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To adequately

restore teeth, we

must mimic life

and understand

the natural tooth

in its entirety. 
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to dentin by using the novel technology of a

caries detecting dye, which allowed an ideal

caries removal end-point to be visualized in

the all important “peripheral seal zone. On a

dentin surface free of denatured collagen, a

bond to dentin could be established using

newly developed polymerizable monomers

that were both hydrophilic and hydrophobic.

With these two technological breakthroughs,

Dr. Takao Fusayama and his team of

researchers at the Tokyo Medical and Dental

University began the quest for conservative,

long-lasting adhesive restorations.

 

Fast-forwarding to 2002, a landmark book

was published that advanced major concepts

in biomimetic dentistry, including new

information regarding the properties of

natural teeth and their behavior under

function, preparation design principles, and

the all important foundational biomimetic

concept of immediate dentin sealing. In the

same year, a technique to reduce the effects

of polymerization shrinkage stress was

published, referred to as a stress-reduced

direct composite, which allowed a biomimetic

approach to a direct composite restoration.

This white paper outlines the  biomimetic

paradigms and protocols supported by

scientific publication and practices by

biomimetic dentists around the world.

Similar to the intact natural tooth, an

adhesively-restored tooth is better able to

handle and manage functional stresses. As

a result, the biomimetically restored tooth

eliminates gaps under restorations and

cracks into dentin that develop as a result

of deformation and stress concentrations,

reducing or eliminating postoperative

pain and sensitivity and preserving vitality,

as bacteria are not able to invade and kill

the pulp. The natural flexibility and

fracture resistance of a tooth are also

enhanced when it is hydrated by the vital

pulp.

 

The biomimetic protocols of today are

founded on the “silent revolution” of

adhesive dentistry that developed during

the 80s and 90s. This revolution was

advanced by Japanese researchers who

identified two different layers of carious

dentin that had two different

characteristics of dentin adhesion. These

researchers were able to predictably bond  
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Reducing polymerization stress to

the developing hybrid layer results

in a 300% to 400% increase in

bond strength. Dentin bond

strengths in the range of 30 MPa

to 60 MPa are in the same range

as the tensile strengths of enamel,

the dentinoenamel junction, and

dentin.

   400% 90%
A strong and secure bond allows

for a long-term marginal seal to be

established and maintained during

functional stresses. Careful sealing

against infection removes the need

for up to 90% of the crowns and

root canals of traditional dentistry

methods.

3X
By maintaining a highly bonded seal,

the restoration will provide long-term

function without recurrent decay,

dental fractures, or pulp deaths.

A vital tooth is also three times more

resistant to fracture.2

LOW STRESS
Residual stress, while hard to visualize,

leads to cuspal deformation, debonding,

gaps, cracks, pain and sensitivity, and

recurrent decay. Reducing residual

stress while maintaining the maximum

possible bond strength is the ultimate

goal of any biomimetic restorative

technique.
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BIOMIMETIC PROTOCOLS:
GROUP 1 - STRESS REDUCTION

1. Use indirect or semi-direct restorations

for the occlusal and interproximal enamel

replacements. An indirect technique is the

most stress-reduced technique. It reduces the

volume of shrinking restorative material. This

also reduces residual stress.

 

2. Decouple with time.This protocol states

that polymerization shrinkage stress to the

developing dentin bond of the hybrid layer

should be minimized for a certain period of

time (ie 5 to 30 minutes) by keeping initial

increments to a minimum thickness (ie less

than 2mm). This minimal thickness prevents

the connection, or “coupling,” of deep dentin

to enamel or superficial dentin before the

hybrid layer is matured and close to full

strength. This procedure neutralizes the

“Hierarchy of Bondability,” which states that

the shrinkage of composite moves toward (or

“flows” toward) the walls of the preparation

that are the most mineralized and dry and

flows away from the walls of the preparation

that are the most moist and organic.

 

3. Restore the dentin with thin horizontal

layers of composite that are 1mm or

less. This ensures that decoupling with

time is properly achieved and that the flow of

the composite is not moving away from the

deep dentin during the early stage of

horizontal layer development. This is the

solution to the problem of a preparation’s

complex geometry and the resulting

configuration stresses, which are known as C-

Factor” stresses. Small volume increments

“are always associated with small ratios of

bonded to unbonded surface areas; thus,

high C-Factor stresses can be reduced to

“micro C-Factor” stresses. This is the basic

protocol of the stress-reduced direct

composite technique.

 

4. For large restorations, place fiber inserts

on pulpal floor and/or axial walls to

minimize stress on the developing bond

strength of the hybrid layer. The fiber nets

allow the composite on either side of the net

to move in different directions via micro

shifting of the woven fibers. The polymer

network is still highly connected, but the

polymerization shrinkage does not stress the

hybrid layer.

 

5.Use slow start and/or pulse activation

polymerization techniques.

