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Abstract

The treatment of open gingival embrasures area, also known as black triangles, has always been a frequent

reason for consultation in daily clinical practice. It is undoubtedly one of the most important unaesthetic sequelae
of periodontal disease

Citation
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. Redefining the biologic width in severe, generalized, chronic periodontitis: implications for therapy. J Periodontol.
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Cunliffe et al. evaluated in 2009 the perception of 80 randomly selected patients in terms of the number of visible

black triangles and their severity. They concluded that the presence of black triangles was the third most
unpleasant aesthetic problem after caries and dark crown margins

Citation
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. Patient's ranking of interdental "black triangles"” against other common aesthetic problems. .
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The technique we are going to describe is known as "injection molding". Based on the use of a patented matrix
system (Bioclear. Washington. USA) by Dr. David Clark, which is combined with a refined technique that

simultaneously uses flowable composite and conventional heated composite (nanofiller/microhybrid). The clinical
procedure consists of 10 steps that must be performed in order.
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Guidelines
CONTEXT

The treatment of open gingival embrasures area, also known as black triangles, has always been a frequent
reason for consultation in daily practice. It is undoubtedly one of the most important unaesthetic sequelae of
periodontal disease [1]. Cunliffe et al. evaluated in 2009 the perception of 80 randomly selected patients in terms
of the number of visible black triangles and their severity. They concluded that the presence of black triangles
was the third most unpleasant aesthetic problem after caries and dark crown margins [2].

The etiology of black triangles is multifactorial, depending on the interproximal space between the teeth, the
distance between the position of the contact point and the bony ridge, the gingival biotype, the age of the patient,
the severity of the periodontal disease, the presence of divergent roots and, finally, the morphology of the tooth
and whether it is more or less predisposing (triangular), or an inadequate contour of a pros-thetic crown and/or
restoration [3].

One of the most frequent moments for the appearance of black triangles is after orthodontic treatment [4]. Kurth
and Kokich published a study in 2001 with 337 patients from their private practice to assess the prevalence of
black triangles between the upper central incisors after orthodontic treatment. The study showed that the
prevalence of in-complete papillae between the upper incisors was approximately one third of the population.
Another classic study by Burke et al. in 1994 estimated that 15% of adolescent patients undergoing orthodontic
treatment for crowding of the upper incisors could expect the presence of black triangles after treatment [5].

Surgical techniques such as platelet rich fibrin (PRF) or connective tissue graft (CTG) in papilla reconstruction to
treat these sequelae have a greater or lesser degree of recurrence over time [6]. The limited blood supply to the
papilla is a problem that determines the reaction of this tissue to any trauma or intervention, however minor. A
review published in 2020 by Zhang et al. concludes that minimally invasive procedures, such as hyaluronic acid or
low power laser photobiomodulation, still require further observation to confirm their long term efficacy [7].

The protocol we are going to describe is known as "injection molding". Based on the use of a patented matrix
system (Bioclear. Washington. USA) by Dr. David Clark [8, 9], which is combined with a refined technique that
simultaneously uses flowable composite and heated conventional composite (nanofiller/microhybrid). The clinical
procedure consists of 10 steps that must be performed in order.
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Materials

Bioclear Black Triangle Intro Kit. (Bioclear. Tacoma.WA.USA).

Dental Strips ( Plastic Sof-Lex 3M ESPE.St.Paul. MN.USA or Metal Strips. Intensive.Montagnola.Switzerland).
Rubber Dam (NicTone. MDC Dental.Jalisco.Mexico or Optidam.Kerr.Orange.CA.USA).

Clamps Rubber Dam #2A ( Hufriedy group.Steris.OH.USA).

Bioclear Dual Color Disclosing (Bioclear).

Dental Ultrasonic Device (Acteon Satelec. Aquitaine.France)

Dental Sandblaster (Aquacare.Velopex.London.UK or Dento-Prep microblaster. Ronvig.Copenhagen.Denmark).

Aluminium Trihidroxide (Velopex) or Aluminium Oxide 29 micron (ProCut.Velopex).
Etchant Gel. (Proclinic.Barcelona.Spain or Scotchbond Etchant Syringe .3M ESPE).
Universal Adhesive. (Scotchbond Universal Plus. 3M ESPE).

