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Abstract

Purpose: The present clinical study aimed to investi-

gate the safety and feasibility of cervical marginal relo-

cation (CMR) procedures in cases of deep caries in-

volving supracrestal tissue attachment (STA). 

Materials and methods: Fifteen patients were select-

ed from those attending the Studio Ghezzi Dental 

Clinic, Settimo Milanese, Milan, Italy. After following an 

oral hygiene program with specific counseling ses-

sions, the selected patients were included in a period-

ic supportive periodontal therapy program. Depend-

ing on the treatment they received, the patients were 

divided into three groups according to a new classifi-

cation system: a) Class 1: Nonsurgical CMR; b) Class 2a: 

Surgical CMR (gingival approach); c) Class 2b: Surgical 

CMR (osseous approach). The primary and secondary 

outcomes were pocket depth (PD) on probing and re-

sidual bleeding on probing (BOP) after 1 year. 

Results: No differences were found among the three 

CMR approaches for PD (overall mean value after 

1 year: 2.5 ± 0.64 mm; overall mean value after 

5.7 years: 2.3 ± 0.49 mm) or residual BOP (40% of the 

cases after 1 year). 

Conclusion: Based on the study results, the authors 

can conclude that CMR procedures do not negative-

ly affect the periodontal health status of patients 

when the connective compartment of the STA is not 

violated.

(Int J Esthet Dent 2019;14:272–284)



CASE REPORT

274 |  The International Journal of Esthetic Dentistry | Volume 14 | Number 3 | Autumn 2019

Introduction

Adhesion has allowed for many advances in 

both direct and indirect restorative dentistry. 

Currently, clinicians can restore severely 

damaged teeth while maintaining as much 

as possible of the remaining sound struc-

ture. Even in deep cavities, a composite lay-

er can be used as a base for indirect com-

posite or ceramic restorations.1 In the case 

of indirect restorations, the use of direct 

composite as a base prior to tooth prepar-

ation minimizes the sacrifice of sound struc-

ture by filling undercuts and supporting un-

dermined cusps.2

Adhesives and composites have permit-

ted more conservative approaches for re-

pairing severely damaged teeth by reducing 

the invasiveness that was historically in-

volved with the ‘classic’ prosthetic approach, 

thus limiting the number of endodontic and 

periodontal treatments.

Dietschi et al1 suggested elevating a 

proximal, slightly subgingival cervical cavity 

to a more supragingival level through the 

use of an adequate layer of composite, ie, 

cervical margin relocation (CMR). This 

method reduces the difficulty of the impres-

sion techniques and cementation proced-

ures for indirect restorations.3,4 In 2012, 

Magne and Spreafico5 referred to this tech-

nique as ‘deep margin elevation’ (DME); oth-

er terms such as ‘coronal margin relocation’ 

and ‘proximal box elevation’ can be found in 

the literature.

The two main problems with this ap-

proach are the adhesion protocol for deep 

cavities, and the violation of the biological 

width (BW)6 due to the depth of the carious 

lesion. The problem with extensive subgin-

gival defects, regardless of the technique 

applied, is the presence or absence of 

enamel in deep cervical margins, which of-

ten leaves only dentin and cementum as 

the main substrates for adhesion. Adhesive 

bonding to etched enamel has proven to be 

efficient and stable.7 Adhesion to dentin, on 

the other hand, depends on numerous fac-

tors related to the substrate morphology,8 

the type of adhesive used,9 and the sensitiv-

ity of the application technique.10 Biological-

ly, a distance of 3 mm is recommended be-

tween the restorative margins and the 

alveolar crest in order to avoid detrimental 

effects on neighboring soft and hard perio-

dontal tissue.11 

Topics that are extensively discussed 

among clinicians are whether the CMR 

technique is the best treatment option for 

the restoration of deep cavities, how the 

proposed advantages and disadvantages 

could affect the clinical performance of in-

direct restorations, and which materials and 

techniques are most appropriate to apply in 

such situations. Despite how topical these 

issues are, little scientific support can be 

found in the current literature.12

The aim of this article was to present the 

results of 15 clinical cases with a long fol-

low-up to describe a new conservative pro-

tocol for CMR that reconsiders the dogma 

of the BW in the context of a new classifica-

tion system.

