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Abstract

Carious lesions with deep margins represent a chal­

lenge in daily clinical practice. The following key 

points are discussed in this article: how to manage a 

deep margin from a restorative point of view; when 

and how to perform a surgical procedure; and when 

it is favorable to carry out definitive restoration work 

after surgery. The restorative materials and adhesive 

procedures available today allow minimally invasive 

techniques to be used on dental tissue with a high 

preservation of tooth structure. These materials and 

techniques help to avoid adverse periodontal tissue 

reactions. Depending on the clinical situation, three 

treatment options are available when dealing with a 

subgingival margin. If the depth of the cavity margin is 

at a maximum distance of 1.5 mm below the gingival 

margin, isolation with rubber dam allows the perfor­

mance of interproximal margin relocation, thereby  

facilitating optimal restoration and periodontal tissue 

integration. If the margin is located deeper than 

1.5 mm below the gingival margin, surgery is neces­

sary before any restorative work can take place. When 

the margin is within 2  mm above the bone crest, a 

supracrestal tissue esthetic management (STEM) pro­

cedure is undertaken, which means that no ostec­

tomy is required and only osteoplasty is necessary 

to reshape the preexisting supracrestal attachment, 

thereby allowing the restorative work to proceed. 

When the margin is less than 2 mm above the bone 

crest, crown lengthening with minimal ostectomy and 

subsequent osteoplasty becomes necessary.

(Int J Esthet Dent 2022;17:2–5)
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carry out a combined surgical–restorative 

approach to lengthen the clinical crown. 

In this way, it will be possible to execute 

each single restorative phase under isola­

tion as well as the adhesive procedure and 

reconstruction of the deep cervical margin, 

while at the same time safeguarding the 

periodontal tissue. 

Owing to the development and avail­

ability of materials today and the deeper 

knowledge of the behavior of the peri­

odontal tissue, it is possible to treat com­

plex restorative cases with techniques that 

are minimally invasive from both a surgical 

and restorative point of view.

Supracrestal attachment system

According to the latest (2017) world work­

shop on the Classification of Periodontal and 

Peri-Implant Diseases and Conditions,9 the 

biologic width – a commonly used clinical 

term to describe the variable apicocoronal 

dimensions of the supracrestal attachment 

tissue – should be replaced by supracrestal 

tissue attachment. The supracrestal tissue 

attachment is histologically composed of 

the junctional epithelium and supracrestal 

connective tissue attachment, with tissue 

that extends from the bone crest to the gin­

gival margin. According to Schimdt et al,10 

these tissue dimensions may vary between 

individuals.

The junctional epithelium adheres to 

the root surface through the hemidesmo­

somes; however, its adhesion capacity is 

non-specific in that it allows the connection 

of the epithelium to any smooth and pol­

ished surface11 and has a variability range of 

1 to 9 mm.12

In healthy periodontium, the periodon­

tal probe penetrates the coronal part of the 

junctional epithelium, stopping at the most 

apical portion where the density and layers 

of epithelial cells are greater, and without 

penetrating the connective tissue.

Introduction

In day-to-day clinical practice, the clinician 

frequently encounters deep carious lesions 

with margins that invade the periodontal 

tissue.1 The correct choice of treatment 

plan is crucial to success in such cases; 

however, this choice is often difficult due 

to the scarcity of clinical protocols and the 

lack of consensus regarding the optimal 

method of restoration.2 In fact, such clinic­

al situations present a great challenge, and 

very often it is necessary to substitute pre­

vious restorations, with their incongruous 

margins and secondary carious lesions. 

Consequently, it is important to choose the 

right treatment plan to restore these cav­

ity margins perfectly and avoid tooth loss.3 

In such clinical situations, it is important to 

manage two different problems: one of a 

biologic nature and the other of a technical 

one. 

Biologic problems are linked to the risk 

of invading the periodontal tissue with the 

restoration work, while technical ones are 

concerned with the difficulty of managing 

very deep cavity margins located below 

the gingival margin, both from the point 

of view of perfect isolation and in terms 

of the adhesive procedure, reconstruction 

and, in the case of indirect work, impres­

sion taking and cementation. These critical 

issues are mainly related to the difficulty of 

obtaining perfect isolation to avoid poten­

tial contamination by saliva and crevicular 

fluid. In fact, isolation and accessibility of 

the cavity are key points in any restorative 

protocol. Among the different isolation op­

tions, many authors4-8 recommend the use 

of rubber dam to obtain perfect moisture 

control, especially when applying adhesive 

procedures, and even more so in the pres­

ence of deep margins, where the risk of 

contamination is higher.

When it is impossible to obtain perfect 

rubber dam isolation, it is necessary to 
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The supracrestal connective tissue 

attachment is made up of collagen fibers 

that connect solely to the root surface on 

one side and the connective tissue on the 

other. The dimensions of this tissue have an 

extremely narrow range of variability, from 

0.29 to 1.84 mm.12

It is widely recognized that the connec­

tive tissue attachment must be respected 

when performing restorative procedures, 

otherwise there may be an inflammatory 

response of the periodontium owing to a 

potential accumulation of microbial bio­

film on the subgingival restoration margin.13 

Clinically, this reaction leads to gingivitis or 

periodontitis, resulting in loss of attachment, 

periodontal pockets, bleeding, edema, and 

gingival recessions.14

A number of questions therefore arise. 

How does periodontal tissue behave in con­

tact with the material used for the recon­

struction of the deep cervical restoration? 

In light of current knowledge and available 

materials, how does one choose between 

margin relocation procedures and clinical 

crown lengthening surgery? What is the 

best surgical procedure?

Behavior of composite restoration 
materials in subgingival areas

There is relatively little scientific data avail­

able regarding the reaction of periodon­

tal tissue to different materials, and many 

studies that have been conducted discuss 

materials that are no longer in use. In the 

past, studies have shown a higher Plaque 

Index around margins reconstructed with 

composite materials as opposed to a healthy 

enamel surface as well as more pronounced 

gingival inflammation. There were no differ­

ences found between conventional, hybrid 

or microfilled composites.15

Recently, several experimental studies 

have shown no significant differences in 

terms of plaque accumulation between 

healthy enamel, glass ionomer, and com­

posite.16-19 Interestingly, most of the com­

posites used in these studies are no longer 

available, and the materials used today 

are undoubtedly superior in terms of their 

adhesion, polishability, and mechanical 

properties.

