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THE SCIENCE OF STRONG
RESTORED TEETH
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DR. DAVID CLARK DR. ALEX FOK
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DR. ALEX FOK

Dr Alex Fok is a Mechanical Engineer with expertise in solid mechanics, structural analysis and
mathematical modeling. He is currently the Academic Director of the Minnesota Dental Research Center
for Biomaterials and Biomechanics (MDRCBB). The MDRCBB is an international leader in the
development and application of novel characterization techniques for dental biomaterials, with long-
standing collaboration with dental materials manufacturers. Dr Fok's research focuses on the development
of techniques for material characterization, nondestructive examination, lifetime prediction and shape
optimization of dental restorations. A principal aim of his research is to instill more engineering principles
and analytical techniques into the design and assessment of dental restorations and treatments so as to
improve their longevity and effectiveness.



In this case-based lecture
today we explore:

* Coronal (vertical and cuspal)
Fracturing
* Snap-Off Fracturing



f Fracturing
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Today's Summary

"\Why things break...
"Modern cavity preparations
=|njection Overmolding as a 3" option
"FEA of loading of teeth & composite
"l ong term outcomes & case studies of

composite overlays for cracked teeth
=\When to endo, when to extract.



Modern Approach to Composite Restorations




Glossar e Strength
y Maximum stress required to cause fracture or debonding
* Bending * Stress

Mode of loading that creates curvature, Force per unit area

resulting in tension on one side and
compression on the other

Stress concentrator

: A structural feature that results in raised stresses within
* Compression a small region

Squeezing of an element

Structural analysis or design triangle

* Hooke’s law Material, geometry and load
This is obeyed when the strain of a

material is proportional to the stress * Tension .
applied Stretching of an element
e Shear e Toughness
Force or displacement that results in an Energy required to create unit surface area
angular change in shape of an element
* Spring

Most fundam_ental structural element in
solid mechanics

Strain
Displacement per unit length
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Epidemic of Cracked Teeth
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Courtesy Dr. Charlie Regalado



Case Study “Joe”: Contralateral bicuspids fracture
nine years apart

2012: Catastrophic fracture tooth #12. Endo
tooth w/ traditional Class Il Resin Restoration

2021: Catastrophic fracture tooth #5. Virgin
Tooth




Case Study 1 “Joe”: Contrateral bicuspids fracture
nine years apart

2012: Catastrophic
fracture tooth #12.
Endo tooth w/
traditional Class Il
Resin Restoration




2005: Catastrophic fracture tooth #12. Endo tooth w/
traditional Class Il Resin Restoration

Case Study Joe bilateral bicuspid fractures




Case Study Joe bilateral bicuspid fractures

2021: Catastrophic fracture of #5. Virgin Tooth




Case Study Joe bilateral bicuspid fractures
2021: Catastrophic fracture #12. Virgin Tooth
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Case Study “Joe”: Discussion

2012: Catastrophic fracture tooth #12. Endo
tooth w/ traditional Class Il Resin Restoration

2021: Catastrophic fracture tooth #4. Virgin
Tooth




Case Study “Sue”: Traditional Parallel Walled Cavity
Preparation (PWCP) 10 years post operative

2021: Asymptomatic tooth at New
Patient Examination

When the tooth fractures: Crack
initiates at the central groove of
composite or at interfacial bond.



















According to the FEA, what two things need to happen to eliminate fracturing?

1) No Central Groove

2) Horizontalize the prep to create compression (eliminate vertical walls with
massive radius bevel in enamel, the prep will look like a trumpet or a calla lily)




Studies Supporting the Bioclear Method

Complete

* Comparing Conventional to Saucer-Shaped Cavity Designs

Dr. Alex Fok, BEng, PhD, MSc
Dr. Hooi Pin Chew, BDS, PhD, FDSRCS
MN Dental Research Center for Biomaterials and Biomechanics

* Comparison of Class Il Adaptation and Placement Times

Dr. Richard Price, BDS, DDS, MS, FDS RCS, FRCD(C), PhD
Dept. of Clinical Dental Sciences & Biomedical Engineering Dalhousie University

» Effect of Preheating/Fatiguing/Thermocycling on Mechanical Properties

Taiseer A. Sulaiman, DDS, PhD
Assistant professor, Division Director of Operative Dentistry and Biomaterials, UNC School of Dentistry

* 3M Extraction and Pulp Temperature Testing
Brad Bagley, PhD, DABT Advanced Toxicology Specialist

* 3M Material Property Testing Including Injection Molding
Timothy D. Dunbar, Ph.D. Advanced Product Development Specialist

In Process
* Biofilm Adhesion Study

Sabrina F. Sochacki, DDS, MS, PhD
Indiana University School of Dentistry




Basics of Solid Mechanics

‘ .
All solid structures can be

considered as an assembly of
many interconnected springs.







