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Abstract: Deep Margin Elevation (DME) is a widely adopted technique for managing subgingival
cervical proximal margins by repositioning them to a supragingival location. This approach enhances
access, visibility, and control in these anatomically challenging areas. This review aims to consolidate
existing literature on the indications/contraindications, materials, clinical application steps, and long-
term clinical outcomes of DME. A variety of materials have been investigated for use as the
intermediate layer, with composite resins of varying viscosities and filler compositions being
preferred due to their favorable long-term mechanical properties. However, more randomized
clinical studies with sufficient follow-up are needed to determine the longevity of such restorations
and to evaluate their impact on periodontal health. Understanding the indications, limitations, and
protocol of DME is critical for achieving biologically sound and predictably functional restorations.
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1. Introduction

Achieving optimal restoration in the presence of subgingival margins remains one of the most
demanding challenges in restorative dentistry [1]. Subgingival margins complicate key clinical
procedures such as rubber dam isolation, the placement and stabilization of matrix systems, and the
proper adaptation of restorative materials [2]. Furthermore, they hinder the removal of excess
material, compromise finishing and polishing in the cervical region, and complicate impression-
taking, cementation, and bonding procedures, particularly for indirect restorations [3]. Failure to
control these factors often leads to iatrogenic damage, plaque accumulation, gingival inflammation,
violation of the supracrestal tissue attachment (STA), secondary caries, and eventual failure of the
restoration [4]. Therefore, the clinical management of deep subgingival margins is critical to ensure
both the biological health of the periodontium and the longevity of restorations [5].

Several strategies have been proposed to manage deep subgingival margins, including surgical
crown lengthening and orthodontic extrusion [6,7,8]. While these methods can effectively reestablish
a supragingival margin, they are associated with significant limitations. Surgical crown lengthening,
although predictable, may compromise the periodontal support of adjacent teeth, negatively impact
esthetics, particularly in the anterior region, and require substantial healing periods before final
restoration [9]. Orthodontic extrusion, while preserving periodontal structures, necessitates patient
compliance, demands extended treatment time, and may involve complex interdisciplinary
coordination [10]. These drawbacks generally underline the need for a less invasive, more efficient
approach that addresses deep margins without jeopardizing periodontal health or treatment
timelines.

In this context, Deep Margin Elevation (DME) has emerged as a minimally invasive alternative
that maintains the integrity of natural periodontal architecture [11,12]. Originally introduced by
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Dietschi and Spreafico in 1998 [13], DME involves the coronal relocation of subgingival cervical
margins through the strategic placement of an intermediate layer of resin composite. Initially
conceptualized for use with indirect adhesive restorations such as inlays, onlays, and overlays, the
technique has since expanded to include its application in direct restorations and chairside-fabricated
indirect restorations [14]. By elevating the margin to a more accessible supragingival position, DME
facilitates critical restorative procedures such as isolation, matrix adaptation, composite layering, and
finishing and polishing [15]. Furthermore, it reduces the risk of biological complications associated
with subgingival margins, such as plaque retention and inflammation, thereby supporting long-term
periodontal stability [16].

Despite the growing adoption of DME in clinical practice, the technique continues to raise
several pertinent questions. Concerns remain regarding the material properties of the intermediate
layer, the biological response of periodontal tissues to resin-based interfaces positioned near the
supracrestal tissue attachment, and the long-term success rates of restorations involving margin
elevation [17]. Moreover, current literature reveals considerable variation in clinical protocols,
materials selection, and outcomes assessment, highlighting the absence of standardized guidelines
for its implementation. Given the increasing reliance on adhesive restorations and the trend toward
minimally invasive dentistry, a comprehensive review of the DME technique is both timely and
necessary.

This article aims to critically analyze existing evidence on DME, outlining its historical
development, clinical indications and contraindications, procedural steps, material choices, and
periodontal considerations. In addition, it seeks to identify the current limitations within the body of
research and suggest areas where future clinical studies are warranted to optimize and validate this
promising restorative approach.

2. Materials and Methods

A comprehensive literature review was conducted to gather relevant studies on Deep Margin
Elevation (DME) and related techniques. Electronic searches were performed across three major
databases: PubMed, Cochrane Library, and Scopus. The search strategy employed the following
keywords: "deep margin elevation,” "proximal box relocation," and "cervical margin relocation,”
combined using Boolean operators ("AND", "OR") where appropriate to optimize search sensitivity.

