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Techniques for Protection of the
Dentin-Pulp Complex

The techniques to protect the dentin-pulp
complex may be classified in two groups.

The first one includes the techniques of
indirect protection, where the protective
material is applied over the dentin,

while the second one includes the techniques
of direct protection, where the protective
material is applied over the exposed pulpal
tissue.

Indirect Pulp Protection
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The indirect protection of the dentin-pulp
complex consists in the application of the
protective materials over the remaining
dentin, when pulpal tissue exposure has not
occurred.

It can be performed after finishing the
preparation and immediately before applying
the restorative material, in deep and very
deep cavities, named just indirect pulp
capping.

It can also be done after the partial removal
of the carious tissue, when it is intended to
reopen the cavity later to finish the removal
of the remaining carious tissue, in case of the
stepwise excavation procedure.

In this last case, it is desired that the
protective material stimulates the
remineralization of the caries-affected dentin
tissue, avoiding a pulpal exposure that could
occur if a total removal of the softened dentin
had been performed immediately.

The techniques are the indirect pulp capping
(after total infected dentin removal) and the
(stepwise excavation (after partial infected

dentin removal).
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Indirect Pulp Capping

The aims of the indirect pulp capping are to
block the thermal, electrical, and chemical
stimuli that come from the restorations and
from the oral environment, to produce a
therapeutic effect over the dentin-pulp
complex, maintain the pulp vitality, avoid or
reduce the microleakage and the bacterial
growth under the restorations, and improve
the marginal sealing properties.

The indirect pulp capping is performed
immediately after the end of the tooth
preparation, as an additional protection to the
pulp in deep and very deep preparation,
where there is no sclerotic dentin.

Generally, the dentists used to recommend
that all carious tissue should have been
removed before the restoration. However,
exactly defining where is the carious dentin
tissue is a very hard task.

Due to the demineralization process, the
dentin tissue becomes softened, and the
analysis of this parameter was initially
recommended in order to take a decision
about what should be removed.

It was recommended that the entire softened
dentin should be removed until a hard tissue
was reached, which could be identified due to
a unique sound that the hard dentin produces
when it was touched with the exploratory
probe.

This procedure inevitably results in a great
number of pulpal exposures on deep and very
deep cavities, especially on acute lesions.

Later studies have shown that the lesion
presents three distinct layers.

The superficial layer corresponds to a
liquefaction necrosis, highly contaminated.
Below it there is an intermediary layer of
demineralized and highly contaminated
tissue, known as the infected dentin, and then
a deeper portion that is demineralized but
little infected, known as the affected dentin.
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It was then recommended that just the
necrotic and infected dentin should be
removed, keeping the affected dentin which
could However, although
performed to

remineralize.

several attempts were
differentiate both layers, with the use of dyes
or other methods, this distinction was many

times very difficult, if not impossible.

On the other hand, some studies have shown
that even when infected dentin remained in
the preparation walls, the restored teeth
presented a similar success rate to the ones
that had the entire softened dentin removed.

It was shown that the softened carious dentin
can remineralize and becomes hard again,
and the viable bacteria can be reduced or
eliminated when the preparation is properly
restored.

It was proved that the removal of the entire
carious tissue is not necessary for the success
of the restorative treatment. However, it is
essential to obtain a restoration with an
adequate marginal sealing in order to
eliminate the nutrition source for the
remaining bacteria [136, 162].

Apart from the kind of treatment to be
selected, with the total or partial removal of
the carious tissue, when the preparation is
deep or very deep, the use of a protective
material that stimulates the remineralization
and isolates the pulp from the irritating effect
of the direct restorative material, such as the
adhesive systems and composite resins, or
from the thermal stimuli on the amalgam
restoration, becomes essential.

In order to make the indirect capping, after
the end of the tooth preparation, the cleaning
of the cavity can be performed with a of 2%
chlorhexidine solution, anionic detergents, or
calcium hydroxide solution, before the
application of the protective agents of the
dentin-pulp complex.
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The materials indicated for indirect pulp
capping are selected according to the depth
of the preparation and the restorative material
to be applied.

of medium depth
preparations, due to the amount of remaining
dentin protecting the pulp
additional protective material is necessary,
regardless of the type of the restorative
material to be used.

On shallow and

tissue, no

For amalgam restorations, a solution of
anionic detergent can be applied into the
cavity, followed by washing and drying. The
restorative material may be directly applied.

