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Abstract

Polymerization dynamics, which govern the movement of composite restoratives as
they cure, dictate that shrinkage occurs in the direction of the most bondable surface or,
in larger volumes, toward the center mass of the material. When polymerizing,
composite shrinks toward the wall or walls of the preparation that are the most
mineralized and dry and away from the walls that are the most moist and organic a$

dictated by the hierarchy of bondability. Immediately sealing the dentin with a dentin
bonding system after preparation, applying a thin coating of resin, and allowing the

decoupling with'time! Additional techniques, such as deep margin elevation, stress-
reduced direct composite layering, and the placement of fiber reinforcement also
leverage decoupling with time to improve bond strengths. This article explores the
development and use of these and other techniques to improve bond strengths to
dentin, discusses the impact of the hierarchy of bondability on composite failure, and
presents the biomimetic restorative dentistry protocols that incorporate this information
to create restorations that possess a long-term seal to prevent reinfection, maintain pulp
vitality, maximize the preservation of tooth structure, and minimize residual stresses in
the tooth/restoration complex.

Twenty-three years ago, a team of researchers from the University of Minnesota set out

to answer the question, "Doldental composites always shrink toward the curing light?"
and found that'the'answer was "No."+ Dental composites shrink toward the most

bondable surface that they are connected to or toward the center of their mass during

the first 5 to 30 minutes after placement. Knowledge regarding how composites move
during curing is referred to as the science of polymerization dynamics. The volume of a
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Dentin Sealing, Resin Coating, and Deep Margin Elevation
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to protect the underlying hybrid layer is referred to as "resin coating." These two
protocols were introduced iiJapaNEANAIEUOPEINIhEIMO=I990sT. INMEsAtEIEntn

The concepts of immediate dentin sealing, resin coating, and deep margin elevation
have been used and taught at the University of Geneva, Switzerland, for more than 20
years, and great successes using these three fundamental protocols in partial coverage
restorations have been documented and published during that time.10 Why do these
three techniques produce such a dramatic increase in the bond strength to dentin and,

subsequently, the longevity of adhesive dentistry? Because traditional'techniques used
) delayed the

dentin bonding procedure until the time that the final restoration was placed. This

Decoupling With Time

Immediate dentin sealing, resin coating, and deep margin elevation all provide sufficient
time for the dentin bonding system to create a mature hybrid layer that is better able to
resist any shrinkage stresses associated with the resin cements or subsequent
composite layers to which it is connected (ie, "coupled"). Therefore, by delaying or
"decoupling" the bonded connection between the dentin hybrid layer and the
subsequent restorative layers for a period of time, the maximum cohesive strength of

the tooth/restoration complex can be achieved. This'‘concept of first establishing a
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bonded seal of the dentin with a thin layer of resin and then, after a period of time,
connecting or coupling the rest of the restoration to it has been referred to in the

literature as "decoupling with time." Decoupling with time can help overcome the
procedures. Those differences have been used to establish what is referred to as the

The Hierarchy of Bondability

the amount of stress that is concentrated on the developing dentin hybrid layer. When
polymerizing, composite shrinks toward the wall or walls of the preparation that are the
most mineralized and dry and away from the walls that are the most moist and
organic13

The hierarchy of bondability is based on the science that has shown that SiGPEiGHBRS
have multiple types of dental hard tissues that can be hybridized. These hard tissues

avEiicrenipercentaeSIlMIASEANeoRien:, and that level of mineralization affects
how easy or difficult it is to form a strong bond to each of them. Commaonly eéncountered

BS&d. 12.14,15 The last two hard tissues, affected deep dentin and infected deep dentin,
can‘only:achieve abonded sealin the range of 1016:20MPat1¢-1s If the bond strengths

of immediate dentin sealing and resin coating are allowed to be established during the

loading.19
Because biomimetic restorative dentistry protocols that promote decoupling with time,

including immediate dentin sealing, resin coating, and deep margin elevation, make all
0.21 The stresses from subsequent composite layers will not be

concentrated on the deep dentin hybrid layer until the deep dentin hybrid layer's
. f

Direct Decoupling Techniques

After immediate dentin sealing, resin coating, and deep margin elevation were
introduced for indirect and semi-direct approaches, other techniques were developed to
create direct adhesive restorations that had characteristics similar to those of the
"biomimetic" indirect restorations. These new techniques also incorporated decoupling
with time in order to overcome the problems associated with the hierarchy of

bondability.
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decoupling into the literature 23 Intended to prevent sensitivity after class Il direct
composite restoration in the posterior dentition, this decoupling protocol involved a
permanent separation of the deepest 1-mm layer of composite from the more superficial
2-mm layers through the addition of an unbonded separating layer. The technique
sealed the tooth and prevented the hydrodynamic movement of pulpal fluid that causes
pain after dental restorations.24 However, because the bottom of the restoration was
disconnected from the top, the BioEchanicalfunctionohtheoothtindenioadingiwas
altered. This could lead to early tooth fractures and required retention forms similar to
those of traditional cavity preparations.