Adhesive Applicators ( Fine microbrush. Microbrush International.Grafton.WI.USA).
HeatSync Kit. ( Bioclear).

Composite. Filtek Supreme Ultra Flow Syringes. (3M ESPE).

Composite . Filtek Supreme XTE Body compules (3M ESPE).

Sof-Lex Pop-on Intro Polishing Discs Kit (3M ESPE).

862-863-864 012. Diamond Bur flame. (MDT.Haifa.lsrael).

H379AGK Tungsten Bur (Komet. Lemgo. Germany).

Polishing Kits (Rubber wheels. EVE Diacomp Twist. Keltern. Germany) or Magic Mix Prepolisher paste with trophy

cups and Rockstar Polishing Kit (Bioclear).

Troubleshooting
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Description of the technique

1 Pre-treatment analysis of the gingival embrasure area and selection of the
corresponding bioclear black triangle (BT) matrix.

1.1 This step is performed with a BT calibration probe (Bioclear.Tacoma.WA.USA). This is a
plastic instrument designed to calibrate the open gingival embrasure area and coded
with four colors (pink, yellow, blue, and green). Each color is associated with a BT
bioclear matrix, making selection easy and intuitive. To do this, the probe is inserted into
the black triangle from vestibular to palatal/lingual until it stops (Figure 1a). Then, it is
observed from incisal (Figure 1b) by selecting the matrix that corresponds to the color
that we observe in the probe once it has been inserted into the black triangle.

Figure 1. Analysis of the open gingival embrasure area, frontal (a), and occlusal view with
the "BT" calibration probe (b) (Bioclear).

1.2 These anatomical matrices are specifically designed for the closure of black triangles
with composite. They have some distinguishing features that facilitate this procedure in
an efficient and conservative manner with the remaining tooth structure. These matrices
are rigid and withstand the force required to insert the filling material without overflowing
and are highly resistant to deformation.

1.3 At the same time, they are flexible enough to adapt to the anatomy of the tooth, providing
an optimal seal at the marginal level. These are self-stabilizing matrices so that, with the
interdental contact point present, there is no need for any accessory elements (wedges,
rings) to fix them and hold them in position. In addition, there are different emergence
profiles that allow them to cope with all clinical situations that arise during daily practice.
Their composition is mylar type polyester, which provides a satin finish to the restorative
material in the cervical interdental area (a critical area due to the difficulty of access).
Due to its transparency, excellent polymerization of the composite is possible.

1.4 There are two available sizes of anatomical matrices.
1. Small for mandibular central and lateral incisors, including small maxillary lateral
incisors.
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2. Large: for maxillary central and lateral incisors, including maxillary and mandibular
canines.

2 Smoothing and relief of the interdental contact points.

2.1 This second step consists of checking the interproximal contact points to eliminate
possible irregular areas such as sharp edges and/or overflow of fillings that could tear
the rubber dam that we use to perform the technique by means of absolute isolation. It
also facilitates the removal of bacterial plaque and/or calculus present on the interdental
surface. It is also an important step to facilitate the correct and complete seating of the
matrices, since in situations where there is a strong contact point, it can be difficult to
insert them due to their thickness. It is important to perform this procedure gently to
relieve the contact point, but without losing it, as this could also compromise the
subsequent stabilization of the matrices. Polishing strips can be used for this purpose
(Figure 2a). If a higher degree of relief is required, the manual sanding set is a good
alternative (Figure 2b).

Figure 2. Contact point relief with Sof-Lex strips (a) (3M ESPE.St.Paul. MN. USA) or “tru-
contact” manual sanding (b) (Bioclear).

3 Fitting the rubber dam.

3.1 The technique of black triangles closure by this procedure is performed with absolute
isolation by means of a rubber dam since it improves our working conditions by keeping
a wide, clean, and dry surgical field, which is essential when using adhesive techniques.
Of all the advantages offered by the rubber dam in restorative dentistry, the most
important in this context is the retraction of the soft tissues (tongue, lips, cheek and
gum) because it facilitates access and improves the field of vision to an already sensitive
area (Figure 3a). The presence of the rubber dam also helps to stabilize the matrix
apically, due to the pressure it exerts on the matrix and therefore on the neck of the
tooth. A medium-thickness latex dam is usually recommended, as it provides optimal
tissue retraction and is resistant to tearing during passage through interdental contact
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41

4.2

points. The anchorage clamp of the rubber dam is always placed one or two teeth
posterior to the most distal tooth on which we are working to not interfere with the
restorative procedure (Figure 3b).