Enamel vs. Dentin Bonding

Bonding to enamel is mostly micromechanical.

Adhesive

-

. ﬁé"')".? :}LJ’ ‘

Composite

Hybrid Layer

Resin tags

Bonding to dentin is more complicated, involving a
hybrid layer and exposed collagen that are prone to
enzymatic attack.




resin composite

|sotropy

ISSUES

[

tooth t

Anisotropy

No bending stresses
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Nomenclature and™
Classification System for
Enamel Cracks

e Type I Havé little or no risk of
underlying pa‘rhology

Type L1: Have moderate risk of




Type I: Have little or no risk of

underlying pathology

‘A) Craze lines

~ B) Small vertical cracks

C) Cracks that follow natural anatomic
grooves

- D) Cracks with superficial stain penetration

S W 1 -
= - : ~
] %, =

Nomenclature and
classification of
enamel cracks
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Type IL: Have moderate risk of =
underlymg pa’rhologx_

o EavE shaped enamel dltchmg with or
without an adjoining restoration often
associated with a wear facet centered over
an otherwise benign crack

« F) Cracks that detour from or do not follow
natural anatomic grooves

T % A
& S .
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Type III: Have risk of
,_ pathology

G) Diagonal cracks branching off a
vertical crack

 H) Horizontal or diagonal cracks that
emanate from the corner of a
restoration

* |) Cracks that house debris

Nomenclature and
classification of
enamel cracks




Type III: Have high risk of
underlying pathology

J. Pair of cracks that outline an
area (cusp or marginal ridge) of
discolored enamel

K. Crack with corresponding halo
of brown, grey or white centered
on crack

The tooth or the cusp is gray

| @
Nomenclature and

classification of
enamel cracks




WHERE ARE WE WITH
CAVITY SHAPES?



1890



G. V. BLACK,

M.D., D.D.S.,
Sc.D,, LL.D.,

1836-1915




MORTICE AND
TENON JOINTS

NECESSARY FOR
MECHANICAL
RETENTION OF
AMALGAM
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Stress/Strain Concentration

*Abrupt changes in geometry fcaes
*Mismatches in mechanical ' &
properties

Concentrated loads




Epidemic of Cracked
Teeth...Why?

Brittle Materials with
Tension joints



Composite Resin Material Properties

Compressive vs Diametral Tensile Strength

MPa
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Brand A

Brand B

Brand C

Brand D

Brand E

Brand F

Brand G

Brand H

B Compressive Strength

B Diametral Tensile Strength



Compression vs. Tension is “Engineering 101"

-

compression

— 5

— =

tension




But composite
strengthens a
tooth, right?




Does composite rengthen the tooth?

No more than

does amalgam

Wahl MJ, Schmitt MM,
Overton DA, Gordon MK.
Prevalence of cusp
fractures in teeth restored
with amalgam and with
resin-based composite.

JADA 135:1127-1132

2004)
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Boxes are bad.
Bevels make them less bad.

The Clark Class Il replaces
beveling with radius walls.



It’s not the filling, it's the =
prep that matters




PRINCETON SCIENCE LIBRARY

The New Science
of Strong Materials

- ’
or Why You Don't Fall
- Fracture Resistant Endodontic
N = 7 : [hrough [he | lo()l‘ and Restorative Preparations
The Epidemic of Cracked and Fracturing .
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Restoratively, It's Not the Size of
the Hole, but the Shape of the Hole
'he formula for determining stress
concentration due to a cavity prepara
tionis (1+24/7) where Lis length of the
cut and KR 15 the radius of the cut. In
simple terms, the longer the cul, the
worse the cut. A long narrow cut,
interestingly, is worse than a wide,
round-bottomed cut. One reason that
intracoronal composites do not pro-

tect the tooth from long-term from
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The formula for stress coﬁc*l_a onine ‘cavity is
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Final views of completed Bioclear Class Il Preparation.