In a study by Martins et al20 conducted 

on dogs, a flap was raised. A cavity was 

then created that was restored with com­

posite and glass ionomer, upon which the 

flap was then sutured. A comparison was 

then undertaken with zero-cavity control 

cases. It is important to note that, in most 

of these samples, epithelium was formed 

along the entire restoration, and during 

healing the bone crest grew back in a 

coronal direction up to 0.37 mm from the 

apical margin of the restoration, thereby 

demonstrating evident biocompatibility 

of the composite resins that were used. 

These materials appear to have been tol­

erated in the subgingival area, given their 

good adaptation to the cavity walls, the 

careful finishing and polishing of the res­

torations before flap closure, and the 

attention paid to bacterial plaque control 

during the experiment.

In 2014, Comuzzi et al21 demonstrated 

similar results in humans. These authors 

treated a recession associated with a non-

carious cervical lesion with a compomer 

restoration, then a subsequent connective 

tissue graft (CTG) and a coronally advanced 

flap. Histologic examination after a block 

biopsy showed a long epithelial attachment 

on most of the restoration. The most api­

cal portion of the restoration was covered 

with parallel fibers of connective tissue, 

which suggested connective adhesion on 

the restorative material. These histologic 

results seem to confirm the conclusions of 

previous studies. 

In 2007, Santos et al16 performed coro­

nally advanced flaps on roots restored with 

glass ionomer or microfilled composite, 
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and on healthy roots in the control group. 

At 6  months, there was no difference 

regarding the pocket depth between the 

test and control groups. 

In 2009, Santamaria et al22 conduct­

ed a randomized controlled clinical trial 

and made the same comparison with a 

nanofilled composite on canines and pre­

molars, with a follow-up of 12 months. 

The results showed a comparable per­

centage of root coverage. The compos­

ite restorative group showed a slightly 

greater pocket depth than the CTG (alone) 

group, while all other periodontal param­

eters showed no significant difference. 

Likewise, similar results were obtained by 

Konradsson and van Dijken18 in a study in­

ducing experimental gingivitis in humans: 

concentrations of the inflammatory mark­

er Interleuken-1 were analyzed in crevicu­

lar fluid around composite or calcium 

aluminate cement restorations on Class V 

cavities, compared with healthy enamel. 

Again, no difference was noted between 

the two materials in healthy gums or un­

der experimental conditions of gingivitis. 

Therefore, even in the presence of gingi­

vitis, these materials do not appear to be a 

factor affecting increased crevicular fluid 

production or peripheral inflammation.

Consequently, in all situations in which 

very deep cervical margins might be re­

constructed, the interaction of the peri­

odontal tissue with the restorations could 

lead to another type of biologic width. In 

fact, compared with periodontal tissue on 

a healthy tooth, a longer junctional epithe­

lium on the restorative margin could be 

obtained as well as a smaller connective 

attachment on the root cement below the 

restoration margin.23

It should be emphasized that no true 

periodontal attachment can be obtained 

on the restorative material other than the 

junctional epithelium.

Restorative or surgical approach? 

The reconstruction of interproximal cavities 

on posterior teeth presents many clinical 

complexities, including limited access, the 

challenge of isolation, management of the 

adaptation of the material, and the difficul­

ty of obtaining an adequate interproximal 

morphology. All of these are risk factors for 

secondary carious lesions and the onset of 

periodontal problems.24 There are several 

treatment options in these situations: inter­

proximal margin relocation (IMR), surgical 

crown lengthening, orthodontic extrusion,25 

and surgical extrusion.26 These options must 

then be adapted to each clinical situation.

Orthodontic and surgical extrusion are 

used in those situations where a severe loss 

of cervical dental tissue has taken place 

around the tooth and a sufficient ferrule is 

necessary27 to ensure the longevity of the 

restoration in terms of fracture resistance.28

In clinical situations in which any margins 

to be reconstructed involve only the inter­

proximal area or limited areas of the tooth, 

the treatment options to be considered are 

either a restorative approach with margin re­

location, or a surgical approach that allows 

restorative work. In fact, the presence of an 

adequate amount of healthy residual dental 

structure allows a partial restoration, which 

is more conservative and advantageous in 

terms of biomechanical reinforcement of 

the tooth over time.2,29,30

Figure 1 shows a decision-making 

process to assist in the choice of procedure.

Interproximal margin relocation 
(IMR)

The objective in restoration is to obtain a 

correct emergence profile and contact 

point in every clinical situation, whereas 

surgical work aims at reestablishing the 

supracrestal attachment system, even 

more so in cavities with deep subgingival 
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margins.24 This is one of the key points to 

consider when choosing between an ex­

clusively restorative approach with margin 

relocation or a surgical approach, because 

the clinician needs to be able to apply all of 

the procedures to be discussed effective­

ly in order to allow accurate interproximal 

morphology.

Isolation is possible if the margin is locat­

ed at a maximum of 1.5 mm below the free 

gingival margin; therefore, in the junctional 

epithelium area (Fig 2). This consideration 

is merely technical/operative in nature; in 

fact, in the present authors’ experience, the 

correct isolation of the margin to be recon­

structed would be less reliable on a more 

apical margin.

When faced with carious lesions with 

deep margins (Figs 3 and 4), total rubber 

dam isolation (Fig 5) determines whether or 

not surgery should be performed before the 

restorative treatment, with the confidence 

Fig 1  Decision  

tree: How to choose 

the best approach.

Fig 2  Deep cervical 

margin in the 

junctional epithelium 

area, 1.5 mm below 

the gingival margin.
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that periodontal tissue health will not be 

undermined.31

Once it is completely certain that surgery 

is not necessary, the clinician may proceed 

with IMR. This technique, first described by 

Dietschi and Spreafico,32 is used for man­

aging cavities with deep cervical margins. It 

involves reconstructing the subgingival cav­

ity margins coronally, thereby making the 

restorative procedure easier. The procedure 

was first termed cervical margin reposition­

ing (CMR) and was subsequently renamed 

deep margin elevation (DME) by Magne and 

Spreafico.33  It involves rubber dam isolation 

and the positioning of a circular matrix on 

the deep cervical margin to reconstruct the 

cervical margin so as to reposition it juxta- 

or extragingivally.