Stress-Reducing Direct Composite Layering

In 2002, Deliperi and Bardwell introduced what would become known as the SiféSs8

FeaucinGIdifecHEoMpoSitelayEfNGIBOtoEa]. s This technique also had the goal of
preventing postoperative sensitivity, but it eliminated the need for retention and
resistance forms in preparations. |fifielprotocolitheldentiniandithe/enamelwere
restored as two different substrates and in three different stages using a selective
composite technique.

After immediate dentin sealing, the first stage of composite layering involved the
replacement of the proximal/facial/lingual enamel shell! In the second stage, dentin
replacement began with the placement of a 0.5-mm to 1.0-mm layer of flowable
composite on the floor of the preparation over the filled adhesive of the bonding system
used to hybridize the dentin. Then, aftefthislinitialthinincrementioficompositelwas
created, the rest of the dentin was replaced using the same small volume increment

technique to place 1.0-mm to 1.5-mm. wedge-shaped increments using slow-start pulse
polymerization'protocols; decreasing thelC=factorratio. The third stage involved
replacing the occlusal surface via a successive cusp buildup protocol.

Although the stress-reducing direct composite layering protocol employed découpling
withitime, the layers of the restorations [ETEIIMAIYICONPISANOMIOPNOIONOM
instead of being left disconnected in the manner of the protocol developed by Wilson

ENGIGEIEEGEES. The stress-reducing direct composite layering protocol could also be
used for cusp replacing restorations.26

In 2004, a comparative study provided solid in vitro clinical evidence to support the use
of decoupling approaches to improve the strength of bonds to dentin.27 The results
indicated that the thinner the horizontal layers of composite placed, I EIIIEEE
microtensile bond strength achieved in the deepest floor of the preparations. ~ccording

to the data, a 1-mm horizontal layer achieved a microtensile bond strength of [l
whereas a 4-mm bulk-filled layer only achieved a microtensile bond strength of 11 MPa.
Then in 2014, a team from Brazil produced more in vitro support for the concept of
decoupling using finite elemental analysis at the University of Tennessee.28 The

conclusions of these studies reinforce [igiifiaximiziRgERcbohaSFengineiihe

Polyethylene Fiber

Aothendecouplingieehmigue involves placing ultra-high molecular weight woven
polyethylene fibers into the first thin 0.5- to 1.0-mm layer of flowable microfilled
composite coupleditothe dentinbonding system This innovation was developed at the
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Selcuk University in Turkey and the Tokyo Medical and Dental University in Japan under
the direction of Belli and Inokoshi, respectively.29-31 The technique was shown to
eliminate the stress to the dentin hybrid layer that causes microleakage. These
experiments were confirmed in 2007 by EI-Mowafy and colleagues3s2 and in 2009 by
Ozel and colleages.33 By placing polyethylene fiber in the first 1 mm of composite, an
effective decoupling of the lowest sealing layers of composite from the overlying layers

of composite was achieved. In 20DBHETKUENAICOllEaGUES USEaISCaNNINGIIECHon
microscope visualization to demonstrate the mechanism of stress relief, which involved

the fibers separating as the small intertwining masses of composite moved in two
different directions.34 In 2020, this technique of "decoupling with fiber" was confirmed by

fibers acting as a decoupling mechanism using optical coherence tomography.ss

Maximizing Dentin Bond Strength

Each of the aforementioned decoupling protocols adds to the time that it takes to
complete the restoration. Thisiextrattime for the polymetization reaction allows the
dentinhybridiayertomaturelnits sealianditsistrenath. Every restorative procedure
takes time to perform, including both amalgam placement and composite placement. |8
delivering a direct adhesive composite restoration or an indirect bonded restoration
worth the added time that it takes to place? Only if there is a benefit to the patient

The average age of a large composite restoration in the United States is a little more
than 5 years. Many protocols utilizing biomimetic approaches have been developed
during the last 25 years that have been able to extend the life of large composite

restorations to more than 20 years.1o By combining the best decoupling techniques with

the concepts of polymerization dynamics and time allowance for the hybrid layer to
mature, restorations can be created that act like'naturaltooth'structure’and that'are
strongly connected from side to side, top to bottom, and front to back with cohesive
strengths in the range of 30 0 50 MPa-the same as the natural tooth components.37