To eliminate mechanical retention, we need 2 mm of enamel
in compression at the primary strike point of occlusion

Y axis ¥
provides no
compression

just a seal




Modern Restoration
Design=
nfinity edge
ompression based
namel driven



Modern Method for Composite Restorations

Clear Anatomic Matrices

* Anterior & Posterior Matrices designed to Injection Mold Com posite
mimic nature

* Injection mold warmed Restorative
materials

* Industry leading polish, esthetic,

strength & wear

Preparation Design

* Designed for composite

* Minimizes stress
concentration

* Maximizes enamel
involvement

Final Polish

 3M" Sof-Lex” XT coarse
discs for reduction

* “Rock Star” polish with
Bioclear Magic Mix & RS

Biofilm Removal

« Remove biofilm before N Systematic

bonding ., restorative protocol Polisher
* Allows bonding to uncut ’ for esthetic long-

enamel term clinical

* Allows infinity outcomes
edge margins



Clark Class Il Prep Design




Unique Aspects of the Clark Class Il Prep Design

« Removal of biofilm




Unique Aspects of the Clark Class Il Prep Design

« Removal of biofilm
 Rounded internal line angles




Unique Aspects of the Clark Class Il Prep Design

* Removal of biofilm

* Rounded internal line angles

* Rounded external line angles
via the Radius Bevel




Unique Aspects of the Bioclear Prep Design

 Removal of biofilm

 Rounded line angles

* |Injection mold rather than place
iIncrementally




Unique Aspects of the Clark Class Prep Design

 Removal of biofilm

 Rounded line angles

* Rounded external line angles

via the Radius Bevel
* Infinity Edge margins
* Maximized enamel rod

Engagement with Large
Areas of Additive
Dentistry
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The Bioclear method







The Bioclear Injection Molding Approach

Failing composite; Re-restored using the
traditional preparation Bioclear approach



- BIOCLEAR

Step by Step Guide for
Injection Molded Class |



Studies Supporting the Bioclear Method

Complete

* Comparing Conventional to Saucer-Shaped Cavity Designs

Dr. Alex Fok, BEng, PhD, MSc
Dr. Hooi Pin Chew, BDS, PhD, FDSRCS
MN Dental Research Center for Biomaterials and Biomechanics

* Comparison of Class Il Adaptation and Placement Times

Dr. Richard Price, BDS, DDS, MS, FDS RCS, FRCD(C), PhD
Dept. of Clinical Dental Sciences & Biomedical Engineering Dalhousie University

» Effect of Preheating/Fatiguing/Thermocycling on Mechanical Properties

Taiseer A. Sulaiman, DDS, PhD
Assistant professor, Division Director of Operative Dentistry and Biomaterials, UNC School of Dentistry

* 3M Extraction and Pulp Temperature Testing
Brad Bagley, PhD, DABT Advanced Toxicology Specialist

* 3M Material Property Testing Including Injection Molding
Timothy D. Dunbar, Ph.D. Advanced Product Development Specialist

In Process
* Biofilm Adhesion Study

Sabrina F. Sochacki, DDS, MS, PhD
Indiana University School of Dentistry




Fracture Simulation of Class-|
Restorations

Prepared by: Ning Ye
Date: 1/11/2019

Reference no. MDRCBB-NY-JAN11-2019



Traditional Class | Prep
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Calla Lily Class | Prep
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...If Restoration 1 has a fast fracture strength that is 10% higher than
Restoration 2, then its fatigue life is roughly 3 times as long.

If the difference in fast fracture strength is 20%, then Restoration 1
will last roughly 8 times as long, etc.
Alex Fok

Minnesota Dental Research Center
for Biomaterials and Biomechanics



Calla Lily: moderate Qqclusal caries or Traditional Class | filled with composite
re-treatment of Traditional prep resin
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The compressive strength of composite is about 4x the diametral tensile strength.

Tensile . Compressive

350
300
250
200
150
- 100
SEE = = 0

Monolithic Lava " Ulbmate
Filtek Restorative

Supreme Ultra

(DEB shades)
(T shades)

Filtek™ Supreme Uttra
Fitek™ Supreme Utira




Bioclear Learning Center Guidelines:

In compression, resin over enamel has no
minimum thickness requirement

In compression, resin over dentin needs at
least 2mm thickness

For Incisal Edges and cusp tips we need 2
mm (occluso gingivally and buccal-lingual)

All monolithic-no seams or grooves



Calla Lily Prep



Calla Lily Prep










Enamel




Do you trust enamel bonding or

Enamel Enamel



















At what point will this tooth go from
compression Into . and vice versa?