Over the past two decades, this tech­

nique has been utilized and analyzed by a 

number of authors.23,34-38 Its main clinical 

aims are to facilitate adhesive restorations 

in difficult access areas, encompassing the 

benefits of immediate dentin sealing (IDS), 

and facilitate direct or indirect adhesive 

restorations of cavities with margins locat­

ed beneath the gingival tissue. A systematic 

review by Kielbassa and Philipp37 on prox­

imal box elevation showed that the DME 

technique was successful at maintaining 

clinically acceptable margins.

Another recent study39 demonstrated 

that CAD/CAM-cemented restorations on 

cementum margins, with large occlusogin­

gival ceramic inlay heights, were significant­

ly less resistant than cemented restorations 

on the composite relocated margins. This 

finding demonstrates a potential addition­

al benefit of IMR beneath ceramic indirect 

restorations, being that the coronal recon­

struction of the deep cervical margin with a 

direct composite reconstruction inherently 

shortens the occlusogingival height of the 

proximal portion of the indirect restoration. 

Moreover, in 2020, Grubbs et al40 showed 

that composite resin on deep margins has 

Fig 3  Two large carious lesions on teeth 14 and 15: occlusal view.

Fig 4  Radiograph showing the two large carious lesions on teeth 14 and 15, 

affecting the pulp tissue.

Fig 5  Deep margins isolated with rubber dam.
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the ability to absorb and transfer energy 

more effectively than ceramic, resulting in 

less stress at the tooth–restoration mar­

gins. In addition, the IMR technique allows 

the increase of the marginal adaptation of 

Class II restorations, reducing the incidence 

of secondary caries.41 

When deep margins have to be treated, 

perfect rubber dam isolation is crucial (see 

Fig 5), thereby allowing the treatment plan 

to be confirmed, and exclusively restorative 

therapy to proceed without the need for 

any surgical intervention. 

In order to facilitate subsequent work 

(impressions and isolation for cementing) 

and to better manage the deep margins 

from an adhesive, restorative, and finishing 

point of view, the most coronal cavity mar­

gin is relocated to a juxta- or extragingival 

position. This involves the use of a circular 

matrix (Omni-Matrix; Ultradent) that iso­

lates the cervical margin without using an 

interdental wedge (Fig 6). It should be taken 

into account that, in these situations, the 

positioning of an interdental wedge would 

be very difficult if not impossible, given the 

position of the margins and the interdental 

space, and would create the risk of an in­

congruous emergence profile morphology. 

Also important and fundamental is the cor­

rect choice of adhesive protocol: either an 

etch-and-rinse or a self-etch adhesive sys­

tem, of which an etch-and-rinse three-step 

adhesion system is to be preferred, thereby 

allowing highly beneficial and preferable IDS 

after the cavity preparation, as described by 

numerous authors.32,33,36,42,43 However, when 

the enamel is thin, selective enamel etch­

ing is difficult to achieve without the risk 

of inadvertently over-etching the adjacent 

dentin;44,45 a suggested clinical ‘compro­

mise’ is to condition such thin enamel, to­

gether with the dentinal tissue, for no more 

than 15  s. Alternatively, a two-component 

self-etch system can be used without prior 

selective enamel acid etching.46

a b

Fig 6 A  circular matrix adheres closely around the cervical margins of tooth 15 (a) and 14 (b) without the use of an interdental wedge so as 

to relocate the margins with a direct reconstruction by applying flowable composite. The buildup is completed with packable composite.
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Which composite materials should be 
chosen?

In 2020, Julosky et al47 and Grubbs et al40 

showed that both flowable and tradition­

al packable restorative composites could 

be selected for the IMR technique. An­

other study examining the performance 

of flowable and conventional packable 

composite reported no significant differ­

ence between the two different viscosity 

composites in terms of microleakage.48 

The use of flowable composite resins has 

been advocated to improve the marginal 

adaptation of IMR restorations (with de­

creased microleakage and fewer gaps).49,50  

Therefore, highly filled flowable compo­

sites are recommended in IMR proced­

ures owing to their consistency and ease 

of use.36,51 

Following the present authors’ proto­

col, the relocation of the cervical margins 

to a supragingival level is carried out with a 

direct reconstruction by applying a 1.5-mm 

layer of flowable composite material. The 

thickness of the composite is limited to the 

minimum needed to position the prepar­

ation supragingivally (usually about 1.5 mm), 

to control polymerization stresses and opti­

mize marginal adaptations while creating an 

ideal restoration emergence profile. Imme­

diately thereafter, the buildup can be com­

pleted with packable composite layered at 

2 mm. Analyzing the residual dental struc­

ture, it is important to create an optimal 

preparation design52 (Figs 7 and 8) so as to 

strengthen the tooth from a biomechanical 

point of view.

Relocation offers a number of advan­

tages, including allowing accurate impres­

sion taking (Fig 9) to easily achieve isolation 

for the cementation (Fig 10) and for the 

possibility of checking the accuracy of the 

margin, as well as finishing and polishing, all 

of which are essential for periodontal health 

(Figs 11 and 12). 

From a periodontal perspective, sub­

gingival restorations are demonstrably 

compatible with gingival health, provided 

that the biologic width has been respected, 

along with rigorous follow-up care (Figs 13 

and 14). In particular, in 2020, Bertoldi et al31 

carried out a clinical and histologic study on 

29 patients, each of whom had a tooth that 

needed subgingival restoration. A margin 

relocation procedure with composite resin 

was applied. The full-mouth plaque score, 

full-mouth bleeding score, and periodontal 

probing depth were measured at baseline, 

immediately before margin relocation, and 

after 3 months. At 3 months, the tip of the 

periodontal probe stopped at a more coronal 

point than the most apical margin of the re­

construction, thus suggesting the formation 

of an epithelial junction on the restorative 

margin, together with an improvement in 

the periodontal indices, thereby leading to 

the conclusion that subgingival restorations 

were more compatible with gingival health 

and presented periodontal conditions simi­

lar to those of untreated root surfaces. The 

authors of that study31 emphasize the abso­

lute necessity of rubber dam isolation when 

performing this restorative procedure.

Supracrestal tissue esthetic 
management (STEM) technique

In restorative treatments of deep cervical 

margins located close to the connective 

attachment area (Fig 15) in which correct 

rubber dam isolation cannot be achieved, 

a surgical approach that allows restoration 

of the tooth is necessary (Figs 16 and 17). 

