indirect restorations on dentin (without DME) led to
better results of marginal sealing when compared to DME
groups. Unfortunately, these results cannot be confidently
extrapolated to clinical practice since the conditions in the
oral cavity differ from those in vitro.

The DME technique is called into questioning by the
polymerization shrinkage of the applied polymer composite;
But this aspect is not the main problem, the mechanical
load by the stiffer ceramic part, a different modulus of
elasticity and, possibly, weak transition zone between
resin composites, are of greater interest and involve some
guestions about the durability of this procedure [34].

Limitations:

During our systematic review, various research results
could be obtained. Firstly, various materials were used
to prepare the surface of the hard tissues of the tooth for
DME. Secondly, the DME in each study was carried out from
different materials. Thirdly, the design of the shape and the
material of the indirect restoration, as well as the preparation
of its surface and luting procedure, differed. Moreover,
the samples were subjected to various thermomechanical
loads. In order to give a confidently objective assessment
of the DME technique, it is necessary to conduct further
studies with uniform established measurement parameters.

CONCLUSIONS

We conducted a systematic review, which included 12
in vitro studies. Two main parameters were evaluated:
the effect of DME on marginal quality, and on fracture
resistant. The samples with DME showed similar results
to the samples where indirect restorations were directly
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applied to the tooth tissue, but the experimental groups
without DME showed better results. On the other hand, in
clinical practice, DME contributes to a simpler, faster, and
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