Inclusion criteria were defined to select studies that addressed DME techniques, their clinical
indications and contraindications, materials utilized, procedural approaches, and reported clinical or
laboratory outcomes. Eligible publication types included meta-analyses, systematic reviews, clinical
studies (both prospective and retrospective), case series, case reports, and in vivo/in vitro
experimental research. Only articles published in the English language were considered, with a time
frame set from January 1998, the year DME was first introduced, to December 2024. Abstracts were
screened initially to determine relevance, followed by full-text review for final inclusion. Exclusion
criteria were set to omit articles that did not specifically address DME or its clinical applications,
studies focusing exclusively on surgical or orthodontic management of subgingival margins without
reference to restorative techniques, and non-English publications.

The selection process and eligibility assessment are outlined in the relevant Prisma Flow
diagram [18] (Figure 1)
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Figure 1. Prisma Flow Diagram.

The reviewed literature included various study types. Among the 74 items analyzed, 16 were
clinical experimental studies. Additionally, the review comprised 33 in vitro studies, 14 systematic
or narrative reviews, 3 case reports, 6 opinion articles, and 2 meta-analyses. The distribution of each
type of evidence, along with its corresponding percentages, is presented in Figure 2.
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3. Results.

3.1. Evolution of DME

DME is based on relocating deep cervical margins coronally with an intermediate material layer,
offering an alternative to surgical crown lengthening and orthodontic extrusion (Figure 3) [15.19].
Dietschi and Spreafico proposed using composite resin for this purpose [13]. The technique evolved
from the open-sandwich technique, which used glass ionomer cement or resin-modified glass
ionomer cement [20]. Today, composite resins of various viscosities with layered application options
are predominantly used [21].

In 1998, Dietschi and Spreafico introduced the technique commonly referred to as deep margin
relocation. This technique gained wider recognition in 2012 with the term “deep margin elevation”,
which was proposed by Magne and Spreafico [14]. The goal of this technique is to elevate the cervical
margin of a cavity coronally, either at or above the gingival level, using composite resin.

However, the article by Dietschi and Spreafico was not the first to reference the use of material
for relocating the cervical margin of a cavity. As early as 1977, McLean and Wilson proposed the
placement of a glass ionomer cement layer at the cervical margin of Class II restorations with
subgingival margins, followed by overlaying this layer with composite resin. This method, widely
known as the “open-sandwich technique”, demonstrated limited success due to the dissolution and
mechanical degradation of conventional glass ionomer when exposed to the oral environment [22].

To address these limitations, resin-modified glass ionomer cement was introduced, offering
improved mechanical properties, easier handling and significantly higher success rates compared to
traditional glass ionomer. Nevertheless, advancements in composite resin materials and the ability
to ensure proper isolation and moisture control, have shifted the focus of most researchers towards
the exclusive use of various types of composite resins for cervical margin elevation [23,24].
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Figure 2. Basic principle of Deep Margin Elevation.

3.2. Indications for DME

DME is primarily indicated for clinical situations where deep cervical proximal margins extend
subgingivally but still remain within the limits of the junctional epithelium [25]. Successful
application of DME relies heavily on preserving the biological width, now more precisely termed the
supracrestal tissue attachment (STA). To avoid STA violation, it is critical to ensure that the
restorative margin is positioned at least 2.04 mm coronal to the alveolar bone crest, accounting for
the dimensions of both the junctional epithelium and connective tissue attachment [5].

In addition, DME is particularly beneficial when managing deep margins during indirect
restorative procedures such as inlays, onlays, and overlays. Elevating the margin to a supragingival
or easily accessible location offers multiple clinical advantages. These include improved moisture
control, enhanced visibility, facilitated impression-taking, more predictable bonding conditions, and
easier removal of excess restorative material [2]. Achieving a supragingival margin significantly
enhances the clinician’s ability to isolate the operative field, a crucial factor for the success of adhesive
procedures. However, a fundamental prerequisite for performing DME is the ability to achieve
complete and effective isolation of the operative field using a rubber dam [14]. Without adequate
isolation, the risk of contamination increases, compromising the adhesive interface and the longevity
of the restoration. Therefore, DME should only be considered in cases where proper rubber dam
placement and stable isolation are feasible [26].

3.3. DME Technique

According to the protocol suggested by Magne et al [14], DME should be performed only when
the field can be properly isolated with a rubber dam and the matrix system provides a firm seal.

After placing a rubber dam, old restorations and carious tissues are removed. Radiographic
examination of the margin is essential to verify STA integrity and pulp involvement. Periodontal
evaluation ensures predictable healing [27].