In fact, the positioning of a restorative mar­

gin in the area of the junctional epithelium 

will allow the latter to adhere, as previously 

mentioned, to the perfectly polished and 

finished composite and ceramic restorative 

materials. Accordingly, it is to be deduced 

that the only area that must not be compro­

mised is that of the connective attachment, 
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Fig 7  Preparations are finished and polished to provide an ideal 

taper.

Fig 8  Interproximal margin relocation and final preparation on 

tooth 14 and 15: buccal view.

Fig 9  Final polyether impression. Fig 10 O verlay cementation with heated composite.

Fig 11  Indirect restoration immediately after cementation: occlusal 

view.

Fig 12  Radiograph after 2 years.
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which is specific and can only connect to 

the root cement. 

When a restoration invades the connec­

tive attachment space, an inflammatory 

reaction occurs involving the production of 

prostaglandins and inflammatory cytokines, 

the activation of osteoclasts that reabsorb 

the bone, and the release of free cement 

for the formation of fibers that are insert­

ed more apically; hence, the apical migra­

tion of the entire supracrestal attachment 

apparatus.13,53,54 The inflammatory reaction 

occupies an area of about 1.5 mm in diam­

eter.55 If the thickness of the bone is less 

than  1.5 mm, an even horizontal bone re­

absorption will be expected; however, if it 

is more than 1.5  mm, resorption will only 

occur for that width (1.5 mm) and, conse­

quently, a pocket with a vertical defect will 

be formed.56 

In all these clinical situations, a crown 

lengthening procedure is used to access the 

subgingival cavities so as to expose the mar­

gins, reconstruct them correctly, and avoid 

compromising the periodontal tissue.57 In 

a traditional surgical approach, ostectomy 

necessarily entailed compromising adjacent 

alveolar bone58 and provoking problems 

with esthetics and root hypersensitivity after 

healing.59 

Following the aforementioned biologic 

considerations, a more conservative ap­

proach is presented here, which allows the 

clinician to carry out restorative work, main­

tain periodontal health, and, simultaneously, 

ensure an excellent esthetic result, with the 

objective of not modifying the soft tissue  

level after healing. In this way, the forma­

tion of interproximal black triangles may 

be avoided, which compromise esthetics, 

promote food impaction, and make oral 

hygiene procedures more difficult. This ap­

proach, called supracrestal tissue esthetic 

management (STEM), aims at thinning the 

bone and soft tissue to achieve a spontan­

eous clinical crown lengthening without 

Fig 13  Two-year follow-up: occlusal view.

a

b

Fig 14  Vestibular view at baseline (a) and after 2 years (b). After 2 years, good 

stability can be seen as well as good integration between the periodontal tissue 

and the restoration, with the development of the interproximal papilla, in 

comparison with baseline.
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ostectomy in the posterior interproximal 

area,60 providing ideal conditions for peri­

odontal tissue healing in such a way as to 

reestablish a healthy connective space and 

gingival margin stability. For the STEM tech­

nique, the presence of at least 2 mm is re­

quired between the clean cavity margin and 

the bone crest. In fact, the reduced bone 

and soft tissue thickness are determin­

ing factors in crown lengthening, avoiding 

pocket formation. Therefore, Zucchelli et 

Fig 15  Deep cervical margin more than 1.5 mm below 

the gingival margin.

Fig 16  Deep carious lesions on teeth 15 and 17, invading both the endodontic 

and periodontal space.

Fig 17  Radiograph showing the deep carious lesions on teeth 15 and 17.

al60 consider that the most significant sur­

gical steps in this procedure are split thick­

ness surgical papilla elevation, thinning of 

the palatal flap, and osteoplasty (reduction 

of the buccolingual dimension of the bone), 

together with root planing up to the bone 

crest and apical positioning of the flap in 

order to obtain clinical crown lengthening 

even without surgical ostectomy. Conse­

quently, invasive ostectomy is avoided and 

osteoplasty is performed in all cases to thin 
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the vestibular and lingual sides of the inter­

proximal bone crest in the area in question. 

In this way, unnecessary loss of attachment62 

is avoided, thereby leaving the possible re­

absorption of the most coronal portion of 

the bone crest to the natural biologic heal­

ing process in terms of the reestablishment 

of the connective attachment.

STEM technique: surgical procedure

The surgical technique to be described con­

cerns the treatment of interproximal carious 

lesions in the posterior area.

Vestibular flap: The vestibular flap 

(Figs  18 and 19), without vertical releasing 

incisions, requires a vestibular incision of 

the flap extending from the mesial to the 

distal tooth areas. The incision is intrasul­

cular on adjacent teeth and paramarginal 

in the interproximal space. It should be 

stressed that this procedure depends on the 

presence of an adequate level of keratinized 

tissue (approximately 4  mm). The intrasul­

cular incision continues in a split-thickness 

flap elevation at the interdental papilla of the 

adjacent tooth, leaving the connective tis­

sue of the entire papilla in place to avoid fu­

ture gingival alteration. The flap is elevated 

Fig 18  Vestibular flap. Fig 19  Vestibular flap: clinical image.

full thickness in the more apical area to ac­

cess the bone crest without affecting the 

mucogingival line. 

Palatal flap: A thinned palatine flap is 

carried out. A paramarginal incision (Fig 20) 

of the same extent as the vestibular flap is 

performed with a mesial vertical releasing 

incision. A split-thickness flap elevation is 

performed with the blade parallel to the 

bone plane extending approximately 5 mm 

apically to thin the palatine fibro mucosa 

(Fig 21). A third incision with the blade per­

pendicular to the bone plane allows an 

apical incision of the thinned fibro muco­

sa (Fig 22). Finally, an intrasulcular incision 

allows the extraction of the tissue wedge 

(Figs 23 to 25). 

Mandibular lingual flap: This requires 

a lingual incision of the flap extending 

from the mesial to the distal tooth areas. 

The incision is intrasulcular on adjacent 

teeth and paramarginal in the interproximal 

space affected by the carious lesion; it is a 

full-thickness flap without vertical incisions.

Measuring the distance between the 

cavity margin and the bone crest: After re­

moving the carious lesions, the interproxi­

mal soft tissue at the cavity level is removed 

to expose the margin and bone crest. The 
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Fig 20  Thinned palatine flap: first paramarginal incision. Fig 21  Thinned palatine flap: second incision with the blade parallel 

to the bone plane to thin the palatal fibro mucosa.

Fig 22  Thinned palatine flap: third apical incision with the blade 

perpendicular to the bone plane.