Another option is to apply, after the detergent
washing and drying, a 2% sodium fluoride
solution for 2—4 min on the preparation walls,
followed only by drying with an air stream,
which will result in the deposition of calcium
fluoride on the walls, aiming to reduce the
chances of a future caries lesion in the tooth-
restoration interface.

Another possibility is to wash the cavity with
an air and water spray, followed by drying it
with air stream. Then, calcium hydroxide
solution or 2% chlorhexidine solution or a
glutaraldehyde-based desensitizer is applied,
followed by another drying with the air
stream.

When the amalgam is chosen as a restorative
material, the smear layer must not be
removed, remaining on the walls to seal the
tubules and reduce the dentin permeability.
Therefore, the demineralizing agents should
never be used.

For composite restorations on shallow and
medium depth cavities, the 35-37%
phosphoric acid gel is applied if a total-etch
adhesive system will be used.

After washing the acid, the surface must
remain wet, removing only the excess of
moisture by the blot drying technique,
followed by adhesive system application.

580 e Al Al Jaf (e Rakiasall o pall Ll S

Neinda o all wﬂ\saw\&ij\@dm)

Ales 30l Geall Ao gieg Adsiall G juastll bl Y
sy el g el et Al Adiiall o lall 4peS An s Adla)
Lealasind o el diape S B2l g 53 e hail)

ol Calaie Jolae Galai (K 1aald) Cilase sl Al
aalall b (S ccaiaill s Juadl Lo gite 3 jaall e

18 33 Faga

Slo 38 4-2 aspall 5l Jlaa Gadii s AV LA
Ching o cddiat g Calbiall Jalall Jug 2y juiaadl o jas
USRI LS RS RUIV JURERPX SV (P8 5 B P I
) e d A A8 Ggaa pYLaia) QS Caagy ¢ yaal)

sl ol il

e gia coldly o) sl 335 3 jaall Jue @AY Jlaial)
S asdl&l) lele Jslae e & col sl iy Cauganlly
oo Ambea Qe anSed S Jdae %2
c o i Lo e canall kel

sl i) sl & Jla 8 dallall 4k 413 G Y
st Jlony bl s ¢ pad o (o8 Cuma o
Lol AL 3al) el gadl aadiias of camy Y Sl g ez lal)

S Al jiad @b ) sl clage 5 8 i) IS

P b
U3 a5 cpmeall Jue ey Lhy mhal By o
e giia Al Cigat A Aalug Lib 50930 Lk )

ooyl s Gkl




Lpaze 5 oyl 30 s

Another option is to gently dry the surface
with a soft air stream and then to apply a of
2% chlorhexidine solution to hydrate it again
and to impregnate the collagen fibril
network, in order to reduce the long-term
degradation of the collagen fibers by the
dentin metalloproteinases.

Then, the drying is performed through the
blot drying technique, using a small cotton
pellet, followed by the adhesive system
application, drying, and light-curing.

In those cases, the adhesive layer applied will
promote the sealing of the dentin tubules and
control of the sensitivity, besides bonding to
the composite restorative material.

In case of the self-etching adhesives, the acid
primer will promote the etching of the dentin
and the formation of the hybrid layer without
the need of a previous phosphoric acid
application.

When performing amalgam restorations on
deep preparation, when the proximity with
the pulpal tissue is greater, but it is not
possible to observe any area in the pulpal or
axial walls with a pink discoloration, a
protective material must be applied in the
internal walls in order to promote thermal
isolation to the metallic restoration;
otherwise, tooth sensitivity will probably
come up when hot or cold food contacts the
tooth.

The material of choice is wusually the
chemical or light-cured GIC.

The previous treatment of dentin with
polyacrylic acid for 15-30 s
performed, followed by the washing and
drying with a gentle air stream.

can be

For composite restorations, the GIC should
also be used (. Fig. 9.17a—d).
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.. Fig. 9.17 Indirect pulp capping on deep preparation
using glass ionomer cement. a Large carious lesion on
tooth upper premolar; b removal of the carious tissue,
showing the deep internal walls; ¢ mixedglass ionomer
cement being caught by a calcium hydroxide liner
placeme

The preferable instrument used for
application is the calcium hydroxide liner
placement instrument, which has a small
sphere at the end that allows to precisely
apply the material on the internal preparation
wall.

On very deep cavities, where areas of the
internal walls with pink discoloration can be
observed, some clinically undetected pulp
microexposures may exist. Therefore, it is
necessary to use a material that is capable to
stimulate the odontoblasts to form
mineralized tissue to protect the pulp.