Shape Optimization:
As operators we can flatten cusps or fill
in the fossae (or both).

Enamel rods?




Shape Optimization:
Operators we can flatten cusps or fill in
the fossae (or both).




Shape Optimization:
Build a bridge from buccal to lingual




Is there anything illegal or immoral
about the anatomy of a maxillary
first molar?



What unique trait does a maxillary first molar
possess that protects it from cracking?




The oblique ridge




The oblique bricdge







Man Copies Nature’ s Mistake:
Vertical Layering and Deep Continuous
Grooves in a Brittle Material (Composite
or Ceramic)












5 year post-op fracture of
monolithic zirconia

Stress/Strain Concentration
*Abrupt changes in geometry

*Mismatches in mechanical
properties
Concentrated loads




Symptomatic Cracked Lower Molars:
Bioclear Consult (2" Opinion)

Julia's Seattle dentist has treatment
planned her for at least one root

canal and crown lower left 15t molar
(#31 or 4-6)
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Regardless of symptoms, there is

chance that the first molar is
cracked, and only a 20% chance that
the 2" molar is cracked




cracked, and only a 20% chance that
the 2"d molar is cracked










Julia:The wet cotton roll test benefits:

* Trust: Patient owns the diagnosis

* Time: Patients are often confused about which tooth is the problem,
this saves time consuming and trust degrading debate

e Efficiency and Prevention: You may find two or more cracked teeth



Julia:The wet cotton roll test:

* For reversible pulpitis (RP)cases

* [rreversible pulpitis (IP) gets the percussion test
* Get one end of the cotton roll wet

* Patient holds on to the dry end

e Start at the canine (a negative control)

* Repeat the full test at least once



Julia: The patient driven wet
cotton roll test




Julia: The wet cotton roll test:

* For reversible pulpitis (RP)cases (irreversible pulpitis (IP)gets the
percussion test)

* Get one end of the cotton roll wet
 Patient holds on to the dry end

e Start at the canine (a negative control)
* Repeat the full test at least once



> BIOCLEAR

3402 South 38™ Straet, Tacoma, WA 98409
Q1 253-4T74-T635  F: Patient@BicclearClinic.com

Patient Name: JulianR.
Trealing Doctor: David Clark
TX Dale: 10/23/2023

Lower Arch

OPTION A

Existing restorations will be removed to place the Bioclear restoration. Important step to
ensure monaelithic color unity and strength to the Bioclear restaration,
« ! pisassembly
. Tooth #30 $150
o Tooth#31 S150
@ Posterior Overlay: Replace existing failing restorations, cracked tooth, rejuvenation of
toath appearance and color.
* Bioclear Posterior Overlay
o Tooth #30 5836
o Tooth #31 5836

> BIOCLEAR

3402 South 38" Street, Tacoma, WA 98409
1 253-474-T635 E: Patient@BicclearClinic.com

Patient Name: Julian R.
Treating Doctor: David Clark
TX Date: 10/23/2023

Lower Arch
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OPTION A

Existing restorations will be removed to place the Bioclear restoration. Important step to
ensure monolithic color unity and strength to the Bioclear restoration.
o ! Disassembly
o Tooth#30 $150
o Tooth#31 5150
:@ Posterior Overlay: Replace existing failing restorations, cracked tooth, rejuvenation of
tooth appearance and color.
¢ Bioclear Complex Posterior Overlay
w  Tooth# 30 $1,200
u  Tooth# 31 $1,200
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PIgRY

We show her the patient book and cracked teeth

pamphlet. Go straight to page 42. Then she
chooses a crown or Bioclear. She will get a little
insurance coverage for Bioclear. (We are PPO



Getting paid to be conservative

VS. CROWNS to prepare for a crown or veneer, the Bicclear Method of
erscencing tae natural tooth sructure retains the natural
AN D VE N E E Rs tooth enamel anc tootn curabitity.