Materials and methods

Study participants and inclusion 
criteria

This study was conducted between May 

2010 and July 2018. From the patients at-

tending the Studio Ghezzi Dental Clinic 

(Settimo Milanese, Milan, Italy), 15 patients 

requiring CMR were included in this clinical 

investigation. After the study objectives had 

been explained, all the participants were en-

rolled in the study and provided verbal and 

written informed consent. All the patients 

were treated according to the principles 

enunciated in the Helsinki Declaration of 

1980 for biomedical research involving hu-

man subjects. The study participants had to 
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meet the following inclusion criteria: a) Pa-

tients with decay involving at least one 

component of the dentogingival unit; b) Pa-

tients who agreed to follow the specific oral 

hygiene program; c) Patients without any 

systemic diseases (ASA-1 or ASA-2, accord-

ing to the American Society of Anesthesiol-

ogists classification). Exclusion criteria were: 

a) Patients who self-declared that they were 

pregnant; b) Patients who would adversely 

affect the outcomes. All patients participat-

ed in a recall system with at least two annu-

al recall visits.

CMR procedure: new classification 
system

Regarding the selection of cases, our clinic-

al decisions were guided by the ability to 

isolate the margin after caries removal and 

cavity preparation rather than the depth of 

the defect. The selected patients were divid-

ed into three different groups according to 

our new classification system: 

 ■ Class 1: Nonsurgical CMR

 ■ Class 2a: Surgical CMR (gingival 

 approach)

 ■ Class 2b: Surgical CMR (osseous 

approach)

In the five Class 1 cases, the common char-

acteristic was the possibility of field isolation 

without any surgical approach, ie, the mar-

gin is likely to be at least within the area of 

epithelial tissue or, ideally, in the sulcus. It 

should not be mistakenly considered that 

the cases in this nonsurgical class were 

simp ler to resolve than those in the surgical 

classes (2a and 2b), as the difficulty of con-

trolling the fit of the matrix and of perform-

ing polishing procedures, when necessary, 

was not negligible (Figs 1 to 3).

Fig 1 A Class 1 case in the second quadrant treated in 2013. (a) Periapical radiograph showing the lesion of tooth 26. (b and c) Clinical 

aspect from the occlusal view, showing the presence of a deep lesion involving the mesial cervical margin. (d) Isolation with matrix and 

wedge. (e) CMR treatment. (f) Occlusal view immediately before impression.

a b c

d e f
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Fig 2 A Class 1 case in the second quadrant treated in 2013, continued from Figure 1. (a) Occlusal view 1 week after CMR. (b) Composite 

onlay manufactured in the laboratory. (c) Onlay try-in before cementation. (d and e) Final steps of cementation. (f) Occlusal view after 

polishing.

Fig 3 Final results of the Class 1 case presented in Figures 1 and 2. (a and b) Occlusal view after cementation. (c) Bitewing radiograph after 

5 years.

a b c

d e f

a b c
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Fig 4 A Class 2a case in the fourth quadrant treated in 2011. (a) Periapical radiograph showing the lesion of tooth 46 involving the pulp and 

the supracrestal tissue attachment. (b and c) Clinical aspect from the occlusal and lateral views, showing the presence of a deep lesion that 

clearly does not allow adequate isolation of the distal cervical margin. (d) A simplified papilla preservation technique was performed. 

(e) Lateral view after rubber dam placement and decayed tissue removal showing the distance between the ideal occlusal surface and the 

deepest point of the cervical margin. (f) Occlusal view after decayed tissue removal and endodontic treatment showing correct isolation. 