Fig 23  Thinned palatine flap: fourth intrasulcular incision.

Fig 24  Thinned palatine flap: palatal tissue wedge removal. Fig 25  Thinned palatine flap: palatal tissue wedge removal, section 

view.
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Fig 26  Distance between the clean cavity margin and the bone crest is 

measured, leaving 2 mm.

Fig 27 A fter carious lesion removal, the distance between the clean cavity 

margin and the bone crest is measured: clinical view.

Fig 28  Palatal and vestibular osteoplasty.

distance between the cleaned cavity mar­

gin and the bone crest is measured. If the 

distance is 2 mm, osteoplasty is performed 

without ostectomy (STEM); if it is less 

than 2 mm, an interproximal ostectomy is 

performed to ensure 2  mm between the 

cavity margin and the bone (STEM-Modified) 

(Figs 26 and 27).

Palatal/lingual and vestibular osteo-

plasty: The osteoplasty on both the vesti­

bular and palatal sides is limited to the 

interproximal space being worked on with a 

round diamond bur; this allows the blending 

of the interdental bone to the buccal and 

palatal side, reducing its thickness (Figs 28 

and 29).

Root planing: The root is smoothed api­

cally to the cavity margin to ensure the re­

moval of preexisting connective attachment 

fibers and to avoid excessive tissue regrowth 

in the area (Figs 30 and 31). 

Vertical mattress sutures: The flap is 

sutured with vertical mattress sutures (mono­

filament 6–0) to achieve optimal adaptation 

of the flap (Figs 32 to 34).

When should restorative treatment be 
performed?

The best time for restorative treatment is 

immediately after surgery.60 Although suc­

cessful techniques suggesting an open-flap 

restoration are described in the literature,61 

performing the restoration immediately 

after suturing, in the posterior sector, allows 

greater control over bleeding and contami­

nation in the area to be reconstructed. In 

addition, rubber dam isolation is easier to 

achieve when the tissue is repositioned 

by a compressive suture. If this is not pos­

sible, the restoration should be completed 

within 2 weeks, at the most, to avoid tissue 

regrowth due to healing. This allows rubber 

dam positioning to isolate the exposed mar­

gin (Figs 35 and 36) and to perform the re­

storative treatment (Figs 37 to 39).
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Fig 29  Palatal and 

vestibular osteoplasty: 

clinical view.

Fig 30  Root planing.

Fig 31  Root planing on tooth 15: clinical view.

The approach described in this article 

allows a perfect reconstruction of the tooth 

while respecting the periodontal tissue 

(Figs 40 to 42).

Discussion

The developments in adhesive techniques 

in dentistry have resulted in progress and 

changes and have also allowed a reduction 

in the level of invasiveness of restorative 

treatments. From both a mechanical and 

functional point of view, adhesive proto­

cols minimize dental preparation, thereby 

allowing greater conservation of healthy 

dental tissue and the optimal integration 

of restorative reconstruction. From a bio­

logic point of view, it has been demonstrat­

ed that adhesive materials perform better 

than those used in the past in subgingival 

restorations.19

A number of histologic studies on animal 

and human models have shown a good level 

of biocompatibility between composite ma­

terials and periodontal tissue;63 in particular, 

the adhesion of junctional epithelium on 

composites positioned in subgingival are­

as has been demonstrated.20,21,31 When it is 

necessary to treat deep carious lesions, and 

rubber dam isolation is not possible, it is es­

sential to perform a combined surgical–re­

storative treatment that allows the margin 

in question to be exposed and isolated. 

The surgical approach proposed to resolve 

such cases is based on the knowledge of 

periodontal tissue and the analysis of its be­

havior. According to the above-mentioned 

histologic studies, it seems possible for the 

epithelial component of the supracrestal 

attachment to adhere with a well-finished 

and polished restorative margin. 

The connective attachment is the com­

ponent that must not be violated. Individual 

variability exists in the size of the various 

components of the supracrestal attach­

ment; however, the connective attachment, 
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varying between 0.29 and 1.84 mm,12 is the 

most consistent measurement among the 

supracrestal tissue components. 

Similar results were obtained from 

another histologic study that confirms the 

variability of the connective attachment 

in a range between 0.76 to 1.60  mm.64 

Therefore, it is absolutely safe to place a 

restoration within 2 mm above the bone 

crest.

Taking these considerations into account, 

the STEM technique aims at ensuring 2 mm 

between the clean cavity margin and the 

bone crest to allow for the restoration and 

give sufficient space for the connective at­

tachment. This surgical protocol is used with 

deep interproximal carious lesions when the 

cavity margin is more than 2 mm above the 

bone crest. It also allows the modification 

of the bone crest while maintaining an  

ideal anatomical morphology, leaving a 

space of 2 mm between the desired restor­

ation margin and the bone, alongside the 

renewal of the supracrestal connective 

attachment. 

The present authors’ clinical experience 

shows that, at the time of surgery, there is 

almost always at least 2 mm between the 

clean cavity margin and the bone crest. This 

space is sufficient to avoid the connective 

tissue, thereby making it possible to isolate 

the cavity immediately after suturing at the 

bone crest. In fact, in the case of subgingi­

val caries, bacterial invasion always causes 

an apical displacement of the entire supra­

crestal attachment system because the bio­

logic response aims to maintain a constant 

space between the bacterial infection and 

the crestal margin, with a mechanism simi­

lar to that in periodontal disease. For this 

reason, an ostectomy is seldom necessary. 

If the distance between the cavity mar­

gin and the bone is less than 2 mm, the 

STEM-Modified technique is used. This 

differs from classic crown lengthening in 

that it requires a minimal ostectomy in 

Fig 32  Vertical mattress suture.

Fig 33  Vertical mattress sutures: palatal view.

Fig 34  Vertical mattress sutures: vestibular view.
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Fig 35  Two weeks after surgery, the cavity margins are perfectly 

isolated with rubber dam.

Fig 36  The circular matrix in position on tooth 25 in order to 

relocate the margin and complete the buildup. 

addition to the STEM technique in order 

to reach 2 mm without the need for bone 

remodeling on the adjacent sides. 

In cases where the cavity margin to be 

restored is at bone level or even below bone 

level, as is the case with dental fractures, the 

correct procedure to adopt is classic crown 

lengthening, with ostectomy and remode­

ling of the supporting tissue of the adjacent 

teeth (Table 1).

