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INTRODUCTION

“Control what you can control” ~Andre Agassi

he standard of practice of mainstream end-

odontics has traditionally focused on the in-

strumentation, disinfection and obturation,
while paying less attention to the restoration that
follows root canal treatment.! Despite many new
advancements over the past six decades — including
newer instruments, disinfection technologies and
obturating materials — endodontic outcomes have
not improved significantly.? This has led to an on-
going retrospection within the field of endodontics
and an emerging focus towards expanding proce-
dural steps that can be controlled by the endodon-
tic clinician. Indeed, the importance of immediate
placement of the permanent restoration following
root canal treatment to improve patient-centred
outcomes has been highlighted recently.’ Patient-
centered outcomes relate to variables that matter
to patients.” In the context of endodontics, a cen-
tral component of patient-centred outcomes is the
long-term asymptomatic and functional retention of
endodontically treated teeth (ETT).> Extractions of
ETT, in order of prevalence, are mostly associated
with restorative failures, recurrent caries, compro-
mised periodontal support, and vertical root frac-
tures with causes of true endodontic origin often at
the bottom of the list.*?® This realization is forcing
clinicians to critically appraise what comprises the
standard of practice in contemporary endodontics.
It has become apparent that the immediate restora-
tion of endodontically treated teeth is the primary
factor that can improve patient—centered outcomes.
Important factors related to the immediate restor-
ative management of ETT include the selection of
appropriate core build-ups, deep margin manage-
ment and matrix adaptation, cementation of posts,
placement of long-term direct restorations, commu-

nication with the restorative dentist regarding the
indirect restoration and dentin conservation. Some
of the principles of dentin conservation with regards
to access design — such as incisal, restorative/caries-
leveraged, stepped and “truss” accesses — and con-
servative instrumentation of the root canal system
were described in our previous articles.?*° Arma-
mentarium and techniques for the above remaining
restoratively-focused factors are discussed in more
details in this article.

RESTORATIVE MATERIALS

As clinicians, we all see a variety of dental treat-
ments in our patients. Astute clinicians are highly
skilled at collecting individual patient-level data
about their dental histories and relating it to the dy-
namics of any prescribed dental work, patient hab-
its, integrity of restorative materials over a period
of time and if patient needs have been met. This
mindset allows for providing solutions for what is
needed instead of what should be prescribed.
Currently, amalgam and composite resins are the
two available materials for the clinician as perma-
nent direct restorations; with the use of amalgam
declining over the years and even being completely
removed from many dental practices globally. His-
torically, amalgam was the workhorse restorative
material in dentistry for over 200 years. Its ease of
use, marginal adaptation, moisture forgiveness and
evidence for longevity has set a gold standard for
direct restoratives. Historically, cavity preparations
for amalgam were designed within the G.V. Black
paradigm of “extension for prevention”,'® and were
aimed to provide an adequate depth of amalgam
for resistance form while undercuts and dovetails/
slots/grooves were placed for material retention
at the expense of removing sound tooth structure.
Over time, repeated restorative procedures resulted
in cavity preparations becoming progressively larger
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and cusps failing from fracture under re-
peated occlusal load. It is important to
distinguish the incorrect inference that
amalgams cause crown fractures versus
amalgams being associated with crown
fractures due to progressive loss of re-
maining tooth structure.

Composite resins were first introduced
in the 1960’, primarily to overcome
tooth-related fractures associated with
amalgams while providing an excellent
esthetic result. Composites have un-
dergone frequent evolutionary changes
over the last 60 years to improve upon
bonding properties as well as material
strength. In one aspect, the promise of
composite was to eliminate tooth-relat-
ed fractures. However, it has also been
plagued by marginal discrepancies due to
polymerization shrinkage, complications
with layering technique, and moisture
contamination during placement; thus
leading to a higher incidence of second-
ary caries.”” Initially, composite cavity
preparations were also taught to mimic
that of amalgam preparations, where
additional removal of tooth structure is
counterintuitive if bonding is utilized.
Presently, more conservative preparations
with rounded internal line angles are rec-
ommended, as is utilizing and beveling
any enamel at the cavosurface margins in
order to further enhance bonding.