Tofflemire circumferential metal matrices are preferred, covering the cervical margin fully. In cases
where the margin lies above the cemento-enamel junction (CEJ), conventional matrices suffice. For
sub-CE] margins, curved metal matrices, trimmed to 2-3 mm, slightly above the desired margin
height- ensure proper adaptation and emergence profile (Figure 4) [14].
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Figure 3. DME with trimmed curved metal matrix.

A critical focal point during DME is to ensure that neither the gingival tissues nor portions of
the rubber dam interfere between the prepared margin and the matrix band. Proper matrix
adaptation is essential for achieving an accurate restoration contour and an optimal seal [28].
Additionally, sufficient height and stability of the buccal and lingual walls are crucial, as these
structures support the matrix system and maintain its proper positioning during composite
placement [29]

Before proceeding with bonding procedures, Magne et al. [12] recommend the gentle re-
preparation of the cavity margins using an ultrasonic instrument or a fine-grit diamond bur. This
step aims to remove any debris or contamination that may have occurred during matrix placement,
thereby optimizing the substrate for adhesive bonding.

For the adhesive protocol, the use of a three-step etch-and-rinse adhesive system combined with
Immediate Dentin Sealing (IDS) is advised to enhance bond strength and long-term stability.
Composite resin is then applied incrementally to elevate the margin by approximately 1.5 to 3 mm.
Preheated composite resin (at approximately 55 °C) is preferred, as the increased temperature
reduces the viscosity of the material, allowing for improved adaptation to cavity walls and
minimizing the risk of void formation.

Following composite placement, excess material should be meticulously removed using a No.
12 surgical blade. Flossing between contacts and polishing with abrasive strips help refine the
interproximal surfaces and ensure proper emergence profile. Radiographic confirmation, preferably
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using periapical X-rays, is a recommended final step to verify the correct adaptation of the material,
absence of gaps or voids, and a harmonious emergence profile before proceeding with the final
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indirect restoration. (Figure 5).

Figure 4. Matrix-in-matrix technique.

Despite the emphasis given on rubber dam and matrix system placement, Frese et al described
a technique that utilizes none: the R2-technique [27]. This approach relies on the principle that
moisture control during the cervical margin relocation is confined within a small section of the defect,
which is easily managed not to be contaminated by saliva, blood, and crevicular fluid. In the first step
of this technique, after etching and bonding, a thin layer of flowable composite is placed on the
surface, followed by a layer of nanohybrid composite without matrix (Figure 6). Both layers are light-
cured simultaneously (snowplow technique). The inevitable excess is removed at this point using a
No. 12 scalpel blade or a fine diamond bur. Afterwards, if a direct restoration is planned, a rubber
dam, a sectional matrix, and a wedge are placed to shape the proximal surface. [27,30].
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Figure 5. Snowplow technique for DME: A thin layer (1 mm) of flowable composite is applied to the margin,
followed by an increment of condensable composite resin, which is then directed toward the margin and
polymerized simultaneously with the flowable layer.

Even though the DME technique was first described for indirect restorations to facilitate
impression taking, try-ins, cementation and excess removal, it can be a useful tool for defects that will
be restored directly. In this way, rings are easily placed, a better emergence profile and tight proximal
contacts are achieved.

3.4. Microleakage & Marginal Adaptation

Microleakage and proper marginal adaptation is a critical concern in DME due to the challenges
of bonding to deep margins, as well as the difficulty in achieving a firm contact between the matrix
and the cervical margin. Bulk-fill flowable and bioactive composites showed acceptable adaptation,
while glass ionomer cement (GIC) exhibited poor mechanical properties over time. Flowable
composites are beneficial in DME due to their low viscosity, which allows for excellent marginal
adaptation [31]; however, evidence suggests that thicker layers of flowable composites are prone to
polymerization shrinkage [32], making the snowplow technique particularly useful in DME scenarios
by minimizing the thickness of the flowable layer and reducing the risk of long-term failure.
Moreover, existing literature consistently indicates that self-curing resin cement generates a
significantly higher number of microgaps, rendering it unsuitable for DME applications [33].
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Table 1. Microleakage & Marginal Adaptation

Authors Type of study  Bonding agent used Means of evaluation Results
Daghrery etal In vitro study Total etch and 8th After thermal loading, Bulk fill flowable composite and
[34], 2024 generation bonding agent marginal adaptation was bioactive composite demonstrated

assessed by measuring the  acceptable marginal adaptation.
vertical gaps between the Glass ionomer cement produced the
lithium disilicate crown, greatest change in vertical marginal

the restorative material, adaptation.
and the underlying tooth
structure.
Reddy et al [35], In vitro study Total etch and 5th Samples were examined for The use of glass ionomer cement
2024 generation bonding agent microleakage using (GIC) with hydroxyapatite addition

confocal laser microscopy, ensures better marginal adaptation
and for interface integrity =~ compared to flowable resins, but

using scanning electron flowable resins create a more
microscopy. homogeneous surface.
Sadeghnezhad Meta-analysis N/A Data analysis was done by The use of DME had a positive effect
etal [1], 2024 biostat software, 7 studies in reducing microleakage compared
were included. to indirect restorations with

subgingival extension.