Therefore, the STEM and STEM-Mod­

ified techniques differ from the crown 

lengthening technique used in the past 

because the former does not sacrifice 

the tooth-supporting tissue and the latter 

reduces this tissue to a minimum. Moreover, 

these techniques aim at remodeling the ex­

isting supracrestal attachment system, with 

the goal of creating a restoration that en­

sures both effective tooth reconstruction 

and healthy periodontal tissue in the long 

term. 

Therefore, it is not a real lengthening of 

the clinical crown but rather a technique 
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Fig 41 O ne-year follow-up radiograph. Fig 42 O ne year after cementation: good integration between  

the restoration margins and the periodontal tissue, with physiologic 

probing depth and no gingival inflammation.

Fig 37  Tooth preparation for the indirect restoration. Fig 38  Cementation with heated composite.

Fig 40  Clinical situation 1 year after treatment: vestibular view. The 

rehabilitation will be completed with orthodontics and implants. 

Fig 39  Clinical situation 1 year after treatment: occlusal view.
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that allows the surgical management of 

the supracrestal tissue, aimed at the exe­

cution of the restoration. There is, in fact, 

no desire to lengthen the clinical crown; 

rather, the aim is to achieve, at the end of 

the healing process, a level of soft tissue as 

similar as possible to baseline, thus main­

taining esthetics and allowing the patient 

to perform proper oral hygiene.

It is essential to finalize the restorative 

treatment immediately after the surgery, or 

after 2 weeks at the most, when a stable 

connective attachment has formed, yet 

before the development of supracrestal 

tissue (allowing for the benefits of apical 

tissue position) in order to anticipate the 

possible coronal regrowth of the soft tissue. 

In addition, a definitive restoration allows  

a well-polished and finished restorative 

margin on which tissue heals best. 

Nevertheless, it is important to empha­

size that long-term success is also, and 

inevitably, linked to patient compliance 

and appropriate oral hygiene in terms of 

the interproximal spaces. In order to safe­

guard the results obtained, the patient must 

be informed by the clinician about good 

oral hygiene practices and be included in 

a personalized dental hygiene and mainte­

nance program.65

Conclusion

As evidenced by the scientific research, it is 

possible to place a restorative margin within 

the junctional epithelium without creating 

adverse periodontal reactions. Therefore, 

the answers to the initial questions posed 

in this article – the approach to restorative 

deep margin management, when and how 

to carry out surgical procedures, and the 

timing of definitive restoration work after 

surgery – are to be found in the protocols 

for carious lesion management as follows:
	■ If the cavity margin, positioned 1.5 mm 

below the gingival margin, can be isolat­

ed, a restorative approach with margin 

relocation is recommended; an epithe­

lial junction will form on the restorative 

margin.
	■ If the cavity margin, positioned more 

than 1.5 mm below the gingival margin, 

cannot be isolated immediately, an ini­

tial surgical approach will be necessary, 

followed by isolation and subsequent 

restoration.

Table 1  Suggested procedure with reference to the position of the cavity margin

Cavity margin Rubber dam 
isolation

Surgery Technique used

Up to 1.5 mm subgingivally Yes No Interproximal margin relocation

More than 1.5 mm subgingivally and 
2 mm or more above the bone crest

No Yes STEM (osteoplasty)

More than 1.5 mm subgingivally and 
less than 2 mm above the bone crest

No Yes
STEM-Modified (osteoplasty + 
minimal ostectomy)

At or below bone level No Yes Crown lengthening with ostectomy 
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The surgical approach differs depending on 

the clinical situation:
	■ A cavity margin within 2 mm above the 

bone crest: A STEM procedure may be 

performed, with no ostectomy and only 

osteoplasty.
	■ A cavity margin less than  2 mm above 

the bone crest: A STEM-Modified pro­

cedure with minimal ostectomy may be 

performed to reach 2 mm, followed by 

osteoplasty.
	■ A cavity margin at or below bone level: 

A classic crown lengthening proced­

ure may be performed, with necessary 

ostectomy.

After the STEM or STEM-Modified proce­

dures, the best time to carry out definitive 

restoration work is immediately after surgery.

Acknowledgments 

Special thanks are offered to Leonardo Colella 

and Francesco De Giovanni, dental techni­

cians, for their assistance and contributions 

to the writing of this article: Leonardo Colel­

la for his work with the restorations cited in 

this article, and Francesco De Giovanni for 

his guidance. The authors also thank Dr An­

tonio Ferenderes for his help with the scien­

tific literature and sources.

Disclaimer

The authors confirm that they have no 

proprietary, financial, or other personal 

interest of any nature in any product, ser­

vice, and/or company mentioned in this 

article. 

References

1.  Frencken JE, Sharma P, Stenhouse L, 

Green D, Laverty D, Dietrich T. Global 

epidemiology of dental caries and severe 

periodontitis – a comprehensive review. 

J Clin Periodontol 2017;44(suppl 18): 

S94–S105.

2.  Vagropoulou GI, Klifopoulou GL, 

Vlahou SG, Hirayama H, Michalakis K. 

Complications and survival rates of 

inlays and onlays vs complete coverage 

restorations: a systematic review and 

analysis of studies. J Oral Rehabil 2018;45: 

903–920.

3.  Montandon A, Zuza E, Toledo BE. 

Prevalence and reasons for tooth loss in  

a sample from a dental clinic in Brazil.  

Int J Dent 2012;2012:719750.

4.  Plasmans PJ, Creugers NH, Hermsen RJ, 

Vrijhoef MM. Intraoral humidity during 

operative procedures. J Dent 1994;22:89–91.

5.  Peumans M, Politano G, Van Meerbeek B. 

Effective protocol for daily high-quality 

direct posterior composite restorations. 

Cavity preparation and design. J Adhes Dent 

2020;22:581–596.

6.  Heintze SD, Rouson V. Clinical 

effectiveness of direct class II restorations – 

a meta-analysis. J Adhes Dent 2012;14: 

407–431.

7.  Brenner F (ed). Odontoiatria restaurativa. 

Procedure di trattamento e prospettive 

future. Ile de France: Elsevier Masson, 2016.

8.  Various authors. Odontoiatria restaurativa 

estetica. Quintessence Publishing, 2021.