Fig 5 A Class 2a case in the third quadrant treated in 2011, continued from Figure 4. (a and b) Occlusal and lateral views after buildup 

procedure and preparation for total cusp coverage overlay. (c) Clinical aspect from the occlusal view of the repositioned and sutured papilla 

immediately before impression. (d) Composite overlay manufactured in the laboratory. (e) Occlusal view 1 week after CMR treatment. (f) The 

overlay was adhesively cemented and polished.

a b c

d e f

a b c

d e f



CASE REPORT

278 |  The International Journal of Esthetic Dentistry | Volume 14 | Number 3 | Autumn 2019

If the field cannot be isolated with rubber 

dam, a surgical approach is needed; this de-

cision is made depending on whether the 

clinician has to touch the bone. A further 

five study cases were therefore designated 

as Class 2a because it was necessary to 

open the flap to isolate the field without 

performing an ostectomy (Figs 4 to 6). Dis-

tances ranging from 1.5 to 2 mm between 

the bone and the tooth margin allow for this 

approach, which will likely leave the margin 

within the level of epithelial tissue.13,14

The final five study cases were designat-

ed as Class 2b, a surgical approach with 

both flap opening and osteotomy, which 

was necessary to achieve proper field isola-

tion (Figs 7 to 9). In these cases, the lesion is 

likely to be in the area of connective tissue. 

The surgery aims to use the minimum space 

(1.5 to 2 mm) needed to permit isolation 

and, at the same time, meet the biological 

need to restore the space for the connec-

tive tissue of the supracrestal tissue attach-

ment (STA), and not the space for the full 

BW, as suggested in the past.

In both surgical classes, the authors rec-

ommend, whenever possible, a modified 

papilla preservation technique (MPPT)15 or a 

simplified papilla preservation flap (SPPF),16 

according to the indications, in order to re-

duce healing time and discomfort. Initially, if 

the integrity of the interdental tissue is irre-

versibly damaged, the alternative to MPPT 

and SPPF is gingivectomy performed with 

different instruments (lasers, burs, curettes, 

etc). All the procedures were performed un-

der rubber dam isolation and with a mini-

mum of 4.3x magnification loupes. 

The materials used were a self-etching 

adhesive (Clearfil SE Bond; Kuraray Noritake 

Dental), a 37% phosphoric acid (Ena Etch; 

Micerium), a nanohybrid composite (Enam-

el plus HRi; Micerium), and a 50 μm alumi-

num oxide blasting material, along with an 

intraoral sandblaster (Dento Prep; Ronvig 

Dental).

After rubber dam isolation, CMR was 

performed with a single- or double-matrix 

technique,5 depending on the clinical situa-

tion. The enamel was first etched for 15 s, 

rinsed with tap water for a minimum of 15 s, 

and air dried with oil-free air for 15 s. A 0.2% 

chlorhexidine water solution was then ap-

plied for 5 s, and air dried with oil-free air for 

15 s. Following this, the adhesive system 

was applied according to the manufactur-

er’s instructions: The primer was applied for 

20 s with a microbrush, with active brushing 

for 20 s, then air dried gently for 10 s. The 

bonding material was applied with a micro-

brush, with active brushing for 10 s. The 

quantity of both the primer and bonding 

Fig 6 Seven-year 

follow-up of the 

Class 2a case 

presented in 

Figures 4 and 5. (a) 

Periapical radiograph. 

(b) Clinical aspect of 

tooth 46 from the 

lateral view.

a b
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Fig 7 A Class 2b case in the second quadrant. (a) Periapical radiograph showing the lesion of tooth 24 involving the pulp and the supracrest-

al tissue attachment. (b) Clinical aspect from the occlusal view after root canal treatment showing the presence of a deep lesion that clearly 

does not allow adequate isolation of the mesial cervical margin. (c) A modified papilla preservation technique was performed. (d) After raising 

the soft tissue, it was observed that there was insufficient space for adequate isolation. (e and f) An ostectomy was performed using ultrason-

ic devices.