Binclear is an allemalive o bradilional denia melhods

for enhancing 2 smile. Rather thar grinding down 3 tooth

BIOCLEAR PREPARATION
Bioclcar 2 lows dentists to conserve

1ezlzhy wooth structure

CROWN PREPARATION

Crowrs coquiqe dertists to remove an average of 76%
ofthe tooth structures prior ¢ the procedure
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LOOK AT CROWN
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Julia’s overlay treatment images
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Time to harmonize the occlusion




Before Harmonizing After Harmonizing




Remember that composite absorbs 1% of its volume in water
in 24 hours, so you need HYPO OCCLUSION on composite




6 week
follow up




2.5 year follow up




What are the modern
occlusal cavity preps?

1. Fissurotomy

2. Calla Lily

3. Flattened Calla Lily
4. Cuspal Overlay



What are the modern
Interproximal cavity preps?

1. Opportunistic Class I

2. Clark Class Il...double serpentine,
additive and compression based

3. Clark Class Il plus Lateral Partial
Cuspal Overlay
























1 year follow up




1 year follow up




2 year follow up
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12 year follow up




12 year follow up




An Extreme Calla Lily Clinical
Case



' Patient heard a loud SNAP when he bit on a
seed and now has severe cold and percussion

pain







Stoma on ‘

Facial

Normal
Probing
Depth















18 month follow up















“Build a bridge
from buccal to
lingual, and the
crack(s)
becomes
dormant.”

Before

Before



“That's It”







“David that’s not going to work, do a crown.”

Stress/Strain Concentration

*Abrupt changes in geometry

*Mismatches in mechanical
properties

*Concentrated loads




Elastic Modulus (GPa) Poisson’s Ratio Effective Shrinkage Strain*

Composite 10 0.3 0.34%
Dentin 0.2 NA
Enamel 0.23 NA

Gold
Zirconia

[1] Alex SL Fok, Dent Mater, 2013



= Why things break...

= Modern cavity preparations

= |njection Molding of composite

= FEA of both load and shrinkage

= Long term outcomes & case studies

* The Bioclear Method as a “3" option”

="\When to do endo, when to extract



= Why things break...

= Modern cavity preparations

= |njection Molding of composite

= FEA of both load and shrinkage

= Long term outcomes & case studies

* The Bioclear Method as a “3" option”

="\When to do endo, when to extract
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Clinical Research

A Six Year Evaluation of Cracked Teeth Diagnosed with
Reversible Pulpitis: Treatment and Prognosis
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Clinical Research
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1) Is the pain spontaneous?




2) Does the pain to cold and
biting linger? (past 5 seconds)
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3) Has the pain ever woken
you?
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4) Lingering pain to heat?




pathosis™? (Krell's lexicon)




» Spontaneous Pain”? Do the endo

» Pain to heat that lingers? Do the Endo

 Pain that wakes you at night? Do the endo

 Pain to cold and chewing that lingers for more
than a minute or two”? Do the endo
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Big picture:

Cracked teeth
with R.P. don'’t

necessarily
need endo.




Big picture:

Bioclear
Composite
Overlays have
shown immediate
elimination of
symptoms™



Big picture: If you
give up and do a
crown, prepare,
Impress and
temporize normally
but wait 6-8 weeks to
seat crown




Big picture:

PROBE!
PROBE!




What Is our most
reliable clinical test for
irreversible pulpitis?

PERCUSSION TEST,
and REPEAT




Which tooth is cracked?




Which tooth is cracked?






















ear facet so deep
it there is a
ging

JIi




|s this pocket
from chronic
food impaction
or from the
crack?
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Learning Objectives from the Case:

e Don’t sweep the contacts*®

* 3 mm thickness over the crack

 Build a bridge from buccal to lingual

e The crack becomes dormant

* “Harmonize” the opposing w/ consent =S |

 |f food impaction continues, so will pain
and pocketing

 Contact techniqgue works for other
problems**

* We need a powerful separator




Pre-op, post op, and 3 year follow up ~ BIOCL EAR

© Bioclear 2021. All rights reserved.



Are all
Separators
Equal?

NO!




Stretched to 20mm ONCE!!!




And now most of
the power is
permanently lost

" Once the yield of the metal/shape is reached, the
metal undergoes plastic deformation




Stretched to 20mm Twenty Times




Stretched to 20mm Twenty Times




TwinRing Universal > BIOCLEAR




TwinRing Universal > BIOCLEAR

How do we win the
Snug Contact Game?
 Power

o Strategy
* Technique



TwinRing Universal > BIOCLEAR

How do we win the
Snug Contact Game?