9.  Jepsen S, Caton JG, Albandar JM, et al.  

Periodontal manifestations of systemic 

diseases and developmental and  

acquired conditions: Consensus report  

of workgroup 3 of the 2017 World  

Workshop on the Classification of  

Periodontal and Peri-Implant Diseases  

and Conditions. J Periodontol 2018; 

89(suppl 1):S237–S248.

10.  Schmidt JC, Sahrmann P, Weiger R, 

Schmidlin PR, Walter C. Biologic width 

dimensions – a systematic review. J Clin 

Periodontol 2013;40:493–504.

11.  Listgarten MA. Electron microscopic 

study of the gingivo-dental junction of man. 

Am J Anat 1966;119:147–177. 

12.  Vacek JS, Gher ME, Assad DA, 

Richardson AC, Giambarresi LI. The 

dimensions of the human dentogingival 

junction. Int J Periodontics Restorative Dent 

1994;14:115–165.

13.  Ercoli C, Caton JG. Dental prostheses 

and tooth-related factors. J Clin Periodontol 

2018;45(suppl 20):S207–S218.

14.  Padbury A Jr, Eber R, Wang HL. 

Interactions between the gingiva and the 

margin of restorations. J Clin Periodontol 

2003;30:379–385.

15.  van Dijken JW, Sjöström S, Wing K. 

The effect of different types of composite 

resin fillings on marginal gingiva. J Clin 

Periodontol 1987;14:185–189.

16.  Santos VR, Lucchesi JA, Cortelli SC, 

Amaral CM, Feres M, Duarte PM. Effects of 

glass ionomer and microfilled composite 

subgingival restorations on periodontal 

tissue and subgingival biofilm: a 6-month 

evaluation. J Periodontol 2007;78: 

1522–1528.

17.  Lucchesi JA, Santos, VR, Amaral CM, 

Peruzzo DC, Duarte PM. Coronal positioned 



Romano et al

183The International Journal of Esthetic Dentistry | Volume 17 | Number 2 | Summer 2022  |

flap for treatment of restored root surfaces: 

a 6-month clinical evaluation. J Periodontol 

2007;78:615–623. 

18.  Konradsson K, van Dijken JW. 

Interleukin-1 levels in gingival crevicular  

fluid adjacent to restorations of calcium 

aluminate cement and resin composite. 

J Clin Periodontol 2005;32:462–466. 

19.  Ababnaeh KT, Al-Omari M, Alawneh TN. 

The effect of dental restoration type and 

material on periodontal health. Oral Health 

Prev Dent 2011;9:395–403.

20.  Martins TM, Bosco AF, Nóbrega FJ, 

Nagata MJ, Garcia VG, Fucini SE. 

Periodontal tissue response to coverage  

of root cavities restored with resin materials: 

a histomorphometric study in dogs. 

 J Periodontol 2007;78:1075–1082.

21.  Comuzzi L, Mazzocco F, Stefani R, 

et al. Human histologic evaluation of 

root coverage obtained with connective 

tissue graft over a compomer restoration. 

Int J Prosthodontics Restorative Dent 

2014;34:39–45.

22.  Santamaria MP, Ambrosano GM, 

Casati MZ, Nociti Júnior FH, Sallum AW, 

Sallum EA. Connective tissue graft plus 

resin-modified glass ionomer restoration 

for the treatment of gingival recession 

associated with non-carious cervical lesion: 

a randomized-controlled clinical trial. J Clin 

Periodontol 2009;36:791–798.

23.  Sarfati A, Tirlet G. Deep margin 

elevation versus crown lengthening: 

biologic width revisited. Int J Esthet Dent 

2018;13:334–356.

24.  Yotnuengnit B, Yotnuengnit P, 

Laohapand P, Athipanyakom S. Emergence 

angles in natural anterior teeth: influence 

on periodontal status. Quintessence Int 

2008;39:e126–e133.

25.  Ingber JS. Forced eruption: part II.  

A method of treating nonrestorable teeth – 

periodontal and restorative considerations.  

J Periodontol 1976;47:203–216.

26.  Becciani R, Faganello D, Fradeani M. 

Surgical extrusion: a simplified esthetic 

method of treating non-restorable teeth. 

Rationale and case report. Int J Esthet Dent 

2018;13:240–273.

27.  Skupien JA, Luz MS, Pereira-Cenci T. 

Ferrule effect: a meta-analysis. JDR Clin 

Trans Res 2016;1:31–39.

28.  Meng Q, Ma Q, Wang T, Chen Y. An  

in vitro study evaluating the effect of 

ferrule design on the fracture resistance 

of endodontically treated mandibular 

premolars after simulated crown 

lengthening or forced eruption methods. 

BMC Oral Health 2018;18:83.

29.  Carvalho MA, Lazari PC, Gresnigt M,  

Del Bel Cury AA, Magne P. Current options 

concerning the endodontically-treated teeth 

restoration with the adhesive approach. 

Braz Oral Res 2018;32(suppl 1):e74.

30.  Suksaphar W, Banomyong D, 

Jirathanyanatt T, Ngoenwiwatkul Y. Survival 

rates against fracture of endodontically  

treated posterior teeth restored with 

full-coverage crowns or resin composite 

restorations: a systematic review. Restor 

Dent Endod 2017;42:157–167.

31.  Bertoldi C, Monari E, Cortellini P, et al.  

Clinical and histological reaction of 

periodontal tissues to subgingival resin 

composite restorations. Clin Oral Investig 

2020;24:1001–1011. 

32.  Dietschi D, Spreafico R. Current clinical 

concepts for adhesive cementation of 

tooth-colored posterior restorations. Pract 

Periodontics Aesthet Dent 1998;10:47–54.

33.  Magne P, Spreafico RC. Deep margin 

elevation: a paradigm shift. Am J Esthet 

Dent 2012;2:86–96.

34.  Veneziani M. Adhesive restorations 

in the posterior area with subgingival 

cervical margins: new classification and 

differentiated treatment approach. Eur 

J Esthet Dent 2010;5:50–76.

35.  Juloski J, Köken S, Ferrari M. Cervical 

margin relocation in indirect adhesive 

restorations: a literature review.  

J. Prosthodont Res 2018;62:273–280.

36.  Rocca GT, Rizcalla N, Krejci I, 

Dietschi D. Evidence-based concepts and 

procedures for bonded inlays and onlays. 

Part II. Guidelines for cavity preparation and 

restoration fabrication. Int J Esthet Dent 

2015;10:392–413.