The choice to place an amalgam or
composite restoration should be based on
individual tooth requirements rather than
applying a one-size-fits-all methodology.
It is important to note that both amalgam,
and to a lesser degree composite resin, have
raised concerns over material safety. Amal-
gam has been repeatedly subjected to ques-
tions and concerns of potential mercury
toxicity, where arguments have leaned to-
wards a direct causal relationship for kid-
ney and neurodegenerative diseases,'® but
the epidemiological evidence is still lack-
ing and calls for further long-term assess-
ments. It is interesting to note that dental
amalgam is also one of the ‘three modern
faces of mercury” with the other two being
methyl mercury in fish and ethyl mercury
(thimerosal) as a preservative in vaccines .
Composite resins have also raised health

concerns for the presence of Bis-phenol A
and its derivatives of Bis-GMA and Bis-
DMA where scientific debates have leaned
towards associated reproductive and immu-
nological disorders where BPA leaches out
of composite restorations in small quantities
over time.”>*! Similar to the reasoning to
that of amalgam, the purported causal rela-
tionships are lacking, and research calls for
better designed studies to show if there are
any adverse health outcomes, hence there is
currently insufficient evidence to label both
materials as unsafe for use in dentistry.

CORE BUILD-UPS
RESINS

The first step involved in the placement of
deep core build-ups is the cleaning of the
pulp chamber. This can be achieved using
ethanol and then 17% Ethylenediamine-
tetraacetic acid (EDTA) and scrubbing
with a micro-brush followed by a water
rinse. For composite resin core build-ups,
tollowing etching procedures, a dual-cure
bonding agent such as Futurabond U
(Voco, Cuxhaven, Germany) or Clearfil
Photobond (Kuraray Dental, Tokyo, Ja-
pan) is applied. Care should be taken to
thoroughly apply the bonding agent for
at least 20 seconds on all walls of the ac-
cess cavity. Gentle air drying followed by
the removal of any pooling of bond using
paper points before curing will minimize
both the acceleration of curing of the dual
cure composite and the presence of a ra-
diolucent line on the post-operative radio-
graph. A dual-cure composite resin ma-
terial, such as Luxacore Z Dual (DMG
America LLC, New Jersey, USA), Re-
bilda DC (Voco, Cuxhaven, Germany) or
Clearfil DC Core Plus (Kuraray Dental,
Tokyo, Japan), is then used to build up the
core. In order to increase ease of placement
and mitigate the presence of voids, Ac-
cuDose NeedleTubes (Centrix Inc, Con-
necticut, USA) are recommended. The
material is loaded into the tube (20 gauge
for larger cavities and 24 gauge for smaller
spaces), the tube is placed into a composite
gun and the tip of the tube is positioned
at the bottom of the access cavity, ensur-
ing to touch the floor of the chamber and
the gutta percha at the orifices. (Fig. 1)

ENDODONTICS

The material is expressed at a constant
rate, making sure to slowly retract the tip
of the tube, while keeping it immersed in
the expressed material at all times. Once
the cavity is filled, the material is allowed
to chemically cure for one to two minutes;
this is a critical step to mitigate against
separation of the core material from the
dentin bonding agent. This approach also
works predictably for “truss” (Fig. 1) and
contracted access cavities (Fig. 2) as well
as post spaces. Light curing and finish-
ing using the appropriate burs can then be
completed. Long-term exposure of dual-
cure composite resin material to the oral
environment is not recommended. There-
fore, as we will discuss later, light cured
composite resin material should be used in
cases where an indirect restoration will be
delayed or not placed at all, and in Deep
Margin Elevation (DME) cases.

AMALGAM

For amalgam cores, small carriers and
pluggers are recommended in order to place
the material into small spaces (e.g. canal
orifices or contracted access cavity). When
considering which type of amalgam to use
(e.g. spherical or admix), spherical amalgam
is recommended as less condensing force
is required, making its placement easier.
Once condensed and the initial set has been
achieved, the restoration can be contoured
and carved to finish. Spherical amalgam
is easier to carve and polishes better than
admix amalgam (Fig. 3) It is recommended
to create adequate occlusal contacts with
primary occlusal anatomy, especially when
an indirect restoration is not planned or will
be delayed. (Fig. 4) Following removal of
caries and existing restorations, generally,
if more than 2/3 of the intercuspal width
is missing, it is recommended to reduce the
cusps by 1.5mm to 2mm, and then overlay
with restorative material. (Fig. 5) This will
reduce the risk of a cuspal fracture.