In a summary of biomimetic restorative dentistry protocols that Was'published'in‘/nsice
Dentistry in 2017, the authors listed 18 different protocols that have been shown to
maximize the bond to dentin in the developing hybrid layer.2o Without employing stress
reducing protocols that permit decoupling with'time, it is impossible to achieve long-term
successes in structurally compromised teeth with large defects from decay and fracture.
Maximum dentin bond strengths are needed to achieve the goals of biomimetic
restorative dentistry, which include establishing a long-term seal of dental hard tissues
iolpreventireinfectionundernthelrestoration, maintaining pulp vitality, maximizing the
preservation of tooth structure, and minimizing residual stresses in the tooth/restoration

Composite Failure

Why:dollarge nonsstress:reducedicompositerestorationsifail? They fail because of
recurrent decay, fracture of the tooth, and/or fracture of the restoration. All tnrce of these
failure modes are a Manifestationonthestiressesionpolymerizationthatinthefirsuhours
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of placement resulted in either weakening of the dentin hybrid layer, residual strain in
the remaining tooth structure, internal stress in the polymer networks in the large
composite mass; ora combination of these conditions. s Although all of these failure

modes require repair or replacement, recurrent decay often leads to pulpal infection,
which may cause pulpal necrosis. A major goal of biomimetic restorative dentistry is to

prevent this type of failure mode. SOOIV ERICIEVCIGINGICIRMeTZaion

stress on the maturing dentin hybrid layer.

Adhesive dentistry in large defects could be expressed as a Simple relationship between
dentin bonds and the polymerization stress caused by composite shrinkage. |f EIGEHliR
bond can withstand the stresses applied to it during its initial formation. then it can
eSS ESSESIOHNeEEINSIaN . 2o In 1984, Davidson and colleagues were the

first to study the development of composite-dentin bond strength in relation to
polymerization shrinkage stress as a function of the polymerization time.40

Biomimetic Restorative Dentistry Protocols
There are seven main protocols used in biomimetic restorative dentistry that help to

neutralize the hierarchy of bondability and permit decoupling with time to maximize the
bond strength to dentin41:

1. Create a peripheral seal zone inside the dentinoenamel complex that is free of
CafiouSIaeniimbyIuSInGIcaresSIIeieslifgiye. The dye's differential staining will allow the

hard tissues that will present the most difficulty in establishing the dentin hybrid layer to
be visualized and then treated in ways to maximize their seal and bonded strength.42

2. USElEnimmediaieeRiNSEalRGMEEARIGNS that can establish a hybrid layer with a
microtensile bond strength in the 30 to 50 MPa range.s
3. ReSincoatiieimmediaielyiSealeaidStii th a 0.5-mm layer of microfilled or

nanofilled flowable composite to increase the thickness of the adhesive layer of the
dentin bonding system.4

IRGFEMEAt with a thickness greater than 1.5 mm.2s,43 44
5. When the amount of dentin to be replaced is greater than 1.5 mm in thickness, use a

6. INiEnVeTicaloeIeoISETeIIEEpEINERIMIH, Use a deep margin elevation
technigue.6-9

7. Incorporate polyethylene and fiber glass fibers to relieve polymerization stresses to
IREIRYBHENEYEE ond improve fracture resistance under occlusal loading.30,31,45-48
feundation! This foundation, which has become known as thél"bi6=base" at the

Academy of Biomimetic Dentistry in the United States and in the Philippines, is an
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All of the protocols that occur after immediate dentin sealing (ie, 3 through 7) take time
to perform. During the time that it takes to perform these five protocols, something very

critical is happening. ielfeeNadicalpolymernzationTeacionthatisiormingihehybrid

polymers, and finally, to larger polymers takes 5 to 30 minutes.40,49,50 The adhesive

because 10 to 20 ym of its thickness will be inhibited from conversion by the air
inhibiting of the dentin bonding system initiators that cause the start of monomer chain
formation.51

Immediate dentin sealing may be performed with githerafilled, lightly filled, or unfilled
dentin bonding system to achieve the goal of high bond strengths. However, the

BiSMifMSticHeSorativeltSRtiSIYARIGIOe0IE+ 20 s The process of resin coating also EHUEES

Discussion

For the overlying composite to not adversely affect the strength of the hybrid layer, the
polymerization dynamics (ie, directional movements) of the composite layers need to be
understood in terms of the configuration of the tooth preparation and the volume of the
composite used. [NCICORTIGUFETIORMGIIREIEEIES! in the tooth and the BNEIIINGIURMEIS]
the restoration both have an effect on the amount of stress associated with the
polymerization of the different composite layers in the restoration.