Workspace

Scroen

te Lawson DMD PhD




TwinRing Universal Instron Comparison . BIOCLEAR

30 N~
25 N [~
20N —

15 N

10N [

5N

TwinRing Triodent Garrison riodent Ultradent
Universal Yellow Qrange Green (1N}
(29 N) (19 N) (18 N) (14 N)

Note: Rings tested are not new and some rings stretch out quickly and lose up to half of their power after multiple uses. TN = Tkg (m/s/s)
© Bioclear 2021. All rights reserved. 252



The slip-off test
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CBIOCEEAR

Bioclear
Matrices -
Posterior



O BIOCEEAR

- VOLVE
MATRIX

n—




2 BIOCLEAR
Premolar

EVOLV

MATRIX



In this case based lecture
today we explore:

e Coronal (vertical and cuspal) Fracturing
* Snap-Off Fracturing
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A different
toothache
patient we saw
recently...
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Basics of Solid Mechanics

‘ .
All solid structures can be

considered as an assembly of
many interconnected springs.




Stress/strain concentration

This occurs at
* Abrupt changes in geometry
* Mismatches in mechanical properties
* Concentrated loads




What is the percent of
coronal volume removed In a
conservative full porcelain
crown preparation?



All Ceramic All Ceramic All Ceramic
~3/4 Crown .8 Margin 1 mm Margin 1.4 mm Margin

23.0 70.4 74 .1 75.9

34

Edelhoff D, Sorensen JA.
1 Structure Removal Associated with Various Preparation Designs for Posterior Teeth.
Int J Periodontics Restorative Dent 2002; vol 22; 3: 240-249.
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Is monolithic injection molded
composite a viable alternative to full
ceramic crowns in some cases?

You be the judge of that



L BIOCLEAR

Recommended
Bioclear Matrices
by Indication

For more information contact us

Bioclear Matrix Systems
1-855-712-5327

TSS Kit

Anterior Teeth:
Class lll, Class IV, Class V
Fractured Incisors
Severe Wear
Composite Veneer
Full Composite Crown

\

360 Veneer

Class V and to significantly increase
overjet or correct anterior open bite.

-
-

—
\B=

BT (Black Triangle) Kit

Anterior Teeth:
Black Triangles
Peg Laterals
Diastema Closure

Instant Ortho
Class V

Evolve Matrix Kit

Posterior Teeth:
Class |, Class Il, Class V



TSS The next generation

of anterior matrices:
We're taking the
TOOTH & SURFACE SPECIFIC

MATRIX SYSTEM guesswork out of to
matrix selection
BY >C BIOCLEAR

a
@
z |
g

a
@
=
@

| I | | Contact your Bioclear Sales Rep to Pre-Order

140 Anterior Matrices 75 Wedges

#6 through #11 in Mesial & Distal 25 Small Wedges
1.855.712. 5327

Small & Medium Lower Incisor 50 Medium Wedges

WWW.BIOCLEARMATRIX.COM




The TSS system is for small and large anterior
restorations, broken teeth and anterior esthetic veneering
when you DO NOT have a black triangle or diastema

X BIOCLEAR

Tooth & Surface Specific

TSS ANTERIOR MATRIX SYSTEM
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Khairul’s regular dentist restored the tooth, but the
patient was unhappy with the outcome. Khairul
had two major complaints and one major concern:

*The restoration shreds floss i ol
*The restoration is the wrong shape) s §
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* The restoration is th \
e He does NOT want
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MATRIX SYSTEM
BY 2C BIOCLEAR

[ | '!'5
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The next generation
of anterior matrices:
We're taking the
guesswork out of to
matrix selection

WWW.BIOCLEARMATRIX.COM
1.855.712,5327
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( Central Width
7.0mm

7.5mm

8.0mm




Before we started the procedure, | let Khairul
know that the composite on the 11 had turned a
bit yellow.

| also let him know that it is impossible to get a

natural teeth.

| always ask the patient, “Do you want me to err
on the light side or the dark side with shade? We
can always bleach the natural teeth later and
replace older yellowing composite on other teeth
with a more color stable composite”.