AESTHETIC CROWN ACCESS REPAIRS

For cases where an access through a
porcelain crown needs to be repaired,
hydrofluoric acid such as Porcelain Etch
(Ultradent, Utah, USA) in conjunction
with a coarse diamond bur is carefully used
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1A. & B. AccuDose NeedleTube (Centrix Inc, Connecticut, USA). C. The tip of the tube

is placed on the floor of the chamber before starting to dispense. D. For “truss”
access designs, E. placement of core build-up is completed by placing the AccuDose
NeedleTube in one of the two access cavities (red arrow) and dispensing the dual-
cure composite resin until the material flows under the “truss” and out of the other
access cavity (white arrow). 2. Case of Dr. Bobby Nadeau. A. Upper 2nd premolar
diagnosed with Irreversible Pulpitis due to a crack. B. Contracted access.

C. A dual cure composite resin is used as a core build-up and the conservative access
cavity is restored using a light-cured composite resin. D. Post-operative radiograph
showing void free restoration. 3. Case of Dr. Viraj Vora. A. Lower right molar with
pulp necrosis. B. Post-operative amalgam restoration. Three year C. radiographic and
D. clinical follow-up. 4. Case of Dr. Dale Jung. A. Post-operative radiograph.

B. Primary occlusal anatomy is carved. C. Minimal occlusal contacts are on the
restoration for the short term. D.&E. and F. Patient returns for a 2-week bite check:
Occlusion is adjusted to provide ideal centric occlusal contacts on functional cusps
and minimal or no contact on nonfunctional cusps in excursive movements.

5. Case of Dr. Viraj Vora. A. Following access cavity and caries/old restoration removal,
the remaining disto-lingual wall is thin, weak and more prone to structural failure
(red arrow). B. The disto-lingual wall is reduced by 1.5mm to 2mm (blue arrow) and

C. covered with restorative material (white arrow). D. Post-operative radiograph.
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6. Case of Dr. Bobby Nadeau. A. Lower molar with Irreversible Pulpitis. Following root canal treatment,
the Zirconia crown cavosurface is roughened using a diamond bur and B. hydrofluoric acid.

C. The access cavity is repaired using a light-cure bonding agent and bonded composite resin.

D. Post-operative radiograph. 7. Case of Dr. Viraj Vora. A. Gingival tissue overgrowth obstructing the
gingival margin B. is removed using System B (Kerr Dental, California, USA) cauterization.

to etch the porcelain surface at the cavo-
surface margin. Care must be taken not to
contact soft tissue with hydrofluoric acid.
This is followed by the application of silane
(Ultradent, Utah, USA) to the porcelain
prior to the bonding agent and composite
resin material of choice. An opaque com-
posite resin such as Ceramage (Shofu, Ja-
pan) followed by a light-cured composite
resin such as Filtek Supreme (3M, Minne-
sota, USA) is recommended. Bonding to
zirconia can be more challenging. Thus for
zirconia crown, roughening of the surface
using a diamond bur and/or air abrasion is
important. This is followed by the applica-
tion of a zirconia primer such as Clearfil
Primer Plus (Kuraray Dental, Tokyo,
Japan) prior to applying the bonding
agent. (Fig. 6)

DEEP MARGIN MANAGEMENT AND MATRIX
ADAPTATION

In the pursuit of favourable patient-cen-
tered outcomes, it becomes even more
critical to manage the restorative aspects
optimally in cases with deep interproximal
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caries. The progression from the manage-
ment of simple occlusal restorations to a
deep, challenging margin management
requires a thorough understanding of
techniques and armamentarium. The first
step involves the mandatory use of mag-
nification and field illumination together
with unobstructed rubber dam isolation.
Clamping a distal tooth and the use of a
split dam is recommended. Alternatively,
following caries removal, a new rubber dam
with each tooth isolated individually can
be used. However, poorly contoured res-
torations or severely worn teeth can make
isolation of individual teeth challenging
and can often result in a torn rubber dam.
Once caries and defective restorations are
removed, the next step is to gain full ac-
cess to the cervical cavo-surface finish line.
This requires the removal of any soft and
hard tissue obstructions. A gingivectomy
can be performed using System B (Kerr
Dental, California, USA) cauterization: a
#12 large tip or #6 medium tip is used at
400°F to gently brush the gingiva. (Fig. 7)
The tip is frequently cleaned using a gauze