Baldietal [31], Invitrostudy Self-etch bonding agent Specimens were scanned ~ Flowable composites exhibited

2023 with micro-CT before after fewer interfacial gaps than
thermomechanical loading. nanohybrid composite.
Ismail HSetal  Systematic N/A Marginal adaptation was Bulk-fill composites are
[36], 2022 review evaluated using alow  recommended for proximal cavities
vacuum scanning electron ~ with dentin/cementum margins,
microscope. while RMGIs are better suited for

poor moisture control or high caries
risk. Despite bonding challenges,
various adhesive protocols have
shown comparable outcomes.
Vichitgomen et In vitro study 5th generation bonding Marginal sealing ability at Microleakage was similar between

al [37], 2021 agent different interfaces was DME and subgingival indirect
evaluated with a restorations, but significantly higher
stereomicroscope at 40x  with resin-modified glass ionomer
magnification by scoring cements.

the depth of silver nitrate
penetrating along the
adhesive surfaces.
Zhang et al [38], In vitro study Total etch Specimens were coated In endodontically treated teeth
2021 with two layers of nail restored with an endocrown
varnish extending 1 mm extending into the pulpal chamber,
beyond the crown margins DME increased fracture resistance
and immersed ina 0.55%  but did not reduce microleakage
methylene blue solution. levels.
Gingival microleakage was
then evaluated under a

stereomicroscope.
Jawaed et al [32], In vitro study Total etch Specimens were sealed  The "snowplow" technique ensures
2016 with acid-resistant varnish, lower microleakage in DME

leaving a 1 mm margin  situations, because it reduces the
around the cervical area, thickness of the flowable resin at the

and immersed in 2% base, which—due to its lower filler
buffered methylene blue content—exhibits greater
solution for 24 hours. polymerization shrinkage.

Microleakage was
evaluated under a
stereomicroscope, scored
(04), and measured in
millimeters.
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Spreafico etal Invitrostudy 4th generation bonding Gold-sputtered epoxy No statistically significant
[21], 2016 agent replicas mounted on differences in microleakage levels

aluminum stubs were ~ were found between margins with
examined under SEM at and without DME for indirect

50X magnification. restorations.
Frankenberger et In vitro study Self-adhesive resin Microgaps were analyzed Direct bonding of glass ceramics to
al [39], 2012 cements; with SEM Analysis.  dentin showed the fewest microgaps

(92%), followed by bonding to three-
layered composite resin (84%), while
repositioning with self-curing resin
cement resulted in significantly
more microgaps.
Stockton etal In vitro study 5 groups: total etch; 6th Marginal integrity was  On dentin, self-etch systems yielded

[33], 2007 generation; 7th generation; measured by the lower microleakage rates. On
resin-modified-glass-  percentage of surface area  enamel, they showed increased
ionomer-cement stained by silver nitrate rates.
solution.

3.5. Bond Strength & Layering

Securing a strong bond in the deep cervical margin is crucial to ensure long-term restoration stability.
The literature remains inconclusive regarding the performance of flowable composites as an
intermediate layer. Flowable and condensable composite resins demonstrated similar fracture
resistance [40], with no significant impact observed from variations in DME layer height. Self-etching
or universal adhesive systems are recommended for DME procedures, especially in cases when the
tooth substrate is exclusively root dentin, or cementum. In an in vitro study by Magne et al [41],
preheating the adhesive system (3-step etch-and-rinse) exhibited significantly increased pTBS
between the composite resin and the underlying dentin. While this technique is still under
investigation, it could be a valuable suggestion for further research, particularly in DME scenarios
where bonding to dentin is a challenge, by potentially enhancing bond strength and improving long-
term restoration performance.