The most adequate material for this situation
is the calcium hydroxide cement, which can
be dispensed over a mixing pad, mixed with
a No. 22 spatula and taken into position with
a calcium hydroxide liner placement
instrument.
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Its application must be performed only over
areas with pink discoloration, in layers of
0.5-0.7 mm, and not over other regions.

Over the calcium hydroxide cement and in
the rest of the pulpal or axial wall with deep
dentin, a layer of GIC should be used [75].

After the initial setting of the cement, the

amalgam or composite restoration can be
performed (. Fig. 9.18a—g) [139].
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Fig. 9.18 Indirect capping in very deep preparation. a
Initial aspect; b opening the cavity to obtain full access
to the lesion; ¢ removal of the carious tissue; d very
deep region over the mesio-lingual pulp horn with pink
discoloration; e equal portions of the base and catalyst
pastes of calcium hydroxide cement being placed over
the paper mixing pad; f material being mixed with a
No. 22 cement spatula;
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9.10.1.2 Stepwise Excavation

The stepwise excavation is indicated in the
cases of very deep acute carious lesion, in
young patients, with the absence of
spontaneous pain and with response to the
tactile and thermal stimuli, specially to the
cold with a fast relief [77, 150].

It is applied in a situation where the pulp is
separated from the oral environment only by
a thin layer of the carious dentin, which if
removed may cause the exposure of the pulp.

It is also recommended when there is doubt
about the capacity of the pulp to keep the
vitality after a strong aggression caused by
the carious process.

the removal of the carious dentin is
performed in two clinical sessions, being
possible to re-evaluate the condition of the
pulp and allow a remineralization of the
dentin tissue.

On the first clinical session, the entire
carious dentin is removed from the external
walls of the preparation, and only the
demineralized dentin tissue over the pulpal
and axial walls should remain, as it is shown
in Fig. 9.19a—f.

After that, the cleaning of the preparation is
performed using a calcium hydroxide
solution or an anionic detergent or a 2%
chlorhexidine solution, followed by drying of
the walls with soft air stream.

Over the softened tissue on the internal walls,
a layer of calcium hydroxide cement liner is
applied. The whole preparation is then filled
with a temporary restoration made of GIC or
RMGIC. The surface of the material must be
protected with a varnish, if a chemical curing
GIC is used, avoiding the syneresis or water
absorption.

In cases of large preparations, the use of a
syringe is recommended for easier material
applications.
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.. Fig. 9.19 Stepwise excavation. a Deep carious lesion S O oS Ainee 3y a3 4 ¢a . 204 Cay ) :19-9 Jal
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g after the waiting period, removal of the temporary
restoration and remaining carious tissue is performed
avoiding to expose the pulp; h lining with glass ionomer
cement; i application of the universal matrix and

wooden wedge; j after the application of the adhesive
system, the restoration of the proximal contact was
done; k restoration of the dentin with opaque
composite; 1 finished restoration after the application of
the enamel shade composite (Grandio SO—Voco)
After finishing the temporary restoration, the
occlusal contacts must be adjusted and
periapical radiography obtained to use as
control.

This restoration can remain in place for a
period of 30—45 days up to 1 year, so that the
carious lesion activity is reduced and allows
that dentin-pulp complex to remineralize the
demineralized dentin and forms sclerotic
and/or tertiary, significantly reducing the
number of microorganisms and the risk of
pulpal exposure during the removal of the
remaining carious tissue, on the next opening
of the cavity.

On the second session, after the waiting
period, the anamnesis, sensitivity, and pulp
vitality tests must be repeated.
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The radiographic exam may show the
formation of sclerosis or tertiary dentin
below the remaining dentin.

With a positive determination of the pulp
vitality and absence of any symptoms, the
treatment can be continued, removing the
remaining carious dentin.

For that, the anesthesia and the isolation of
the operating field are performed.

The cavity is open, and the remaining carious
dentin can be removed using large diameter
round bur (No. 4, 6, or 8) in low-speed
handpiece.

Extreme care must be taken at this moment
to avoid pulpal Then, the
preparation cleaning is performed using
calcium  hydroxide solution, anionic
detergent, or 2% chlorhexidine solution.

exposure.

Considering that the stepwise excavation is
performed on very deep cavities, the
protective material indicated is the calcium
hydroxide cement, applied only on areas next
to the pulp with pink color, if they exist.