to remove any adhering tissue. Alternative-
ly, a fine chamfer 016 bur on high speed or
a cauterizing laser can be used to remove
obstructing gingival tissues. The presence
of any bone obstructing access to the mar-
gin also needs to be removed. Minimally
invasive osteotomies can be performed us-
ing diamond burs on high speed without
air. The key is to remove any hard and soft
tissue that will obstruct the gingival place-
ment and adaptation of a matrix. Bleeding
control is critical, especially if a bonded
restoration will be placed. This is usually
achieved with cauterization or alterna-
tively, with the use of a hemostatic agent
such as ViscoStat Clear (Ultradent, Utah,
USA). Local anesthesia with 1:50,000 epi-
nephrine injected proximal to the cautery
site can also help control the bleeding.
Once a controlled access to the deep
margin is achieved, the next step involves
the selection and placement of a matrix.
If amalgam is used, the matrix will re-
quire adequate stability in order to resist
condensation forces without movement.
This can be obtained with a Tofflemire



8. Case of Dr. Bobby Nadeau. A. and B. Upper first molar with deep caries and a necrotic pulp. C. After caries excavation, PTFE is used to
block the access to the pulp chamber and to help closing the distal root concavity under the Tofflemire band. D. A pre-endodontic build-up

is placed. E. Cleaning and shaping is safely completed. F. Placement of inter-appointment calcium hydroxide. 6. Root canal treatment is
completed and Tor VM matrices (Moscow, Russia) are adapted using wedges and secured with Opaldam (Ultradent, Utah, USA) (red arrows).
H. A composite resin build-up is placed. I. Post-operative radiograph. 9. Case of Dr. Dale Jung. A. & B. Upper first molar with deep distal caries
and pulp necrosis. C. Greater Curve Wide matrix supported by PTFE and wedge. The distal root concavity is closed with PTFE (red arrow).

D. Post-operative bitewing. E. & F. 1 year follow-up. 10. Case of Dr. Viraj Vora. A. Lower molar with pulp necrosis and deep recurrent caries.

B., C. & D. Crown is removed and access completed. E. A copper band is selected, adapted and supported by Opaldam (Ultradent, Utah, USA)
to allow for the condensation of amalgam. F. Post-operative radiograph. 6. and H. 1 year follow-up. 11. Case of Dr. Viraj Vora. A. Upper molar
with Irreversible Pulpitis. B. After placement of the matrix band, heated gutta percha is used to closed the gap caused by the root concavity

(red arrow). C. Amalgam restoration with carving of primary anatomy. D. Post-operative radiograph.
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matrix band and a tightly fitting inter-
proximal wedge. Alternatively, for either
amalgam or composite, sectional matri-
ces such as Tor VM (Moscow, Russia)
(Fig. 8) or Greater Curve (Cincinnati,
USA) matrix (Fig. 9) can be used with a
wedge. Amalgam interproximal contacts
rely on appropriate separation of adja-
cent teeth. Therefore, the largest wedge
that allows for adequate separation is

required. If dentin walls are missing at
the line angles, materials such as PTFE
(Teflon) tape or a light-cured resin bar-
rier such as Opaldam (Ultradent, Utah,
USA) can be used to provide additional
stability to the matrix. In some cases, a
well-adapted copper band provides the
most ideal method to obtain a stable
matrix for condensation of amalgam.
(Fig. 10) Root concavities may lead to

poor adaptation of the matrix. This can
be rectified using PTFE tape (Fig. 9) or
heated gutta percha. (Fig. 11)

In cases where the adaptation of a ma-
trix cannot be achieved due to the com-
plexity of the case, the use of a copper ring
or a custom matrix approach is required: a
light-cured resin barrier such as Opaldam
(Ultradent, Utah, USA) or Kool-Dam
(Pulpdent, Massachusetts, USA) is flowed
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12. Case of Dr. Bobby Nadeau. A. Lower second molar with deep caries
and pulp necrosis. B. Gingivectomy is completed. C. Following root
canal treatment, a custom resin matrix (red arrows) using Opaldam
(Ultradent, Utah, USA) is used to placed the amalgam core.