Fig 8 A Class 2b case in the second quadrant, continued from Figure 7. (a to e) Intrasurgical lateral and occlusal views of the ostectomy 

performed using rotating and ultrasonic instruments between teeth 23 and 24. (f) Interdental soft tissue was repositioned and sutured. 

a b c

d e f

a b c

d e f
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material was calculated for a maximum area 

of 3 mm2, to ensure that the required time 

for each area of the cavity would be a mini-

mum of 20 s for the primer and 10 s for the 

bonding material. The bonding material was 

then gently thinned with oil-free air. Poly-

merization took place for a minimum of 

40 s under a wide-spectrum light-emitting 

diode (LED) lamp (Valo, Ultradent Blue-

phase; Ivoclar Vivadent).17 The time required 

for polymerization depends on the distance 

of the curing light to the bottom of the cav-

ity.18,19 The proximal margin was raised using 

a nanohybrid composite that was heated to 

39°C. Heating the composite improves the 

polymerization ratio and the adaptation of 

the composite to the cavity due to reduced 

viscosity.19 To reduce the tension on the 

margins, the following composite layers 

were applied:

 ■ First layer: applied on the ‘enamel’ side of 

the cavity.

 ■ Second layer: applied on the ‘dentin’ side 

of the cavity.

 ■ Third layer: applied to connect the first 

and second layers.

All increments were a maximum of 2 mm3. 

The composite was refined using an EVA 

handpiece and polishing stripes, where nec-

essary. The margin was raised to achieve a 

maximum thickness of 3.5 mm from the oc-

clusal reference of the adjacent tooth, to 

allow sufficient light exposure for the poly-

merization of a translucent light-curable 

composite for cementation and still be 

above the gingiva.20 A polyether impression 

material was selected (Permadyne Garant; 

3M ESPE). 

The impression technique involved one 

step and two materials. As the margins were 

all supragingival, there was no need for a 

chord and/or astringent for impression tak-

ing; the tissue was thus prevented from be-

ing affected by astringents.21 

After 1 week, an indirect composite was 

cemented with the following protocol: 

Under rubber dam isolation, the teeth were 

sandblasted, etched, rinsed with tap water 

for a minimum of 15 s, and air dried with 

oil-free air for 15 s. A 0.2% chlorhexidine 

water solution was then applied for 5 s, fol-

lowed by air drying with oil-free air for 15 s. 

The composite used for the buildup had 

been treated with silane. The adhesive sys-

tem was then applied with a microbrush, 

with active brushing for 20 s for the prim-

er, and then 10 s for the bonding material. 

The overlay surfaces were treated with si-

lane, bonded with the same adhesive sys-

tem, and cemented with a preheated com-

posite.22

Fig 9 Final results of the Class 2a case presented in Figures 7 and 8. (a) Lateral view after overlay cementation. (b) The probing depth mesial 

to tooth 24 was 3 mm. (c) Periapical radiograph after 3 years.

a b c
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Clinical outcome variables

The primary outcome was the pocket 

depth (PD) on probing, measured to the 

nearest millimeter using a periodontal 

probe (PCP UNC15; Hu-Friedy) before the 

CMR procedure was performed (PD 0), and 

at the 1-year follow-up (PD 1 Y). All patients 

were recalled for a last follow-up visit 

(PD end) between 2017 and 2018. Bleeding 

on probing (BOP) was also measured as a 

dichotomous outcome variable at baseline 

(BOP  0) and at the 1-year follow-up 

(BOP 1 Y). Any adverse events or complica-

tions occurring during the follow-up peri-

od were recorded.

Statistical analysis

Statistical analysis was carried out after en-

tering the data into an Excel spreadsheet 

and checking it for entry errors. A sub-

ject-level analysis was performed for each 

parameter. Shapiro-Wilk tests were applied 

for each quantitative variable to assess the 

‘goodness of fit’ to a normal distribution, 

and normality was not achieved for most of 

the variables. Therefore, the nonparametric 

Kruskal-Wallis test for quantitative variables 

and the Fisher exact test for dichotomous 

variables were applied to evaluate inter-

group differences. A significance level of 

P = 0.05 was applied. Statistical analysis was 

performed using Stata version 11.1 (College 

Station).