If there were no areas with pink
discoloration, just a layer of GIC is applied,
and the final restoration is performed. After
that, the occlusal contact adjustment is
required.

The aim of the stepwise excavation is to
block the aggressions that reach the pulp
from the carious lesions through dentin
tubules, hindering the metabolic circuit that
occurs due to the oral fluids and the bacteria
of the carious tissue, inactivate the bacteria
by bacteriostatic or bactericide effects of the
calcium  hydroxide,
remaining dentin,
hypermineralize the underlying health
dentin, and stimulate the formation of
reactional dentin.

remineralize  the
demineralized
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Those effects allow the complete removal of
the remaining carious tissue on the second
clinical session, without the exposure of the
pulpal tissue.

Several studies have shown that when the
cavity is opened again, the color of the lesion
changes from light brown to dark brown, the
consistency changes from wet and soft to dry
and hard, and the number of viable
Streptococcus mutans and Lactobacillus are
significantly reduced or even completely
disappear.

The radiographic image may show no change
or even decrease of the radiolucent area, the
dentin sclerosis, or the formation of tertiary
dentin.

Clinical studies reported high success rate
with the stepwise excavation and showed
that, in 83% of the treated teeth, the pulp
presented normal clinical response to the
vitality tests.

They observed that the immediate success
(60-90 days after the treatment) depends on
the initial clinical condition of the pulp, and
the long-term success is directly related to the
quality of the final restoration.

They also verified that the age of the patient
did not influence the success rate.

In addition, just the partial removal of the
carious tissue reduces the risk of pulpal
exposure in up to 98%, when compared to the
removal of the entire carious tissue on deep
preparation [74].

In order to perform the treatment, the pulp
vitality must be confirmed with pulp
sensitivity testing, and the reversibility of the
inflammatory response must be evaluated.

The report of spontaneous pain that is not
relieved with the use of analgesics turns the
prognosis of the treatment somewhat
doubtful. Radiographically, the tooth must
not present periapical alterations and internal
or external resorption.
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The use of the calcium hydroxide on the
stepwise excavation has its effectiveness
proved by several authors, promoting the
remineralization of the demineralized dentin
and the reduction of the inflammatory
response of the pulp, due to its bactericidal
and bacteriostatic properties.

However, the type of the material used is less
important for the success of the treatment
than to obtain a restoration with an adequate
marginal sealing, during the waiting period
between the first and second clinical
sessions.

Direct Pulp Protection

The direct protection of the dentin-pulp
complex consists of the placement of a
protective material directly over the exposed
pulp, to maintain its vitality and promote the
pulp healing and the formation of a
mineralized barrier over it.

The technique for direct protection of the
dentin-pulp complex may be divided in three
types: direct pulp capping, pulp curettage,
and pulpotomy.

9.10.2.1 Direct Pulp Capping

The direct pulp capping is indicated in the
cases of mechanical or accidental exposure,
when the pulp is vital and sound, or with a
reversible inflammation [26].

This situation generally occurs during the
tooth preparation, where the accidental
exposure of the pulp may happen, and in the
cases of dental traumas.

The most important factors directly related to
the success of the direct pulp capping are the
correct diagnosis of the pulpal condition, the
absence of bacterial contamination, the use of
adequate protective materials, and the
effective sealing of the cavity with a proper
restoration.
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Some studies showed that it is more probable
that the treatment of the exposed pulp is
successful, when the exposure has happened
due to mechanical reasons than when it
happens due to caries.

The penetration of the caries lesion toward
the pulp will result in the bacterial invasion
and the pulp inflammation. This causes the
pulp to be less capable to respond and to heal
itself, compared to what is seen when there is
a mechanical exposure and the inflammation
1s not present.

The presence of bacteria on the pulp
exposure areas must be avoided, once several
studies have shown the adverse effects of the
bacterial contamination.

Therefore, the direct pulp capping is more
indicated when the exposure is recent, and
any contamination is not associated with a
real pulp infection.

In addition, the rubber dam isolation and the
operating field disinfection are important to
reduce the contamination possibility.

In the cases of pulp contamination due to
trauma, it is important to evaluate the
patient’s clinical history, the time that pulp is
exposed to the oral environment, the
extension of the tooth fracture, the quality of
the tooth remaining, and the viability of the
restorative treatment.

The most favorable responses are obtained
when the treatment of the pulpal tissue occurs
up to 24 h after the trauma.