D. Post-operative radiograph. 13. Case of Dr. Dale Jung.

A. Upper first molar with deep distal caries and pulp necrosis.

B. & C. After completion of root canal treatment, a sectional matrix
is stabilized with Opaldam (Ultradent, Utah, USA). D. Post-operative
radiograph. E. Post-operative clinical image. F. 2.5 year follow-up
showing placement of crown margin on restorative material on the
distal aspect (red arrow). 14. Case of Dr. Viraj Vora with indirect
restoration by Dr. Raymond Zhu, Maple, Ontario. A. Post-operative
radiograph of a root canal treatment on a lower first molar with
DME using composite resin on the distal aspect. B. 4 year follow-up
radiograph showing placement of crown margin on composite resin

material (red arrow).

in the interproximal areas and cured. A di-
amond bur is then used to expose the fin-
ish line of the cavity preparation and create
a negative space into which the future core
will be placed. (Fig. 12) This approach
will not restore an interproximal contact
and can be used to manage deep margins
in cases where an indirect restoration is
planned in the near future.

If sub-optimal moisture control is
present, amalgam should be considered
as the material of choice. In cases where
composite resin is placed, the above tech-
niques can be used to adapt a matrix. Al-
ternatively, the Bioclear Method, which
will be discussed in more details later in
the article, can be applied.

Ideally, if amalgam or a dual cure
composite resin material is used, the
deep margin along with the access cav-
ity should be restored as a unit follow-
ing obturation of the canals. In order to
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achieve proper intra- and inter-appoint-
ment isolation, a pre-endodontic build-
up may be required. A glass ionomer
material such as Fuji II (GC Dental,
Tokyo, Japan) can be used along with
the above techniques for proper mar-
gin management. Care should be taken
to block the access to the canals using
Cavit (3M, Minnesota, USA) or PTFE
tape while placing the pre-endodontic
build-up material. (Fig. &)

DEEP MARGIN ELEVATION (DME)

A different approach may be taken if a
Deep Margin Elevation (DME) pro-
cedure is planned. DME involves the
coronal elevation of a deep margin to a
supragingival position either using amal-
gam (Fig. 13) or composite resin (Fig.
14).2 The supragingival position of the
elevated margin allows for better isola-
tion for direct restorations, optimal im-

pressions of crown preparations and eas-
ier removal of excess cement after crown
cementation. As opposed to traditional
crown lengthening procedures, DME
is less aggressive and appears to be well
tolerated by the periodontium both clini-
cally and histologically.?® Once a matrix
is properly adapted and optimal isolation
is achieved, the pre-endodontic build-up
is completed using a light-cured bonded
composite resin. After the completion of
endodontic treatment, a separate bonded
core build-up is placed and adapted to
the existing permanent pre-endodontic
build-up. As mentioned, amalgam can
also be used for DME (Fig. 15) and can
seal the tooth long-term due to the tight
restoration-tooth interface. The longevity
of amalgam is due in part to the ability
to burnish and polish amalgam result-
ing in a well-sealed restoration. Addi-
tionally, silver ions are known to have
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15. Case of Dr. Viraj Vora. A. Upper molar missing significant amount of tooth structure.

B. & C. Retreatment is completed and D. a combined Tofflemire band and custom
resin matrix is used to to place the amalgam core. E. The distal crown finishing

line is prepared on restorative material. F. Post-operative radiograph.

6. & H. Crown with distal margin placed on the restorative material. Soft tissue health
is maintained at the 1year follow-up. I. 1 year and J. 3.5 years radiographic follow-up.
16. Case of Dr. Viraj Vora. A. Upper premolar with deep recurrent caries and apical
periodontitis. B. The crown is removed, retreatment completed and the

deep margins isolated using a Tofflemire band supported by a resin matrix.

C. Two fiber posts are cemented and D. rough crown preparation completed.

E. Post-operative radiograph and F. 18 months follow-up. 17. Case of Dr. Bobby Nadeau.
A. Pre-operative radiograph of an upper second premolar with lack of ferrule on the
distal aspect. B., C. & D. Following root canal retreatment, the tooth is restored using a
metal post and composite resin core build-up.

bactericidal and bacteriostatic properties
so any bacteria that eventually leaks under
the amalgam does not necessarily prog-
ress to caries. Indirect restoration with
an elevated margins located on amalgam
or composite resin materials provides a
predictable option for the compromised
endodontically treated tooth.