Figure 3. Absolute isolation with Nic tone rubber dam (MDC Dental. Jalisco. Mexico),
frontal (a) and occlusal view (b).

Bacterial plaque removal and substrate conditioning.

This step is crucial to ensure the adhesive procedures, it is essential that the bacterial
plaque present is completely removed. To facilitate its visualization and subsequent
removal, we brush the surface of the tooth (focusing on gingival embrasure area) with a

plaque-revealing solution for ) 00:00:20 (Figure 4a). Then rinse thoroughly with

water, observing the bacterial plaque present on the surface of the tooth (Figure 4b).

Figure 4. Revealing bacterial plaque (Bioclear dual color disclosing. Bioclear) (a,b).

Elimination of bacterial plaque, as well as any extrinsic stains present on the surface of
the tooth, is performed using ultrasonic instruments (Figure 4c) and bicarbonate spray
(Figure 4d).
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4.3

5.1

Figure 4. Removal of bacterial plaque with dental ultrasonic device (c) (universal tip no. 1.
Acteon Satelec. Aquitaine. France) and/or bicarbonate spray (d) (Air-n-go easy. Acteon
Satelec).

Conditioning of the substrate allows to improve adhesion to the enamel including the
exposed root surfaces. It will also allow stability of the restoration margins by reducing
the incidence of staining in the tooth-composite transition. This conditioning is
performed by sandblasting with aluminum oxide, with a particle size of 29 microns, dry
(Figure 4e) or combined with water (Figure 4f).

Figure 4. Conditioning of the substrate with dry aluminum oxide (e) (Dento-Prep. Ronvig.
Copenhagen. Denmark) or mixed with water (f) (Aquacare. Velopex. London. UK).

Placement of BT bioclear matrices.

Once the substrate has been conditioned and the matrices have been selected, we
proceed to place them in the black triangle to be reconstructed. It is recommended to
insert the first matrix obliquely with the index finger and thumb, exerting apical pressure
until it stops (Figure 5 a, b). After checking that it is correctly and completely seated, we
repeat the procedure with the adjacent matrix (Figure 5c). Occasionally, due to the
thickness of the matrices and the resistance of the interdental contact point, it may be
necessary to use a composite spatula to facilitate the insertion of the second matrix
(Figure 5d). Once the first matrix is in place, we insert the spatula through the black
triangle and make a rotating movement, resting on the matrix. This way, we facilitate the
opening of the contact point and the insertion of the second matrix. Their rigidity will
prevent them from deforming during this procedure. Finally, we make sure that both
matrices are at the same height so that they are well seated (Figure 5e).
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Figure 5. Placement of the matrices to treat the central black triangle (a,b,c,d). Detail of
the placement of the small BT matrices in position (e) (Bioclear).

6 Acid etching.

6.1 After correct placement of the matrices, the enamel and exposed root surfaces are 30s
etched with orthophosphoric acid. It is preferable to etch with the matrices in place as
they act as a formwork favoring the penetration of the acid to the most apical part of the |s‘«

gingival embrasure area (Figure 6 a, b). After Q') 00:00:30 , rinse thoroughly for the

same time and dry gently.
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Figure 6. Simultaneous conditioning of both teeth with orthophosphoric acid (a,b) (37%.
Proclinic. Barcelona. Spain).

7 Bonding agent application and not light curing.

71 There are many systems to choose from in this category. The first option is the classic
4th generation system that consists of conditioning, primer, and bond separately.
Alternatively, the 5th generation system consists of a conditioning, like the previous
system, but primer and bond are one solution. Lastly are universal adhesives, also known
as self-etch systems, but it is highly recommended to always condition before using
adhesives with orthophosphoric acid to optimize adhesion to the enamel [9]. The latter
are preferred because of their lower technical sensitivity during the procedure. Brushing
of the bonding agent should be performed in an active way on dentine area (

®) 00:00:20 ), trying to access the entire tooth surface to be restored both vestibular

(Figure 7a) and palatal/lingual (Figure 6b). Finally we gently air dry and do not light cure
to act as a surfactant.