The calcium hydroxide powder or paste is
still the most used material for the direct
protection of the dentin-pulp complex.

the MTA has also been indicated and used for
this purpose.

A clinical study evaluated the direct pulp
capping made with the calcium hydroxide in
249 teeth, during 16 years [45].
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The authors verified that the treatment was
most favorable in patients with age under
40years old in relation to the patients with
age over 60 years old.

They also verified that the probability of loss
of the pulp vitality after the treatment was
significantly greater in the first 5 years of
treatment.

In the favorable cases, the dentin bridge
closing the exposure must be formed 3045
days after the procedure [4].

If the exposure happens during the cut of
healthy dentin, on the final phase of the tooth
preparation, the protection of the exposed
area must be performed before the
preparation is concluded.

If the preparation is being performed without
the rubber dam isolation and an exposure
occurs, the immediate isolation and the
antisepsis of the operating field with 2%
chlorhexidine solution should be performed
before the capping. However, the
chlorhexidine must not be applied over the
exposed pulp.

If the exposure occurs during the removal of
a deep caries lesion, and the removal of the
remaining carious tissue will result in an
increase of the exposure, it must be
interrupted and the capping be made.

If the remaining carious tissue does not
coincide with the exposure area, the capping
should be performed and the remaining
carious tissue removed, since this procedure
does not lead to new exposures.

To avoid the contamination of the exposed
pulp area, the complete removal of the
surrounding always
recommended using  cutting
instruments on the internal walls, because if
an exposure occurs, the contamination will
be reduced.

carious tissues 1is

before

In . Figs. 9.20a—1 and . 9.21a—d, it is shown
the sequence for the direct pulp capping.
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gl ) <b vV edaddl ca .3yl Al Ahaxill :20-9 JSa
Fig. 9.20 Direct pulp capping. a Initial aspect; b
removal of the carious tissue; ¢ accidental exposure of A sall ed L gadl sl S AN e i je GLISH o gy
the distobuccal pulp horn; d materials necessary for the 1 . ] daaall 4 .
direct capping (1, Otosporin; 2, calcium hydroxide p.a.; P pullSl Slela 2 - Otosporin <I) 2pl8 35 U
3, calcium hydroxide cement); e application of the ~Gilel Sliaa pa A g i oS35 oS Bardad ce - (panallSY Colele Ciiand
association of corticosteroid/anti-inflammatory; f
application of the calcium hydroxide powder using an Gl ¢ -MTA dala oy o spall Sl el (3 smmna Gl of
MTA carrier (Angelus); g calcium hydroxide p.a. N A omendi e
e la Caian c el atasay) .a. ) clela
applied over the exposed pulp; h application of the el Ciiad Gali ch . ol LIS G pa o pl) e
calcium hydroxide cement a little further than the area Jikaie Y 3 samall sUniall kil e Jiliy 2ad psaall<l
covered by the powder, closing the exposure area;

Laalissy)
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i protection of the pulpal wall with glass ionomer

cement; j acid etching; k application of the adhesive ¢ cga il ala ) el S aal) Dles o :20-9 JSal A
system; | restoration with composite resin (Grandio " J e e . o
SO—Voco) LSl C_u‘_)n.: f‘é‘)‘“ 3 e | ‘,Ua“ Gali (kK '&f“’ﬁj‘ U Al

.. Fig. 9.21 Direct pulp capping associated to the €@ 3 pa i gn A8 Al 8 80l Al Glaisl) 1219 S

temporary restoration. a Accidental pulp exposure @l 4 ol i Jaall ; e
happened on the axial wall of the distal box during the o sl 6 gl Sl e e ol
tooth preparation; b after controlling the bleeding, any LIS dihaie (38 P, @ el Slele Gubsi cb L cpudl juans

application of the calcium hydroxide p.a. over the area T 3 .. o R
of the exposure; ¢ application of the calcium hydroxide a2l S dgdaitl o g€l sle Citand Gkt L Y

cement covering the entire axial wall; d temporary e L3 als o il Cis 3 ed . 1
restoration with glass ionomer cement g gl el gl o]
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The preparation is irrigated with a saline
solution or calcium hydroxide solution,
because they are less aggressive to the pulpal
tissue [74].

Bleeding must be controlled to allow
adequate contact between the protective
material and the exposed pulpal tissue.

Among the factors that have shown a
significant role in the success of the treatment
is the bleeding control.