CEMENTATION OF POSTS
A commonly held belief is that the pur-

pose of a post is to retain a core. If a post
is truly needed to retain a core, then
there are likely significant structural is-
sues with the tooth (e.g. minimal or lack
of adequate ferrule) and a short-term (<5
yr) structural failure should be expected,
depending upon the dentition and oc-
clusal scheme. The primary reason the
authors place posts is to mitigate the loss
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of structural integrity incurred, in part,
by endodontic treatment. A passively-
placed fiber or metal post offers greater
rigidity than composite or gutta percha.
With significant loss of coronal tooth
structure, placement of more than one
post is ideal. (Fig. 16) The authors rou-
tinely place posts in premolars and anteri-
ors, especially when the teeth are already
crowned, since they are more suscep-
tible to cervical snap-off failures. There
is increasing evidence that cementing
conservatively placed posts in endodonti-
cally treated premolars and anteriors may
translate to improved tooth survival.?*?
In cases where a lack of ferrule for the
future indirect restoration is anticipated,
including in compromised molars, a rigid
stainless steel post such as ParaPost (Col-

tene Whaldent, Ohio, USA) is recom-

mended. (Fig. 17) Alternatively, in an-
terior and premolar teeth with adequate
ferrule, one or multiple fiber posts may
be cemented. No or minimal post space
preparation is recommended, allowing for
maximal radicular dentin conservation.
The post space should be cleaned using
ethanol and a small microbrush prior to
application of phosphoric acid etch. If the
bonding system does not include any ma-
trix metalloproteinase (MMP) inhibitor,
the application of 2% Chlorhexidine so-
lution to the access cavity is recommend-
ed (26). After etching, a dual-cure bond-
ing agent such as Futurabond U (Voco,
Cuxhaven, Germany) or Clearfil Pho-
tobond (Kuraray Dental, Tokyo, Japan)
is applied. Gentle air drying followed by
the removal of any pooling of bonding
agent using paper points before curing
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18. Courtesy of Dr. David Clark. A. Classic G.V. Black “extension for prevention" preparation design. B. Classic class Il slot preparation for
composite resin. C. Clark Class Il preparation design for Bioclear restoration: aggressive radius wall on the occlusal (red arrow), rounded
external line angles via radius wall (blue arrows) and infinity edge margins with maximized enamel rod engagement with large area of
“additive dentistry” (green area). 19. Courtesy of Dr. David Clark. Steps involved in the Biolcear Method. A. Biofilm disclosing solution.

B. Biofilm removal using air polishing. C. Pre-wedging and cavity preparation refinement. D. Use of a clear, tooth form sectional matrix, tooth
form wedge and separation ring. Injection overloading using heated composite resin. Finishing and polishing using E. finishing discs,

18C

-

F. carbide bur, G. finishing point, H. polishing paste and I. polishing cup.

will minimize the acceleration of curing
of the dual cure composite. A dual cure
composite resin material, such as Luxa-
core Z Dual (DMG America LLC, New
Jersey, USA), Rebilda DC (Voco, Cux-
haven, Germany) or Clearfil DC Core
Plus (Kuraray Dental, Tokyo, Japan) is
injected using the 24 gauge AccuDose
NeedleTubes (Centrix Inc, Connecticut,
USA) into the post space and the entire
access cavity. The post(s) is then slowly
inserted, displacing excess resin, which is
then allowed to chemically cure for one
to two minutes before it is light-cured.
It is recommended to condition the fiber
posts with 24% hydrogen peroxide for 10

minutes prior to cementation.

LONG-TERM DIRECT RESTORATIONS

Due to a variety of reasons, the patient
may not be able to receive the recom-
mended indirect restoration following
endodontic treatment or a crown may not
be indicated at all. In cases where a long-
term direct restoration will be placed, in
addition to achieving adequate margin
closure, care should be taken to establish
optimal contours, interproximal contacts
and occlusal scheme. For amalgam res-
torations, specific attention should be
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given to proper burnishing of the matrix
to obtain smooth and tight interproximal
contour. Attention to details should also
be given during carving so that adequate
shape, contour and occlusal contact is
achieved. As opposed to pronounced oc-
clusal and cuspal anatomy (which only
the clinician can appreciate), patient re-
lated outcomes, such as a comfortable, in-
terference-free function in lateral excur-
sive movements should remain the focus.

For long-term composite resin restora-
tions, in the authors” opinion, the Bioclear
Method (Tacoma, USA) allows for the
most predictability in achieving optimal
contours and contacts. G.V. Black published
his cavity preparations in 1890.1 This was
a fundamental moment in dentistry as it
codified dental procedures; it gave dentists
a predictable and repeatable technique for
restoring teeth. But this methodology was
based upon woodworking concepts and
designed for amalgam, the only material
available at the time, which required un-
dercuts, grooves and dovetails for retention.