Table 2. Bond Strength & Layering

Authors Type of Bonding agent used Means of evaluation Results
study
Ismailetal  Invitro 7th & 8th generation Specimens Light-cured adhesives
[42], 2024 study bonding agents underwent uTBS  showed the weakest uTBS to
testing after aging. root-proximal dentin, while
chemical and dual-cured
agents performed
comparably.
Balcietal [40], Invitro Bonding agent N/A.  Static force was Flowable and condensable
2024 study Materials used for applied at an angle of composite resin exhibited
elevation: flowable  15° to the point of  similar fracture resistance.
composite, fracture. Fracture
condensable strength was
composite. measured and
fracture types were
examined under x6
magnification.
Juloskietal  Invitro 7th generation SEM evaluation of  Self-etching or universal
[43], 2020 study bonding agent ~ marginal adaptation adhesives are recommended

& microleakage  for DME to prevent dentin
over-etching.
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evaluation with nail
varnish
de Mattos Invitro  5th generationb.a.; Two slabs per tooth  The presence of flowable
Pimenta Vidal study resin-modified-glass- were used for yTBS  composite significantly
et al [44], 2012 ionomer testing and two for decreased micro tensile bond
nanoleakage strength after aging
assessment, based on simulation.

penetration length
(%) and silver nitrate
deposition.

3.6. Periodontal Response

The relationship between DME and periodontal health has long been a topic of debate, with
heterogeneous results in literature. It is generally accepted that DME is contraindicated when the
cervical margin is located less than 2 mm from the bone crest; in such instances, surgical crown
lengthening should be considered (Figure 7,8). Before determining the treatment plan, clinicians
should carefully assess the distance from the bone crest through radiographic examination and bone
sounding. When the supracrestal tissue attachment (STA) is preserved (more than 2.04 mm from the
bone crest), DME can be compatible with periodontal health, provided that the patient maintains
adequate oral hygiene (Figures 9). It is essential to establish an emergence profile that enables the
patient to maintain effective oral hygiene. Undercontoured profiles and STA violation may result in
open contact points, food traps, gingival inflammation, and ultimately, restoration failure (Figure
10). Additionally, the stages of excess removal, finishing, and polishing of the composite are critical,
as only a perfectly smooth composite surface can facilitate the formation of a healthy junctional
epithelium, thereby promoting periodontal health [25].

Figure 7. DME with open flap.
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Figure 8. Left: Subgingival caries in mesial surface of maxillary second molar. Right: Proper emergence profile
after DME.

Figure 9. Left: Subgingival margin with minor STA violation. DME can be tolerated in such cases. Right:
Subgingival margin with deep STA violation. In such cases, crown lengthening should be considered.
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Figure 10. Proper emergence profile of the intermediate layer allows for a tight contact point, preventing material

overhangs and ensuring periodontal health.

The relevant data on periodontal response are presented in Table 3.

Table 3. Periodontal Response

Authors Type of study Means of evaluation Results
Hausdorfer et al ~ Prospective  Following DME combined = Proximal boxes treated with DME
[45], 2024 controlled with indirect restoration, were correlated with increased risk
clinical trial =~ periodontal response was of gingival inflammation.

assessed with BoP, PI, PPD
with a follow-up of 1 year
Felembanetal  Systematic 68 articles were included If the cervical margin is <2 mm from
[5], 2023 review the bone crest, DME is
contraindicated, and surgical crown
lengthening (SCL) should be

performed.
Ghezzi et al [46], Caseseries  Periodontal response was When the supracrestal tissue
2019 assessed with BoP attachment (STA) is respected (>2.04

mm from the bone crest), DME is
compatible with periodontal health,
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with reduced bleeding on probing
observed over 12 months.
Bertoldi et al [47], Clinical study Periodontal response was The DME technique is compatible

2019 assessed with full-mouth with periodontal health, at levels
plaque and bleeding score,  similar to intact tooth surfaces.
focal probing depth.
Ferrari et al [25], Clinical study Periodontal response was A flat contour of the intermediate
2017 assessed with BoP, GL, and layer after deep margin elevation
PL (DME) has been associated with

intense inflammatory infiltration
and subsequent bone resorption,
while clinical observations reported
an increased incidence of bleeding
on probing around DME-treated
surfaces; however, although
elevated bleeding on probing was
also noted at 12 months post-
treatment, no bone resorption was
detected, likely due to the
insufficient follow-up period.
Oppermann et al Clinical study Periodontal response was It was observed that subgingivally

[48] assessed with BoP, GI, and placed restorations had comparable
PL behavior to sites treated with crown
lengthening.
Padbury et al Literature Periodontal response was ~ Overextended material near soft
[49], 2003 review assessed with BoP and tissues can severely compromise
probing depth. periodontal health.