Results

No patients treated with CMR reported any 

complications during the entire follow-up 

period. After a mean follow-up time of 

5.7 years, 100% of the dental restorations 

remained functional. Clinical results divid-

ed by class are depicted in Table 1. The 

mean PD at baseline for Classes 1, 2a, and 

2b was 3 ± 0.71 mm, 3.6 ± 1.14 mm, and 

3.6 ± 0.71 mm, respectively, and these 

 values decreased to 2.4 ± 0.55 mm, 

2.8 ± 0.84 mm, and 2.4 ± 0.55 mm, re-

spectively, 1 year after CMR. The patients 

were followed for different time periods, 

ranging between 2 and 8 years. At the last 

follow-up visit, the PD was 2 ± 0 mm for 

Class 1, 2.6 ± 0.55 mm for Class 2a, and 

2.4 ± 0.55 mm for Class 2b. 

No significant differences were found 

among the groups regarding the PD at any 

timepoint in this clinical study. BOP de-

creased in all groups from 100% at baseline 

to 40% 1 year after CMR treatment, without 

any differences among the groups. 

Class PD 0 
Mean (SD) 
mm

PD 1 Y
Mean (SD) 
mm

PD end
Mean (SD) 
mm

BOP 0
Number of 
positive 
bleeding/ 
total 
number of 
patients

BOP 1 Y 
Number of 
positive 
bleeding/ 
total 
number of 
patients

Follow-up
Mean years

1 3 (0.71) 2.4 (0.55) 2 (0) 5/5 2/5 5.2

2a 3.6 (1.14) 2.8 (0.84) 2.6 (0.55) 5/5 2/5 6.2

2b 3.6 (0.71) 2.4 (0.55) 2.4 (0.55) 5/5 2/5 5.6

Table 1 Clinical 

results of the CMR 

treatment
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Discussion

The BW is a commonly used clinical term 

describing the variable apicocoronal dimen-

sions of the supracrestal attached tissues, 

which are histologically composed of the 

junctional epithelium and supracrestal con-

nective tissue attachment. Thus, the term 

STA should replace BW.23 

It is important for the clinician to respect 

the STA and not invade it when it comes to 

restoring fractures or caries near the alveo-

lar crest level. To quote from Jepsen et al:   

“…available evidence from human studies 

supports that infringement within the supra-

crestal connective tissue attachment is as-

sociated with inflammation and loss of peri-

odontal supporting tissue. Animal studies 

corroborate this statement and provide his-

tologic evidence that infringement within 

the supracrestal connective tissue attach-

ment is associated with inflammation and 

subsequent loss of periodontal supporting 

tissues, accompanied with an apical shift of 

the junctional epithelium and supracrestal 

connective tissue attachment.”23 As such, 

many authors suggest a minimal distance 

between the restoration and the bone level, 

which essentially refers to the STA value 

suggested by Gargiulo et al.14 Ingber et al11 

suggested a minimum of 3 mm from the re-

storative margin to the alveolar crest. Nevins 

and Skurow24 recommended limiting the 

extension of the subgingival margin to 0.5 

to 1.0 mm, respecting the 3 mm of space 

from the bone crest to the crown margin. 

Wagenberg et al25 considered 5 mm to be a 

suitable distance from the bone to the re-

storative margin: “It is important to note that 

recommendation[s] regarding placement of 

restorations in relation to the biologic width 

are based on opinion articles.”26 

Given the available evidence, it is not 

possible to determine whether the negative 

effects on the periodontium associated with 

restoration margins located within the STA 

are caused by dental plaque biofilms, trau-

ma, dental material toxicity, or a combina-

tion of these factors.23 

The current authors applied another 

point of view regarding this treatment. The 

main question before starting the treatment 

was whether it was possible to isolate the 

cavity with rubber dam. Rather than consid-

ering biology, this question considers the 

relation between the residual margin and 

the bone level. This approach is related to 

the considerations of Schmidt et al,13 who 

concluded in their review that there are no 

“magic numbers” for the STA, and that there 

is “significant intra- and interindividual vari-

ability in its dimension.” Therefore, the depth 

of the cavity does not directly drive the de-

cision for a surgical treatment plan. Howev-

er, the protocol was performed respecting 

connective tissue instead of the entire STA 

unit.