The presence of the interposed blood clot,
between the calcium hydroxide or MTA and
the pulp, may make the lesion repair
reactions difficult.

In addition, the bleeding that does not stop
may indicate a greater degree of pulp
inflammation, resulting in a reduction of the
reparative capacity.

The moisture and the contamination of the
dentin area adjacent to exposure, due to the
bleeding, may turn it difficult to reach an
adequate sealing of the restoration and to
prevent the later marginal microleakage [74].

After the hemostasis, the cavity is dried with
sterile small cotton pellets or a sterile piece
of absorbent paper.

After that, a solution composed by an
association of antibiotics and
antiinflammatory, sold with the name of
Otosporin® (GlaxoSmithKline— otologic
suspension—association of hydrocortisone,
polymyxin B sulfate, and neomycin sulfate)
or Maxitrol (Alcon—ophthalmic solution—
association of dexamethasone, polymyxin B
sulfate, neomycin sulfate), is applied using
small pellets soaked with the medication
during 10 min, directly over the pulpal tissue
(. Fig. 9.20e).
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A new irrigation with saline or calcium
hydroxide solution is performed to remove
the medication. Then, the area is dried with a
sterile cotton pellet. Then a material to
stimulate the formation of dentin bridge is
applied over the exposed area.

This material can be the MTA or calcium
hydroxide p.a. (powder or paste).

The protective material must be applied over
the pulpal tissue, without compression, and
only on the surface of the exposed pulp, and
the excess 1s removed (. Figs. 9.20g and
9.21b).

In order to facilitate the placement of the
material in the correct place, an intraoral
carrier can be used (. Fig. 4.50b), which is
filled with the material.

It presents a plunger that, when pushed,
projects the material outward the tip,
allowing its application (. Fig. 9.20f).

Over this material a layer of calcium
hydroxide cement should be applied,
covering a little further than the exposed
area, in such a way that the applied powder is
protected (. Figs. 9.20h and 9.21¢).

As the calcium hydroxide cement must be
protected from the acid etching, and the rest
of the cavity is deep and also needs to be
protected, a layer of GIC is applied over the
whole internal wall, in case the final
restoration is immediately performed (. Fig.
9.201) [75].

After the GIC setting, the cavity may be
restored with amalgam or composite, and
then the occlusal contact evaluated.

Another option is to completely fill the cavity
with GIC, to certify that there are no
symptoms of pain on the days following the
procedure (. Fig. 9.21d).

It is necessary to wait a period of 45-60 days
for the postoperative control.
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After this time the pulp sensitivity testing to
cold is performed, and
radiographic exam is done, in order to
evaluate the periapical area looking for
signals of pulpal necrosis.

also a new

The tooth must remain without symptoms.

In the case of pulp vitality, absence of
symptoms and periapical lesions, the
removal of the superficial portion of the GIC
can be done, and the final restoration is
performed.

9.10.2.2 Pulp Curettage

This procedure is recommended, for
example, when the pulp has been exposed
due to a dental trauma and the pulp horn is
projected outward the dentin wall, or when
the patient has delayed some time to look for
the dental treatment, resulting in the
contamination of the superficial pulpal

tissue.

It is indicated on teeth with

incomplete apex formation.

mostly

The procedure consists in the superficial
removal of a small amount of the pulpal
tissue, exposing the underlying tissue
without inflammation or bacteria, increasing
the exposed area available for contact with
the protective material.

According to some authors, on the cases
where the pulp is too contaminated, this
technique presents the inconvenience of not
knowing exactly if all the necrotic focus in
the pulpal tissue were removed, especially
the ones that are on other areas of the
coronary pulp far from the pulp exposure site.

In this case, the pulpotomy should be the
better indication [78].

Other authors claimed that the curettage must
be performed only on the cases of incomplete
root formation, due to the fact that in this
case, the pulp presents a greater blood

supply.
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In the cases where the root apex is complete, st L oS ) el bl G s om o e
the pulpotomy should be performed to
increase the success rates of the procedure.