Today we have composite as an addition-
al restorative material. Composite has some
distinct advantages over amalgam (as well
as some disadvantages) and has become the
restorative material of choice worldwide.

The fundamental problem is that amalgam
and composite are completely disparate
materials. Therefore, the cavity preparation
should be customized based on the chosen
restorative material. The GV Black cavity
preparation was not designed with struc-
tural engineering in mind; and so sharp in-
ternal line angles and narrow preparations
keep the tooth in tension which promotes
crack initiation and propagation.

Dr. David Clark developed the Bioclear
Method as a result of his study of cracked
teeth.”” As one of the pioneers in micro-
scope-enhanced dentistry, he realized that
as dentists, we are contributing to an epi-
demic of cracked and diseased teeth. The
Bioclear Method starts with a new cavity
preparation that incorporates material sci-
ence and structural engineering principles.
(Fig. 18) The Clark Class II preparation
uses the strengths (and even a major weak-
ness) of composite to hold the tooth in
compression and thereby mitigates crack
initiation and propagation.

The Bioclear Method involves the in-
jection over-molding of heated composite
resin in conjunction with tooth form ma-
trices and wedges. The steps involved in
the Bioclear Method (Fig. 19) include: (1)

Biofilm removal (disclosing solution and
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20. Case of Dr. Bobby Nadeau. A. Upper first molar with deep recurrent caries. B. After restoration and caries removal, soft tissue ingrowth
will prevent seating of a matrix. C. Soft tissue is removed using System B (Kerr Dental, California, USA) cauterization, allowing unobstructed
access to the margin. D. The sectional matrix is fully seated and adequate moisture control is confirmed. E. The deep margin is elevated
using light-cure bonded composite resin. F. & G. After the completion of root canal treatment, a matrix, wedge and separation ring are
adapted and the restoration completed using the Bioclear Method. H. Post-operative radiograph showing adequate restoration of the mesial
contour and interproximal contact (red arrow). 21. Case of Dr. Bobby Nadeau. A. Lower first molar with reversible pulpitis due to deep caries.
B. After caries excavation, bleeding from two small pulp exposures was controlled. Direct pulp cap was completed and the tooth restored
permanently using the Bioclear Method (Tacoma, USA) . Adaptation of clear Bioclear matrix, wedge and separation ring. C. Once placed, the
composite resin restoration is polished using a polishing paste. E., F. & 6. Adequate mesial contour (white arrow), interproximal (red arrow)
and occlusal contacts are re-established. 22. Case of Dr. Bobby Nadeau. A. Lower second molar with recent MO composite resin restoration
with poor inter-proximal contour and contact (red arrow). The patient complained of frequent food impaction. B. Narrow inter-proximal
contact point (white arrows). C. Placement of Bioclear matrix and separation ring. The ‘Push-Pull’ instrument (blue arrow) is used to extend
the clear matrix onto the adjacent tooth to create a tight and broad inter-proximal contact. While the matrix is extended, the clinician ‘spot
welds' it in placed by placing a small amount of light-cured composite resin over the matrix at the line angles (green arrows) which will keep
the extended matrix in place for the rest of the procedure. Post-operative contact is broader D. mesio-distally (orange arrows) and

E. occluso-gingivally (black arrows). F. Post-operative radiograph showing adequate interproximal contact (yellow arrow).

air polishing), (2) Tooth preparation which
involves placement of long and rounded
radius bevels free of any sharp stress risers,
(3) Matrix placement with a clear sectional
matrix with pre-wedging and the use of a
separation ring that allows for the flow of
composite around to the prepared facial
and lingual tooth surfaces, (4) Injection
molding using heated flowable and paste
composites, and (5) Finishing and polish-

ing the restoration using finishing discs
and polishing paste and cups in order to
leave a smooth plaque-resistant surface.
The polymerization of the over flowed
composite resin shrink wraps the tooth
and helps in the prevention of cracks and
structural damage. Longevity is further
achieved by the removal of any stress ris-
ers on the occlusal surface. The occlusal
surface should have minimal anatomy and

interferences during excursive movements.
The Bioclear Method allows for achieving
optimal tooth form contours and inter-
proximal contacts. (Figs. 20, 21, 22)

RECOMMENDATIONS
RESTORATIONS

Attention to minimize excessive occlusal
forces placed on endodontically treated
teeth should be given. In the era of milled

FOR  INDIRECT
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23. Case of Dr. Bobby Nadeau. A. Upper first molar with
persistent pain following root canal treatment and
placement of a Zirconia crown with excessive occlusal
anatomy. B. After completion of endodontic retreatment,
the crown is adjusted to remove the steep occlusal
inclines. 24A. Over-contoured crown margin (red arrow).
B. Severe gingival inflammation is seen after removal of
the defective crown. 25. Case of Dr. Dale Jung.