Composite restorations are known to be 

accepted by the periodontium as they are 

biocompatible;27 however, there is evidence 

suggesting that tooth-supported/retained 

restorations and their design, fabrication, de-

livery, and materials are associated with 

plaque retention and the loss of clinical at-

tachment.23 Nevertheless, optimal restor-

ation margins located within the gingival sul-

cus do not cause gingival inflammation if 

patients are compliant with self-performed 

plaque control as well as periodic mainte-

nance. Currently, there is a paucity of evi-

dence to define a correct emergence profile, 

and additional research is necessary to clarify 

the effects of restoration margin placement 

within the junctional epithelium.23

The BW, redefined as the STA, is classi-

cally considered an inviolable space for the 

maintenance of periodontal health, regard-

less of the type of restoration and the type 

of interference with the relevant tissues. 

This concept could be reconsidered due to 

the adaptive capabilities of the epithelial 

component when cervical raising proced-
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ures are confined to the epithelial compo-

nent. With current knowledge, lesional in-

volvement of the connective component 

necessitates an intervention for two differ-

ent reasons:27,28

 ■ Due to its histological nature, this unit 

may not have the adaptive ability to re-

define itself.

 ■ The depth of the lesion determines a 

technical impossibility for isolation.

These basic principles led the present au-

thors to consider the possibility of rubber 

dam isolation of the field as the primary 

concern, thus altering the point of view and, 

accordingly, the classification system.

 ■ Stage 1: If the field can be isolated with 

rubber dam, regardless of the depth of 

the lesion, no surgical approach is nec-

essary, ie, the working field is within the 

area of the epithelial tissue.

 ■ Stage 2: If the field cannot be isolated, 

the lesion is too deep. In this case, a sur-

gical approach is needed, and a decision 

would be made based on contact with 

the bone.

 ● Stage 2a: If the field can be isolated 

after opening a flap, there is no need 

to perform an ostectomy, as in the 

case of a deep lesion for which the 

working field will likely remain within 

the level of epithelial tissue.

 ● Stage 2b: If the lesion is too deep to 

be isolated after the flap has been 

opened, an ostectomy is needed to 

ensure correct margin relocation and 

proper tissue healing after the inter-

vention. In this case, the lesion is like-

ly to be in the area of connective tis-

sue: The surgery aims to restore the 

thickness of the connective tissue 

surrounding the tooth, without the 

full BW being a “magical number” (as 

has been suggested in the past).

Some discussion is possibly required to dif-

ferentiate between deep Stage 1 and Stage 

2a lesions. There is no practical way to de-

termine whether a lesion has invaded the 

connective tissue or whether it has re-

mained within the epithelial level of the tis-

sue. Therefore, it is not actually possible to 

determine at the time of margin relocation 

whether the clinician has invaded the STA. 

Theoretically, a case could exist in which 

the lesion can be isolated (with or without 

opening a flap), but the level has reached 

the connective tissue. In such a case, and 

with the system presented here, the clin-

ician still has the opportunity to opt for a 

surgical approach with bone remodeling, 

even after the restorative procedure is fin-

ished. 

Further studies are needed to confirm 

the feasibility of biologically safe restor-

ations without the adverse effects of the so-

called classic surgical approach.

Clinical relevance

Based on the present results and within the 

limitations of this study, the authors con-

clude that CMR procedures do not nega-

tively affect the periodontal health status of 

a patient when the connective compart-

ment of the STA is respected.
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