3.7. Failure Rate

Deep Margin Elevation (DME) restorations demonstrate high survival rates, especially when
combined with indirect restorations. Bresser et al. [50] reported a 95.9% five-year survival rate for
partial-coverage restorations with prior DME, while Cieplik et al. [51] found comparable outcomes
between restorations with and without DME. Similarly, Roggendorf et al. [52] observed no
statistically significant differences in failure rates between DME and non-DME groups. Reported
failure modes primarily include secondary caries, fractures, and pulpal complications [53,54,55].
However, existing studies differ in follow-up duration, sample size, and methodologies, which limits
the strength of the conclusions. Although short- and medium-term data are favorable, further large-
scale, long-term clinical trials are necessary to fully validate the longevity and reliability of DME
restorations.

A critical factor in assessing the long-term performance of DME restorations is a comprehensive
evaluation that includes not only the DME itself but also the overlying restoration. Although DME
was initially introduced as a technique for indirect partial coverage restorations, the existing
literature predominantly focuses on cases where the final restoration was direct composite resin. This
discrepancy may influence the interpretation of results and the conclusions drawn regarding the
long-term efficacy of DME. Therefore, future research should account for this limitation. Out of the
included studies (in vitro or in vivo), 13 used exclusively direct composite resin restorations, 11 used
indirect partial coverage restorations, 1 examined both and 4 used full coverage crowns. The
distribution of final restoration types is presented in Figure 11 and relevant data of this section in
Table 4.
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Type of final restoration utilized in study

= Direct = Indirect = Direct & Indirect Full Coverage Crown
Figure 8.
Table 4. Failure Rate.
Authors Type of study Type of failure Results
Adson et al [56], Retrospective Failures included marginal Out of 50 indirect partial
2024 clinical stydy integrity (n=1) restorations with DME, the 6-
months survival rate was 98%.
Gozetici-Cil et al Retrospective  Failures included: partial ~Out of 80 indirect partial composite

[57], 2024

Aziz et al [58],
2024

Muscholl et al
[59], 2022

Bresser et al [50],

2019

Kuper et al [53],

2011

clinical study

Retrospective
clinical study

Retrospective
clinical study

Retrospective
clinical study

Retrospective
clinical study

loss (n=5), material chipping restorations with DME, the 3-year
(n=4), secondary caries (n=1) survival rate was 93.8%.
Failures included: secondary Out of 153 restorations with DME
caries (n=15), pulpal necrosis and CAD/CAM crowns, the 10-year
(n=4), crown fractures (n=4), survival rate was 95.8%, with no
loss of crown retention (n=3)  significant differences between
groups with or without DME.
No failures were recorded. Out of the 60 participants included,
Periodontal parameters
assessed included bleeding follow-up range of 2.70 + 1.90 years.
on probing, gingival
bleeding index, and plaque

no failures were recorded in a

control record.
Failures included: secondary  Out of the 197 restorations with
caries (n=5), pulpal necrosis DME included, 8 failures occurred
(n=1), severe periodontal between 46-57 months.
breakdown (n=1) and
fracture (n=1)

Failures included: secondary Out of 344 composite restorations
caries (n=44), fracture tooth with margins apical to the CE], 72
(n=6), fracture restoration failures were recorded, with no
(n=8), extraction (n=10), details provided on material

other/unknown (n=4) selection or layering technique.
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4. Discussion

4.1.  Material Selection for DME

Bonding to deep cervical margins presents significant clinical challenges, particularly when
margins extend below the cementoenamel junction (CEJ). While residual enamel allows reliable
bonding using total-etch techniques, adhesive protocols must be adapted when bonding to dentin or
cementum to avoid over-etching and compromised adhesion [28,30]. In these cases, self-etch
adhesives with selective enamel etching are recommended throughout the literature.

Early materials used for DME included glass-ionomer cements (GICs) and resin-modified glass-
ionomer cements (RMGICs), often employed via the "open sandwich technique.” Reddy et al. [35]
evaluated DME using GIC, GIC with hydroxyapatite, and flowable resin composites. While RMGICs
demonstrated lower microleakage due to their hydrophilic nature and fluoride release, they showed
greater marginal integrity loss and a significantly weaker bond with overlying bulk-fill resin
composites.

Recent studies have focused on flowable composites, highlighting the importance of material
viscosity. Allegra Baldi et al. [60] reported that high-viscosity flowable resins exhibited superior
marginal integrity compared to low-viscosity resins after cyclic loading. Flowable composites
improve adaptation but, due to their lower filler content, may display greater polymerization
shrinkage [61]. Limiting their thickness to 1-1.5 mm is therefore crucial, particularly when using the
"snowplow" technique, where flowable and regular composite layers are polymerized
simultaneously [62].