He chose to err on the light side in terms of shade
selection.
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Immediate post-op. He asked for floss. It flossed
perfectly. The patient loved it, hugged me and later
posted marvelous reviews on Google




post-op view



















“Dentistry’s
last great
mystery, that
of fracturing, Is

The Epidemic of Cracked and Fracturing
Teeth

i —— understood

process."”

>
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The Epidemic of Cracked and Fracturin
Teeth
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ONE OF THE ENDURING
FIRST IMPRESSIONS OF

¥ CLINICAL MICROSCOPE
DENTISTRY IS THE

| STAGGERING ARRAY OF
o— CRACKS THAT ARE
SUDDENLY VISIBLE

Clark, D.J., Paquette J., She C.. Jour
Denhs ; -_-,',_A",.J-, N, 200




Nature does
hothing
uselessly.

Aristotle 322 BC






Enamel and dentin have
radically different physical
characteristics, as do their

corresponding cracks.



12X



12X



Which enamel crack is “native”, which
crack is indicative of underlying
pathology?
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Skt

* Vertical Crack End Stage:
: Complete Tooth Fracture
(split tooth)



Endstage Oblique Fracture
Cuspal Fracture




Enamel and dentin have
radically different physical
characteristics, as do their

corresponding cracks.




Which enamel crack is “native”, which
crack is indicative of underlying
pathology?




Nomenclature a
lassification System for
Enamel Cracks

s

Have little or no risk of
ing pathology




Type I: Have little or no risk of

underlying pathology

‘A) Craze lines

~ B) Small vertical cracks

C) Cracks that follow natural anatomic
grooves

- D) Cracks with superficial stain penetration

S W 1 -
= - : ~
] %, =

Nomenclature and
classification of
enamel cracks




s
i

Type I: Have little or no risk of |
underlylng pa’rholon

e T
F) Cracks Resul’rmg from
Polymerization Shrinkage of
Composite
G) Enamel Crackling in Aging, Thin,
Cervical Enamel

Nomenclature and
classification of
enamel cracks




Craze Lines

A%
e

e = Linear
« Perfectly vertical —h
e Never extend into dentin

e Don’t house debris or
have halos

Can look dramatic but
Nomenelar e are never structural

classification of
enamel cracks




Craze Lines

Do notwidenas —
they extend
toward the
occlusal

Nomenclature and
classification of
enamel cracks




C. Cracks that follow anatomic
grooves

{
-

Nomenclature and
classification of
enamel cracks




C. Cracks that
follow natural
anatomic grooves

D Superficially
Stained Cracks

Nomenclature and
classification of
enamel cracks




Type IT: Have moderate risk of

underlymg pa’rhologx

A) V-shaped enamel dltchmg with no
adjoining restoration often associated with a
wear facet centered over an otherwise
benign crack

B) V-shaped enamel ditching with a prior
restoration often associated with a wear
facet centered over an otherwise benign
crack

C) Cracks that detour from or do not follow
natural anatomic grooves




B. V shaped ditching

Nomenclature and
classification of
enamel cracks




C. Non linear cracks that detour

from or do not follow natural
anatomic grooves




Type II: Have moder;Te risk of p—

underlymg pa’rhologx_

, .
A) V- shaped enamel dltchmg with or
without an adjoining restoration often
associated with a wear facet centered over
an otherwise benign crack

B) Cracks that detour from or do not follow
natural anatomic grooves




























Type IIT: Have hih risk of
pathology

2

« A) Diagonal cracks branching off a
vertical crack

 B) Horizontal or diagonal cracks that
emanate from the corner of a
restoration

|+ C) Cracks that house debris
B . D) The tooth looks gray

Nomenclature and
classification of
enamel cracks

fores.



A. Diagonal cracks




B. Diagonal cracks
that emanate from
the corner of a
restoration

Nomenclature and
classification of
enamel cracks







A Two Year Study 2001-2003

120 Teeth
24 months

Every tooth treated
restoratively
examined at 16x after

70
601
50|
40|

Oblique

M Vertical




A Two Year Study
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(Incomplete 601
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A Two Year Study
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* The third leading cause of tooth loss today is from
S pI itS/fra CtU reS . (Lynch CD McCinnel RJ. The cracked tooth Syndrome. J Dent Assoc Sept 2002; 68(8):470-475)

» Crack initiation and progression should not be labeled a
“‘syndrome”