 

6. Use dentin replacing composites with

shrinkage rates of less than 3% and with a

modulus of elasticity between 12 GPa and

20 GPa.

 

7. When restoring pulp chambers in nonvital

teeth, use dual cure composite with

the chemical cure mode active for the first

five minutes. The volume of composite is

not as critical for chemically cured

composites because the chemical initiation

of the polymerization is very slow (4 minutes

to 5 minutes). This slow polymerization

allows sufficient time for the dentin bonding

system to mature into a strong hybrid layer.
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8. Remove dentin cracks completely

within 2mm of the dentinoenamel junction.

This area is referred to as the “peripheral seal

zone.” Remove all dentin cracks inside of the

peripheral seal zone to a depth of 5mm from

the occlusal surface and to a depth of 3mm

interproximally from the axial wall.6 If cracks

into dentin are left under the restoration,

micro-movements under function will allow

the cracks to get longer (ie crack

propagation). Larger cracks propagate with

smaller forces than shorter cracks; therefore,

it is recommended to remove as much of the

cracked dentin as possible without exposing

the pulp.

9. Limit onlay cusps to thinner than 2mm

after removal of decay and cracked dentin.

This will change the forces on the hybrid

layer from predominantly tensile to

predominantly compressive, which helps

reduce bond fatigue.

 

10. Verticalize occlusal forces to reduce

tensile stress to the restoration and the

cervical region of the tooth. This can be

done by restoring anterior guidance with

bonded composite to the lingual surface of

maxillary cuspids and/or the facial surfaces

of mandibular cuspids.

CASE 1
 
(1 . )  IN IT IAL  RADIOGRAPH.
DEEP DISTAL CARIES
EXTENDING NEAR CREST
OF BONE.  (2 . )  IN IT IAL
ACCESS AND HEMOSTASIS
WITH V ISCOSTAT CLEAR.  
(3 . )  CARIES REMOVAL
ENDPOINT AND
PERIPHERAL SEAL ZONE
DEVELOPMENT.  
(4 . )  MATRIX  BAND PLACED
FOR DEEP MARGIN
ELEVATION (GARRISON
MARGIN ELEVATION
BAND) .  
(5 . )  IMMEDIATE DENTIN
SEALING. (6 . )  MARGIN
ELEVATION AND RESIN
COATING COMPLETED.
THIS  IS  THE “B IO-BASE. ”

Fig. 1 Fig. 2

Fig. 3 Fig. 4

Fig. 5 Fig. 5
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BIOMIMETIC PROTOCOLS:
GROUP 2 - BOND MAXIMIZING

1. Establish a caries-free peripheral seal

zone. Achieve a caries-free zone 2mm to

3mm circumferentially around the cavity

without exposing the pulp. Inside of the

peripheral seal zone, caries excavation should

be limited to a depth of 5mm, measured on

the long axis from the cavo-occlusal surface.

Measuring from the proximal tooth, the

depth of excava-tion should be limited to

3mm from the cavo-proximal surface.

 

2. Air abrade surfaces. Air abrade com-posite

surfaces for bonding/cementation. This will

increase bond strength to both normal and

carious dentin. It will also change the failure

mode to eliminate failures in the hybrid layer. 

When bonding to the composite base of a

bio-mimetic restoration, air abrasion will

maximize the composite-to-composite bond. 

 

3. Bevel enamel. Bevel enamel across enamel

rods to increase bond strength.

 

4. Deactivate matrix metalloproteinases.

This prevents 25% to 30% of bond strength

from being degraded.45 Deactivation can be

achieved by using a 30 second treatment

with 2% chlorhexidine (eg Consepsis,

Ultradent), benzalkonium chloride (eg Micro-

Prime B, Danville or Etch 37, Bisco), or a

dentin bond-ing system with the MDPB

monomer (eg SE Protect, Kuraray).

 

5. Employ gold standard bonding systems.

Use a gold standard dentin bonding system

that can achieve a microtensile bond

strength of 25 MPa to 35 MPa on enamel and 

40 MPa to 60 MPa on flat dentin surfaces. The

available data indicates that three-step total

etch dentin bonding systems and two-step

self-etch dentin bonding systems offer the

best clinical performance. 

 

6. Utilize immediate dentin sealing. The

application and polymerization of dentin

bonding agents at the time of preparation

(an before an impression is taken) has

numerous advantages and will ultimately

increase the microtensile bond strength by

400% when compared to the traditional

approach of bonding the dentin at the

cementation appointment. This is

fundamental to achieving maximum bond

strength.

 

7. Resin coat the immediate dentin sealing.

This can be done with a flowable

resin or a lower viscosity restorative

composite with a modulus of elasticity of

around 12 GPa (ie the same as deep dentin).