Preheated bulk-fill composites have also been proposed for DME, particularly for margins at or
below the CEJ [15]. Their improved adaptation, reduced viscosity, and enhanced mechanical
properties make them suitable for margin elevation. Frangois et al. [63] demonstrated that high-filled
flowable composites offer higher flexural strength and wear resistance compared to nanohybrids.

Regarding adhesive protocols, Roggendorf et al. [52] showed that applying three consecutive 1-
mm layers of composite before ceramic bonding achieved marginal quality comparable to direct
bonding to dentin. Furthermore, Cieplik et al. [51] reported similar performance between self-
adhesive and conventional bulk-fill composites, suggesting a simplified protocol for future DME
applications.

Polymerization shrinkage remains a critical factor influencing marginal stability. Lefever et al.
[64] showed that self-etch adhesives failed to achieve ideal adaptation to enamel margins, supporting
continued preference for fourth- and fifth-generation adhesives.

Dual-cure resin cements, despite offering handling convenience, provided unsatisfactory
marginal adaptation [52,64,65]. Thus, their use for DME must be approached cautiously.

Finally, the mechanical demands on cervical margins cannot be ignored. Wu et al. [66]
demonstrated that vertical forces concentrate on the cervical margin, especially where enamel height
is reduced. Oblique forces increase stress even further, particularly in maxillary premolars [67].
Materials with an elastic modulus close to dentin, such as high-filled flowables or RMGICs, can act
as stress absorbers, distributing occlusal forces more evenly and enhancing restoration longevity [68].

4.2.  Long-Term Performance of DME

Despite increasing clinical use, long-term data for DME restorations remain limited. Bresser et
al. [69] evaluated molars restored using bulk-fill composites, DME with lithium disilicate, and
subgingival lithium disilicate extensions. DME cases showed more favorable outcomes in terms of
repairability after fracture compared to subgingival ceramic extensions. In addition, material
selection and adhesive protocols play critical roles in long-term success [64]. Silorane-based
composites, due to their low polymerization shrinkage, have shown promising marginal adaptation.
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Ismail et al [36] also demonstrated that composite resins performed better than GIC-based materials
regarding marginal integrity after thermomechanical loading.

Concerning secondary caries, Kuper et al. [53] reported no significant increase in caries risk for
restorations extending below the CE]J. Bresser et al. [50] documented a 95.9% survival rate and a 2.5%
secondary caries rate for indirect restorations with prior DME over five years. Finally, regarding
fracture resistance, most studies support that DME does not compromise the strength of restorations
[54,55] and in some cases, fracture resistance may even be enhanced [55].

4.3.  Relationship Between DME and Periodontal Health

The biological response of periodontal tissues to DME remains a key concern. Ferrari et al. [25]
observed increased bleeding on probing (BoP) and plaque index scores in DME cases, particularly
when margins were placed less than 2 mm from the alveolar crest, violating the supracrestal tissue
attachment (STA). Conversely, Sarfati et al. [70] noted that although connective tissue reattachment
is not possible on resin surfaces, long epithelial adhesion can occur, provided plaque control is
maintained. Van Dijken et al. [71] also found that while periodontal health remained stable after one
year, gingival inflammation indicators increased slightly after 3-4 years, possibly due to early
material deficiencies. Bertoldi et al. [47] further demonstrated that resin-based subgingival
restorations may induce mild inflammation even in plaque-free environments, likely related to
residual monomer release. However, when the STA is respected and margins are carefully polished,
periodontal health can be preserved.

Therefore, for DME to remain biologically compatible, clinicians must ensure careful finishing
and polishing of the restoration, perfect marginal integrity, and strict maintenance of >2 mm distance
from the bone crest.

4.4.  Alternative Techniques for Managing Subgingival Cervical Margins

Two primary alternatives to DME are surgical crown lengthening (SCL) and orthodontic
extrusion (OE).

SCL involves apical repositioning of the STA through flap elevation. While effective, SCL carries
significant drawbacks, including esthetic compromise, risk of hypersensitivity, altered crown-to-root
ratio, and extended healing times [19]. Especially in the anterior region, SCL often necessitates more
complex interventions to maintain symmetry.

OE offers a less invasive alternative by repositioning the tooth coronally. Strong forces (>0.6 N)
achieve rapid extrusion without preserving the periodontal apparatus, while lighter forces (0.2-0.3
N) allow coordinated gingival and bone movement [72]. More aggressive surgical extrusion and
intentional replantation are additional options but carry risks like root resorption and periodontal
damage [73].

While both SCL and OE can manage deep margins, they are more invasive, costly, and time-
consuming compared to DME.