Figure 7. Vestibular (7a) and lingual (7b) bonding agent application.

7.2

8 Injection of the flowable composite and composite paste into the matrix.
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8.1

8.2

9.1

The injection molding procedure involves the sequential injection of a balanced mixture

of preheated, nanofilled, flowable and paste composites into the anatomical matrix,
which surrounds the tooth and acts as a reservoir containing the material.

First, the flowable composite preheated to 68° in a dry oven (bioclear HeatSync heater.

Bioclear.) is applied in vestibular, from the base of the black triangle to the incisal

without polymerization (Figure 8a). The procedure is repeated on the palatal/lingual side
of the matrix, also with flowable composite (Figure 8b). Immediately thereafter, the paste
composite, also preheated [10], is placed vestibular in the flowable composite pool until

the latter overflows the incisal edge (Figure 8 c, d). The aim is to push the flowable
composite into the narrower areas by filling the space within the matrix. This requires
excess material as it will reduce the possibility of bubbles and/or pores in those areas

that are difficult to access. This procedure is performed at the same time on the teeth to

be restored, on both matrices facing each other. A video to explain this step better:
https://www.dropbox.com/preview/PROTOCOLS.I0/inyecci%C3%B3n.m4v

Figure 8. Application of composite, in the top photos the detail of the tip of the syringe of
the flowable composite can be seen (Filtek Supreme XTE A1 flow. 3M ESPE.) placed at
the base of the vestibular and lingual black triangle (8a,8b). In the bottom photos a detail
of the opening of a matrix with the tip of the compul (8¢) (Filtek Supreme XTE. A1B. 3M
ESPE.) and in the last picture the composite mix applied and the excess overflowing
incisal (8d).

Simultaneous polymerization of the adhesive plus composite mixture and matrices
removal.

Polymerization is performed at the end of the injection molding procedure once both
consistencies of restorative material have been placed in the anatomical matrix.
Polymerization is done 20s per side, vestibular (Figure 9a) and palatal/lingual (Figure
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9b). After simultaneous polymerization of adhesive and both composite consistencies,
then, the matrices are removed with the help of mosquito forceps (Figure 9 c, d). Black
triangle restorations made with the injection molding procedure are based on excess
restorative material (e, f, g, h), it is necessary to check the perfect three-dimensional
filling of the black triangle before starting de finishing.
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Figure 9. Polymerization of the composite, 20s for each surface and removal of matrices
(a, b). Detail of matrix removal with mosquito forceps, previously it is necessary to open it
a little to eliminate the vacuum effect (c). The restorations just after removing the
matrices are a perfect model of them (d). Vestibular (e, f) and palatal (g, h) details of the
restorations before finishing.

10
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1

1.1

11.2

Polishing of excess composite and finishing the restoration.

When performing this step, we must consider that at no time should we touch the
emergence profile created with the matrices, since the composite in contact with the
matrix is polished with a satin aspect due to the material these matrices are made of.

Finishing the restoration is done in three stages. First, the thick excess composite is
removed from easily accessible areas such as the vestibular and palatal/lingual surfaces.
This is done with burs and rotatory instruments at high speed and water irrigation (Figure
10a). The second phase involves polishing and recontouring the restoration. As we
approach the tooth surface, we use tungsten carbide burs (Figure 10b) and polishing
discs of decreasing particle size to blur the tooth-restoration transition (Figure 10 c, d).
Finally, we proceed to fine polishing and shining using diamond rubber discs (Figure 10
e, f, g, h) and contra angle handpiece at low-speed alternating irrigation with water. In
the end, the result is an anatomical restoration with a closed gingival embrasure from
vestibular (Figure 10i) to palatal (Figure 10j) aspect.
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Figure 10 Different stages of finishing with diamond (a) 862-012 (MDT. Haifa. Israel) and
tungsten carbide (b) H379AGK burs (Komet. Lemgo. Germany). This was followed by a
disc of descending par-ticle size (¢,d) (Sof-lex. 3M ESPE.) and finally polished with a disc,
but this time made of rubber (e,f, g, h), preferably diamond (EVE diacomp plus twist.
Keltern. Germany). Final result from vestibular and palatal aspect (i, j).
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