37.  Kielbassa AM, Philipp F. Restoring 

proximal cavities of molars using the 

proximal box elevation technique: 

systematic review and report of a case. 

Quintessence Int 2015;46:751–764.

38.  Ghezzi C, Brambilla G, Conti A, 

Dosoli R, Ceroni F, Ferrantino L. Cervical 

margin relocation: case series and new 

classification system. Int J Esthet Dent 2019; 

14:272–284.

39.  Vertolli TJ, Martinsen BD, Hanson CM, 

Howard RS, Kooistra S, Ye L. Effect of deep 

margin elevation on CAD/CAM-fabricated 

ceramic inlays. Oper Dent 2020;45:608–617.

40.  Grubbs TD, Vargas M, Kolker J, 

Teixera EC. Efficacy of direct restorative 

materials in proximal box elevation on  

the margin quality and fracture resistance 

of molars restored with CAD/CAM onlays. 

Oper Dent 2020;45:52–61.

41.  Shafiei F, Akbarian S. Microleakage of 

nanofilled resin-modified glass-ionomer/

silorane- or methacrylate-based composite 

sandwich Class II restoration: effect of 

simultaneous bonding. Oper Dent 2014; 39: 

E22–E30.

42.  Dietschi D, Herzfeld D. In vitro 

evaluation of marginal and internal 

adaptation of class II resin composite 

restorations after thermal and occlusal 

stressing. Eur J Oral Sci 1998;106:1033–1042.

43.  Magne P. Immediate dentin sealing: 

a fundamental procedure for indirect 

bonded restorations. J Esthet Restor Dent 

2005;17:144–154. 

44.  Tjäderhane L, Nascimento FD, 

Breschi L, et al. Strategies to prevent 

hydrolytic degradation of the hybrid layer – 

a review. Dent Mater 2013;29:99–1011.

45.  Kielbassa AM, Meyer-Lueckel H, Lussi A. 

Proximal caries: diagnosis and treatment 

decision. In: Heidemann D (ed). Deutscher 

Zahnärzte Kalender 2003. Köln: Deutscher 

Zahnärzteverlag, 2003;62:37–58.

46.  Tyndall DA, Rathore S. Cone-beam CT 

diagnostic applications: caries, periodontal 

bone assessment, and endodontic 

applications. Dent Clin North Am 2008;52: 

825–841.

47.  Julosky J, Köken S, Ferrari M. No 

correlation between two methodological  

approaches applied to evaluate cervical  

margin relocation. Dent Mater J 2020;39: 

624–632.

48.  Köken S, Juloski J, Sorrentino R, 

Grandini S, Ferrari M. Marginal sealing of  

relocated cervical margins of mesio-occluso-

distal overlays. J Oral Sci 2018;60:460–468. 

49.  Güray Efes B, Yaman BC, Gümüştaş B, 

Tıryakı M. The effects of glass ionomer and 



Clinical Research

184 |  The International Journal of Esthetic Dentistry | Volume 17 | Number 2 | Summer 2022

flowable composite liners on the fracture 

resistance of open-sandwich class II 

restorations. Dent Mater J 2013;32:877–882.

50.  Fabianelli A, Sgarra A, Goracci C, 

Cantoro A, Pollington S, Ferrari M. 

Microleakage in class II restorations: open  

vs closed centripetal build-up technique. 

Oper Dent 2010;35:308–313.

51.  Dietschi D, Spreafico R. Evidence- 

based concepts and procedures for bonded 

inlays and onlays. Part I. Historical  

perspectives and clinical rationale for a 

biosubstitutive approach. Int J Esthet Dent 

2015;10:210–227.

52.  Ferraris F. Posterior indirect adhesive 

restorations (PIAR): preparation designs and 

adhesthetics clinical protocol. Int J Esthet 

Dent 2017;12:482–502.

53.  Kinane DF. Causation and pathogenesis 

of periodontal disease. Periodontol 2000 

2001;25:8–20.

54.  Kornman KS, Page RC, Tonetti MS.  

The host response to the microbial 

challenge in periodontitis: assembling the 

players. Periodontol 2000 1997;14:33–53.

55.  Waerhaug J. Subgingival plaque and 

loss of attachment in periodontosis as 

observed in autopsy material. J Periodontol 

1976;47:636–642.

56.  Seibert A, Lindhe J. Esthetics and 

periodontal therapy. In: Lindhe J (ed). 

Textbook of Clinical Periodontology. 

Copenhagen: Munksgaard, 1989.

57.  Camargo PM, Melnick PR, Camargo LM. 

Clinical crown lengthening in the esthetic 

zone. J Calif Dent Assoc 2007;35:487–498.

58.  Palomo F, Kopczyk RA. Rationale and 

methods for crown lengthening. J Am Dent 

Assoc 1978;96:257–260.

59.  Nugala B, Kumar BS, Sahitya S, 

Krishna PM. Biologic width and its 

importance in periodontal and restorative 

dentistry. J Conserv Dent 2012;15:12–17.

60.  Zucchelli G, Mazzotti C, Monaco C. 

A standardized approach for the early  

restorative phase after esthetic crown-

lengthening surgery. Int J Periodontics 

Restorative Dent 2015;35:601–611.

61.  Fahl N Jr. Trans-surgical restoration of 

extensive class IV defects in the anterior 

dentition. Pract Periodontics Aesthet Dent 

1997;9:709–720.

62.  Oppermann RV, Gomes SC, Cavagni J, 

Cayana EG, Conceição EN. Response 

to proximal restorations placed either 

subgingivally or following crown 

lengthening in patients with no history 

of periodontal disease. Int J Periodontics 

Restorative Dent 2016;36:117–124.

63.  Santamaria MP, Queiroz LA, Mathias IF, 

et al. Resin composite plus connective 

tissue graft to treat single maxillary gingival 

recession associated with non-carious  

cervical lesion: randomized clinical trial. 

J Clin Periodontol 2016;43:461–468.

64.  Barboza EP, MonteAlto RF, Ferreira VF, 

Carvalho WR. Supracrestal gingival  

tissue measurements in healthy human 

periodontium. Int J Periodontics Restorative 

Dent 2008;28:55–61.

65.  Halpering-Sternfeld M, Saminsky M, 

Machtei EE, Horwitz J. The association 

between dental proximal restorations and 

periodontal disease: a retrospective 10–18 

years longitudinal study. Quintessence Int 

2016;47:249–259.