4.5 . Decision-Making and New Classifications

Recent classification systems help guide clinical decision-making. Veneziani [74] proposed a
three-grade system based on isolation feasibility and margin proximity to bone: Grade 1: Full
isolation possible; DME with flowable composite indicated, Grade 2: Isolation difficult; minimal
surgical exposure needed, Grade 3: STA violation present; requires crown lengthening.
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Ghezzi et al. [46] refined this system by correlating margin location with periodontal anatomy,
emphasizing that margins ideally reside within the junctional epithelium, not connective tissue, for
optimal outcomes.

4.6. . Clinical Considerations

DME is a technique-sensitive procedure requiring precise case selection and execution. Ideal
candidates must demonstrate excellent oral hygiene, as relocated margins are prone to plaque
accumulation. Poor plaque control can exacerbate inflammation, leading to secondary caries and
restoration failure [75]. Anatomical factors, such as thin biotypes and anterior esthetic demands, must
be carefully evaluated. Minor STA violations in anterior teeth can cause recession and esthetic
compromise [17]. Also, DME is well-suited for direct and indirect partial-coverage restorations but
contraindicated for full-coverage crowns, where margins must be placed on natural tooth structure
for mechanical durability [28].

Anatomical variations between the posterior and anterior regions influence the technique’s
predictability. The flatter bone architecture of posterior regions provides greater resilience to minor
epithelial attachment violations. In contrast, the scalloped anatomy of anterior regions makes them
more susceptible to gingival recession when the supracrestal attachment is violated. This risk is
highlighted in patients with a thin gingival biotype, where even minor disruptions can lead to
significant esthetic consequences. Currently, the long-term outcomes of DME in anterior teeth remain
unclear due to the limited availability of studies focused on this application. This knowledge gap
underscores the need for further research to evaluate the technique's predictability and safety in
esthetically demanding regions [17]. Finally, while DME offers a conservative, efficient solution for
deep margins, meticulous isolation, correct adhesive selection, careful finishing, and continuous
follow-up remain critical for long-term success.

4.7. Strengths and Limitations

This review offers a comprehensive and up-to-date synthesis of the available literature on Deep
Margin Elevation (DME), incorporating both in vitro and clinical studies to provide a holistic
understanding of adhesive protocols, material selection, mechanical behavior, periodontal outcomes,
and clinical decision-making. A key strength is the integration of recent evidence, including
publications through 2025, ensuring relevance to current practice. The review critically assesses the
biological and mechanical aspects of DME rather than merely summarizing findings, and it offers
practical clinical guidance by incorporating classifications and treatment algorithms. However,
several limitations must be acknowledged. The included studies exhibit substantial heterogeneity in
terms of design, methodology, and follow-up duration, which limits the generalizability of
conclusions. Long-term clinical data specific to DME restorations remain sparse, particularly
concerning indirect full-coverage restorations. Furthermore, inconsistencies among periodontal
health assessments and a potential publication bias toward positive outcomes must be considered
when interpreting the findings. Despite these limitations, this review provides a valuable, clinically
oriented resource that highlights both the promise and the current gaps in the evidence surrounding
Deep Margin Elevation.

5. Conclusions

The Deep Margin Elevation (DME) technique offers an effective, conservative solution for
managing subgingival proximal cervical margins, improving access, visibility, and long-term
restoration success. Composite resins remain the preferred material for margin relocation due to their
superior mechanical properties, while self-adhesive resin cements and glass ionomer cements are less
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favorable. Success with DME depends on excellent moisture control, proper emergence profile, and
meticulous removal of excess material to prevent plaque retention. Minor violations of the junctional
epithelium are generally tolerated, but extension into connective tissue must be avoided.

Treatment planning should be individualized, considering periodontal health, anatomical risks,
STA proximity, and patient compliance. Further large-scale, long-term clinical studies are essential
to refine protocols and validate outcomes. A thorough understanding of DME indications,
contraindications, and technique remains critical for achieving predictable, biologically sound
restorations.
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Abbreviations

The following abbreviations are used in this manuscript:

DME Deep Margin Elevation

STA Supracrestal Tissue Attachment
IDS Immediate Dentin Sealing
PTFE Polytetrafluoroethylene

GIC Glass Ionomer Cement

uTBS Micro Tensile Bond Strength
BoP Bleeding on Probing

PI Plaque Index

PPD Probing Pocket Depth

GI Gingival Index

SCL Surgical Crown Lengthening
RMGIC Resin Modified Glass Ionomer
OE Orthodontic Extrusion
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