~ » Diagnosis and treatment should be similar to approaches
- we utilize to address other pathologies (i.e. caries,
periodontal disease)




Nomenclature and
classification of
enamel cracks






















B. Horizontal cracks




C. Crack that houses debris







Nomenclature and
classification of
enamel cracks




D. Pair of cracks that outline an area (cusp or
marginal ridge) of discolored enamel




E. Crack with corresponding halo of
brown, grey or white centered on
crack




E. Crack with corresponding halo of
brown, grey or white centered on
crack




Other Microscopic Findings'That Can
Indicate a Lack of Co al Structural
Int g

Unusual or asymmetric gapping of
filling material

Crack in Filling material

Gray discoloration of a cusp or
cusps









































































Occlusal view of distal




INitiql

appointment
3-6 month

wait with
temp crown



4 month
wait







The Old Cracked Tooth
Classification System...

Was Based on Symptoms
and Conjectiure




FEATURE ARTICLE ))

Roxonne P. Benisan, DMD, MS »

Epidemiologi
third most co
countries. This
syndrome is o

Cracked

tooth syndrome
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cold food or drink. The problem with waiting for
symptoms to_develop before a diagnosis is made

pnd-stage crack progression,

o ive treatment.
The emergence of the dental microscope has
been a tremendous aid in the diagnosis and
treatment of cracked teeth. The routine, methodical




“‘Build a bridge
from buccal to
lingual, and the
crack(s)
becomes
dormant.”
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BIOCLEAR
VS. CROWNS
AND VENEERS

BIOCLEAR PREPARATION
Bioclear allows dentists to conserve
healthy tooth structure

Bioclear is an alternative to traditio
for enhancing a smile. Rather than
to prepare for a crown or veneer, th
ensconcing the natural tooth struct|
tooth enamel and tooth durability.

= ;

= Gl

= REJUVENATE. < 8
= CONSERVE.

= PROTECT, L 3

= e —ilig

= -

'!i

‘ Yy :

\ o ,

e conservative

CROWN PREPARATION

Crowns require dentists to remove an average of 76%

of the tooth structure prior to the procedure

VENEER PREPARATION
Veneers require dentists to remove an average of 47%
of the tooth structure prior to the procedure

AN HONEST
LOOK AT CROWN
PREPARATIONS

As illustrated below, crowns, veneers, and
onlays require the removal of a significant
amount of healthy tooth structure.
Bioclear dentists can leave most or all

of the tooth structure. Bioclear is a very
attractive option to patients.

bl

Full Crown

~3/4 Crown
47% of tooth 76% of tooth
removed removed

? Tooth removed

Remaining tooth
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Treat yourself to a weekend with >C BIOCI E AR

BLACK TRIANGLE

CERTIFICATION COURSE

18 CE CREDITS

This three-part live hands-on certification course will teach you how to treat black triangles, gingival recession,
root abrasions, and perform confident restorations. In becoming a certified Bioclear black triangle doctor,
you’ll increase your overall skill and knowledge of Bioclear and learn to market your new skills to patients.

Upcoming Dates:

Denver
October 9t 2026

Walnut Creek
August 215 2026

Limited spots available!



Scan to learn more

& sign up for your
local BT Course! \
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| have a small
problem...

Full Faculty at the
Bioclear Learning enter
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» Selective Caries Removal

» Calla Lilly Compression Based Cavity
Preparation for a Cracked Tooth

* Deep Margin Acquisition

» Dealing with a Furcation
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o What changed between pre
- and post rubber dam photos?
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The new “Long Diamond Wedge” Available

in all five Diamond Wedge shapes/\

Long (Double-Hump) Furcal Wedge










line of Radius Bev "



l
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After Blasting and Final
Radius Beveling




























Miles ahead of everybody else for Bulk Fills
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Discussion:

Polymerization
shrinkage stress and
cuspal deflection is

very real but
challenging to
explain




Discussion:

The volume of composite,
and residual strength of
the tooth are key players.
If half of tooth is missing,
e there is a good sized
hole in the occlusal or
Interproximal, we are
recommending Filtek One
(bulk fill paste) plus GC
bulk flow or Filtek bulk
flow.




Discussion:
If you we have a fair
amount of dentin
removed, we need Filtek



Miles ahead of everybody else for Bulk Fills
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Last week’s attendees at the
certification course
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