This ensures that the dentin bonding system

is fully polymerized even if the pressure of

pulpal fluid transudation (in conjunction

with the air-inhibited layer) has made the

adhesive too thin to be polymerized due to

air-inhibition. Once the dentin bonding

system is resin coated and the resin coating

is light polymerized, the air inhibition and

transudation stop. This step also creates a

“secure bond,” which means that if the onlay

was ever dislodged from the resin coating,

the resin coating would stay bonded to the

sealed dentin. A few dentin bonding

systems have thicker and highly filled 



CASE 1  (CONT. )
 
(7 . )  COMPLETED MARGIN
ELEVATION WITH
PERFECT MARGINAL
SEAL.  MESIAL  CARIES
TREATED SEPARATELY
AT CEMENTATION
APPOINTMENT.  FOR AN
INDIRECT RESTORATION,
THE F INAL  IMPRESSION
WILL  BE TAKEN NOW.  
(8 . )  CEMENTATION
APPOINTMENT.  TOOTH IS
CONDIT IONED BY A IR
ABRASION AND
PHOSPHORIC ACID ETCH-
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8adhesives (ie around 80 microns). These

dentin bonding systems can act like a resin

coating. Examples include OptiBond FL

(Kerr), All Bond 3 (Bisco), and PQ1

(Ultradent).

 

8. Achieve deep margin elevation. A

subgingival box margin needs to be bonded

and raised to a supra-gingival position to

obtain a biomimetic microtensile bond 

strength greater than 30 MPa. This deep

margin elevation, in

conjunction with immediate dentin sealing,

resin coating, and the composite “dentin

re-placement,” is referred to as the “bio-

base”— a term used by the Academy of

Biomimetic Dentistry for the stress-reduced,

highly bond-ed foundation that the

indirect or semi-direct inlay or onlay will be

bonded to.

ING FOR MAXIMUM BOND STRENGTH.  AN INDIRECT OR A  CHAIRSIDE FABRIC-
ATED INLAY RESTORATION PROVIDES MAXIMUM STRESS REDUCTION AND
MAXIMUM BOND STRENGTH.  ( 9 . )  CEMENTATION OF INLAY,  ACCESS OF
MESIAL  CARIES.  MESIAL  LESION IS  RESTORED SEPARATELY TO CONSERVE
VALUABLE INTACT TOOTH STRUCTURE.  (10 . )  F INAL  RADIOGRAPH.
 
 

BY COMBINING THE STRESS-REDUCING AND BOND-MAXIMIZ ING
PROTOCOLS,  B IOMIMETIC RESTORATIVE DENTISTRY IS  ABLE TO
RECONNECT ALL PARTS OF THE TOOTH WITH ALL PARTS OF THE

RESTORATION WHILE MAINTAINING A L IFE-L IKE TENSILE/COHESIVE
STRENGTH IN  THE 30  TO 50  MPA RANGE.

Fig. 7 Fig. 8

Fig. 9 Fig. 10
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in photo: The Working Space in Bakersfield

(11 . )  TWO 15-YEAR-OLD SEMI -D IRECT B IOMIMETIC RESTORATIONS.  (12 . )  A  10 -YEAR-
OLD STRESS-REDUCED DIRECT COMPOSITE RESTORATION THAT INCLUDED F IBER
PLACEMENT FOR STRESS RELIEF .  (13 . )  THESE EMPRESS INLAY AND EMPRESS ONLAY
RESTORATIONS ARE 17  YEARS OLD.  REPLACING OCCLUSAL AND INTERPROXIMAL
ENAMEL,  THEY ARE BONDED TO STRESS REDUCED B IO-BASES CONSISTING OF
IMMEDIATE DENTIN SEALING,  RESIN COATING,  AND DENTIN REPLACEMENT.

Case2: Lifelike Longevity
 
These two semi-direct biomimetic restorations (Figure 11) on teeth #3 DOLF inlay/onlay and #4
full onlay (mirror reversed) are more than 15 years old now. The onlay on the bicuspid and the
inlay/onlay on the molar were restored using most of the protocols presented in this article with
the exception of fiber placement for stress reduction and deep margin elevation on the bicuspid.
There is a slight ditching of the flowable cementing resin on the molar, but no leakage is present.
The onlays were fabricated out of Z-100 (3M, St Paul, MN). This 10-year-old stress-reduced
direct composite restoration (Figure 12) included fiber placement for stress relief. Only the cracks
into the dentin were removed. The cracks into the enamel were stabilized with biomimetic
protocols to reestablish a tensile cohesive strength from side to side, front to back, and top to
bottom. As a whole, the tooth is now functioning again like a natural tooth. The occlusal surface
was restored with Majesty Posterior (Kuraray, Okayama, Japan). These Empress inlay and
Empress onlay restorations (Figure 13) are 17 years old. Replacing occlusal and interproximal
enamel, they are bonded to stress reduced bio-bases consisting of immediate dentin sealing,
resin coating, and dentin replacement with a composite (AP-X, Kuraray) with a modulus of
elasticity similar to dentin (16.7 GPa). The modulus of elasticity of the ceramic enamel (Empress,
Ivoclar) is around 80 GPa. This number is a little higher than the enamel that it replaces, which
has a modulus of elasticity of around 60 GPa. Composites with a modulus of elasticity of 20 GPa,
such as Z-100 and Majesty Posterior, have also been functioning biomimetically for 10 to 20
years without breaking down.

Fig. 11 Fig. 12 Fig. 13
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