A. Upper first molar with irreversible pulpitis.

B. & C. Post-operative radiographs demonstrating
conservative mesialized caries leveraged access cavity and

immediate placement of a direct permanent restoration.
D. At follow-up, the tooth has been restored with an
indirect restoration which has an open margin (red arrow).

restorations, particular care is needed
to ensure excessive lateral forces are not
exerted on ETT due to pronounced cuspal
anatomy. (Fig. 23) Prescribing crowns with
minimal occlusal anatomy and inclination
angles of the cusps will greatly minimize
the load during excursive movements.?® In
particular, checking occlusion on zirconia
crowns can be challenging due to the glaze
and the high hardness values. Excursive
interferences are often not observed until
the glaze is removed. Occlusal contact in
maximum intercuspation should be light
and positioned on functional cusp(s) only.
There should be no interferences in excur-
sive movements, however when this is not
possible, group function is an appropriate
compromise. Consideration to using cus-
pal coverage with gold or porcelain fused
to metal material should be given, as these
materials better adapt to minor inter-
occlusal disharmony. Furthermore, par-
ticular attention should be given to proper
gingival contour and marginal integrity as
open crown margins or over-contours are
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often leading to long term inflammation.
(Fig. 24) Attempts at following textbook
recommendations that all endodontically
treated posterior teeth should be restored
with indirect restorations, have the poten-
tial to make the situation worse and create
problems of their own, especially when the
treated tooth may not require cuspal cov-
erage in the first place due to conservative
treatment and adequate immediate restor-
ative management. (Fig. 25) Finally, if the
patient has a known parafunctional habit,
recommendations for the fabrication of an
occlusal splint should be communicated.

CONCLUSION

This paper concludes our three-part se-
ries?*3? on dentin conservation, armamen-
tarium and restorative procedures follow-
ing root canal therapy. As clinicians, it is
prudent to understand that a non-restor-
able tooth is of no value to our patients.
Evolving clinicians should continuously
test their own knowledge and the way they
process their treatments, in order to offer

longevity. The adjective ‘long-term’ is also
debatable amongst educational circles, as
such a question is only meaningful to the
patients themselves. For the endodontist,
longevity of treatment becomes an event of
interest only when itis eventually observed,
if at all. We should also keep in mind the
limitations of the inferences we draw from
the endodontic literature regarding lon-
gevity of treatment. This is especially true
when relating the procedural steps of root
canal treatment to the endodontic out-
comes or other particular outcome(s) of in-
terest. One must remain skeptical and de-
velop an inquisitive nature to practice and
repeat, and continuously self-reflect on the
processes and clinical decision makings for
every patient, on an individual basis. Such
internal reflections should be followed by
looking into personal biases and their ef-
fects on the inability to self-improve or
worse, to deny that a contrary could ex-
ist. As Dr. Herbert Weisberg said,” It is
OK to be wrong, as long as you are in the
mode of continually testing and revising
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your theories in the light of evidence”.* It
should also be reminded that restoratively
driven conservative endodontics goes
hand-in-hand with the placement of the
final restoration and does not promote a
virtue of cutting the smallest access cavity
as possible, working through defective res-
torations, caries, or non-restorable teeth.
Rather, it is an intimate marriage between

selective dentin removal and biologically
driven procedures coupled with the im-
mediate placement of a quality permanent
restoration into a functionally prepared
cavity preparation. As minimally invasive
technologies continue to develop and fil-
ter into dentistry, future applications using
augmented reality, artificial intelligence
and machine learning will eliminate tol-

erances for procedural error and precision
and accuracy will become near perfect.
This will ultimately lead to more efficient
and ergonomic treatments. As clinicians
we should embrace these emerging chang-
es that are becoming part of our clinical
routines for the future. H

Oral Health welcomes this original article.
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