Surfaces.40,49,50 When composite was bonded to only one surface, the masses of
composite shrank in mostly one direction and were not very stressful to the bond.

However, when 3D cavities were filled, the shrinkage toward multiple walls caused so

systems that had strengths in the 18 MPa range failed. This caused gaps in the deepest
partsiehthelpreparations thatwereiCIoseStoRhipulp - 40,49,50 None of the early dentin
bonding systems were able to @chieVelbondsioNflatSurfacesiIow C=factorninithic

therefore, the polymerization stresses from the volume of composite were delayed.53,54

Unfortunately, the successes of this "directed shrinkage" technique were not consistent,
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and there was reported sensitivity from sealed gaps filled with pulpal fluid, which caused
pain during function from hydrodynamic movement of the fluid.24

Dentin bonds can achieve strengths in the' 501660 MPa range, which are potentially
iwicerthe strong asibonds torenamelin the 251080 MPairange. However, within the first

3 minutes of polymerization, the early bond strength to enamel is twice as strong (16

MPa) as the early bond strength to dentin (8 MPa).11 Dentin is only approximately 50%
hydroxyapatite, whereas enamel is more than 95% hydroxyapatite, so it takes longer for

water, which makes it "slippery" and more difficult for the enveloping polymers to "grab
ahold of" than the dryer enamel. If you connect or couple an overlying composite mass
of a larger volume too soon, then the dentin hybrid layer can be stretched to a weaker
connection or even broken during the first hours of the polymerization reaction. This is
because the polymerization of the overlying composite is stretching the dentin hybrid
layer toward its center of mass and away from the dentin.

Another method developed during the S80Sl HpicaicoVeicomeiieIpioblemloi
ol EZatonShNkE e ESENSemisfeCHIEERIGNS. This concept involved a
composite inlay or onlay that iESISSfcHZzEaiouSidSeRcImMouiEandiicRcemenied
iNGpEcESiHgEceniMbeRgiRgISYSIE and a resin cement applied at the same
time.55 Removing the large volume of composite from the cavity during shrinkage was a
t. Again, this was due to the differences
in the bondable surfaces when the dentin bonding system was applied to the semi-

direct restoration at the same time as the resin cement. Déelaying dentin'bonding instead

thanmaiVIPals This is because the movement of the ShfiKiRGICEMentlayermovedin
accordance with the hierarchy of bondability. It shrunk toward the most bondable

inlay'oronlay. The weaker surface was the moist and flexible dentin hybrid layer that
was being developed at that time.

Although the directed shrinkage and semi-direct techniques that were developed were
found wanting, new approaches were being developed that were successful. The new
techniques of immediate dentin sealing, resin coating, and deep margin elevation to
seal the preparation before the impression was made were game changers that led to
more protocols that decoupled with time and neutralized the hierarchy of bondability.

The resin coating or "GHSIECRGIRGIEERRIGHE \vas shown to eliminate the gaps on the

Further testing revealed that delayed composite placement of the direct components of

direct and indirect restorations were improved [HiffildEcoupliRGtRtmebEcauseNt
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takes time for the chemical reactions of the dentin bonding system to occur.s.56-59 All
biomimetic restorative dentistry techniques delay the coupling of the dentin hybrid layer
to larger volumes of shrinking composites for a period of time. The time that the dentin
hybrid layer is allowed to mature can range from 5 minutes for shallow stress-reducing
direct composite restorations to 2 weeks for indirect final restorations that are bonded to
bio-bases.

Conclusion

Having small volumes of composite move toward the dentin hybrid layer as they cure is
the primary goal of biomimetic restorative dentistry protocols. This ensures that large
layers of composite that are thicker than 1 mm are not connected to the developing
hybrid layer during at least the first 5 minutes of its polymerization reaction. The
hierarchy of bondability dictates the direction of the movement of the composite. Thin
layers move toward the tooth and improve the strength of the hybrid layer. Thick layers
move away from the tooth and toward the center of their mass, which can weaken or
break the hybrid layer.1 When the dentin hybrid layer is allowed to fully mature by
decoupling with time, then all of the surfaces in the hierarchy of bondability become as
bondable as enamel and can establish high bond strengths in 3 minutes.21 With the
hierarchy of bondability neutralized by decoupling with time, tooth restoration becomes
very predictable and all of the goals of biomimetic restorative dentistry can be achieved.
Queries regarding this course may be submitted to authorqueries @aegiscomm.com
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