The sequence for pulp curettage is presented sl caal dal e a-1 2270 JSAN ek
in . Fig. 9.22a-1.
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.. Fig. 9.22 Pulp curettage. A, b Fracture of the tooth dhaia o .21 gudl (A JuS b ca ol iy il :22-9 Jsal

No. 21; ¢ surgically open area to expose the fracture

s el 4V el od . yus i€ Jal e Lal a2 g
limits; d fragment removed showing the involvement of FE= . S 2 ol 0a bl n A2 5

the pulp horn; e rubber dam isolation; f curettage of @bl Gigldl) Qlll iy jad of L alaall Jalally Joal e . Sl
the superficial contaminated pulp with a diamond e 4l

point;
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g application of the corticosteroid/anti-inflammatory
solution (Otosporin, Glazo Smith Kline); h aspect of the
pulp after curettage and hemostasis; i application of the

calcium hydroxide p.a.; j covering of the region with

calcium hydroxide cement; k finished restoration and
suture; 1 aspect after 3 weeks

To perform this procedure, the anamnesis,
radiographic exam, and clinical diagnosis of
the pulp condition have to be performed.

After that, the anesthesia, rubber dam
isolation and disinfection of the operating
field with a 2% chlorhexidine solution are
done.
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The complete removal of any remaining
carious tissue must be performed, and cavity
irrigated with saline or calcium hydroxide
solution.

After that, the superficial curettage of the
exposed pulp is done using a very sharp
spoon excavator or a large diameter round
diamond point, on high-speed handpiece and
copious irrigation (. Fig. 9.22f) [68].

Then, an abundant irrigation with saline or
calcium hydroxide solution is performed,
and the walls and pulp tissue are dried with
small sterile cotton pellets until the
hemostasis is reached.

When the bleeding stops, the characteristics
of the remaining pulp tissue must be
evaluated, and it must have a firm
consistency and bright red color. Then, the
corticosteroid/anti-inflammatory solution is
applied for 10 min, and a new irrigation with
saline or a calcium hydroxide solution is
performed to remove the medication.

The drying is performed with small sterile
cotton pellet, and the material to stimulate the
formation of the mineralized tissue is
applied.

Over the exposed area, a thin layer of the
calcium hydroxide p.a. (powder or paste) or
MTA is applied.

The protector material must be inserted with
no compression over the pulp tissue, and only
over the exposed pulp surface, using an
intraoral carrier, and the excesses removed.

Over this material, a layer of the calcium
hydroxide cement is applied, covering the
exposed area and a small region around it.

Over the calcium hydroxide cement and the
rest of the internal wall with deep dentin, a
layer of GIC is placed, and the final
restoration can be immediately done.
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Another option is to completely fill the
preparation with GIC to follow up the pulp
tissue response after the procedure.

A period of 45-60 days can be waited before
the postoperative control.

After this period, the pulp sensitivity testing
to cold can be performed, as well a new
radiographic examination to evince the status
of the periapical area.

The tooth must have no symptoms.

In the cases of pulp vitality, the absence of
symptoms and periapical lesion, a superficial
layer of the glass ionomer can be removed
and the final restoration performed.

Pulpotomy

The pulpotomy consists of the removal of the
inflamed coronary pulp tissue, maintaining
the integrity of the radicular pulp.

It is indicated on the tooth with incomplete
root formation in which the pulp remained
exposed for more than 24 h.

It is also indicated on teeth with large
coronary destruction, but just on cases where
there is no necessity to place an intracanal
post.

In order to perform the pulpotomy, a good
clinical and radiographic diagnosis is
required.

Some authors verified that the percentage of
success of the pulpotomy (clinically and
radiographically) was of 100% on young
patients and 84% on adults [63].

The pulpotomy must be indicated only when
there is no bone rarefaction on the periapical
region or internal resorption and there is an
integrity of lamina dura.

In the clinical exam, the coronary pulp tissue

will be considered macroscopically vital
when it presents firm consistency, resistance
to the cut, followed by a slight bleeding with
bright red color, that stops in a few minutes

after the cutting [95].
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The pulpotomy may be performed on a single
session (immediate technique) or in two
sessions (delayed technique).

For the immediate technique

the anamnesis, radiographic exam, and
clinical diagnosis of the pulp condition are
performed. Then, the anesthesia, rubber dam
isolations, and the disinfection of the
operating field with a 2% chlorhexidine
solution must be done.

The complete removal of the carious tissue,
when there is any, is performed with round
burs in a low-speed handpiece, and the
opening of the pulpal chamber is done with
diamond burs on high-speed handpiece.

The cut of the coronary pulp tissue is
performed with sterile and sharp dentin
spoon excavator or a round diamond point on
high-speed  handpiece,  with good
refrigeration.

The use of burs on low-speed must be
avoided, because dentin shaves can be
pressed over the pulpal tissue, interfering on
the reparative process [96].

The bleeding must be controlled to allow the
adequate contact between the protective
material and the exposed pulp tissue. In order
to do this, the irrigation of the cavity must be
performed with saline or calcium hydroxide
solution. Then the cavity must be dried with
sterile small cotton pellets (. Fig. 9.23a—1).

The antibiotics/anti-inflammatory solution
(Otosporin or Maxitrol) is applied for 10 min
over the pulp tissue with a small cotton pellet
soaked with the medication.

A new irrigation with saline or calcium
hydroxide solution is performed to remove
the medication, and the cavity is dried with a
small sterile cotton pellet. Then, the pulp
tissue must be covered by calcium hydroxide
p.a. (powder or paste) or MTA.
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.. Fig. 9.23 Pulpectomy with the immediate technique. a
Fracture of the tooth 21 resulted on a large pulp
exposure on a tooth with an incomplete apex formation;
b, ¢ surgery to expose the region and rubber dam
isolation; d curettage of the coronary pulp with the
spherical diamond point; e irrigation with saline
solution to promote the bleeding control; f coronary
pulp removed; g application of the calcium hydroxide
p.a. over the pulpal tissue; h covering with the calcium
hydroxide cement;
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i closing of the cavity with the glass ionomer cement

The protective material must be inserted
without any compression over the exposed
pulpal tissue, using an intraoral carrier, and
the excess be removed. Over it the calcium
hydroxide cement is applied covering the
exposed area.

The final restoration may be performed on
the same session, followed by the occlusal
contact adjustment.

If the final restoration is not performed in this
same session, a temporary sealing of the
cavity must be done with GIC, waiting for
45-60 days for the postoperative control.

During the procedure, it is important to
analyze the details of the remaining pulpal
tissue.

In the delayed technique,

immediately after the removal of the
coronary pulp and the hemostasis, a piece of
cotton soaked on an association of
corticosteroids/antibiotics is placed over the
pulp tissue for 48—72 h, which will be closed
with a temporary restoration.

This procedure is performed to reduce the
inflammation caused by the cut of the pulp,
reducing the increase of intrapulpal pressure,
which could adversely affect the reparative
process [6].
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After this period, on the second session of

treatment, the cotton pellet is removed, and
the root pulp is covered with an adequate
protector material, according to what is
described on the immediate technique (. Fig.
9.24a-1).

-

.. Fig. 9.24 Pulpectomy with the delayed technique. a—c
Initial aspect of the fractured incisor with an
incomplete apex formation. The pulp was exposed to
contamination for more than a week. The coronary
pulp was removed and a medication with
corticosteroid/anti-inflammatory association applied,
remaining for 48 hours; d the coronary pulp on the
second session; e application of the calcium hydroxide

p.a.;)
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f after 90 days, testing of the presence of the dentin
bridge with a gutta-percha cone; g formation of the
dentin bridge clinically visible; h application of the
calcium hydroxide cement over the dentin bridge; i
filling of the cavity with a glass ionomer cement.
(Images kindly supplied by Associate Prof. Carlos
Henrique Ribeiro Camargo, Professor of the
Endodontics, ICT, Sao José dos Campos — UNESP)
After pulpotomy, the tooth must be
preferably restored at the same session.
However, on the delayed pulpotomy
technique, it is necessary to use a material for

temporary restorative material.

The GIC or RMGIC is the most indicated one
for the temporary sealing

Between the sessions of treatment, it is very
important that there is no displacement or
fracture of the temporary restoration, which
allow the microleakage of
microorganisms, leading to failure of the

would

procedure:

The postoperative follow-up must be
performed at least for 2 years.

Once the coronary pulp is removed, the
sensitivity  tests are not considered
trustworthy for the evaluation of the pulp
vitality.
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To determine the success, it is important to
observe the absence of the signals and
symptoms, as well the integrity of the lamina
dura and the presence of a mineralized barrier
or dentin bridge, although is not always
possible seen on radiography, besides the
absence of a periapical lesion [6].

In the cases where the teeth have incomplete
apex and the pulp is already on the initial
phase of necrosis, apexification techniques
must be applied.

Conclusion
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The aim of this chapter was to teach about
materials, techniques, and principles
currently available concerning the protection
of the pulp-dentin complex.

The methods to assess of pulp condition and
create the diagnostic hypothesis were also
presented.

Due to the constant developments of
materials and new scientific findings, some
recommendations will certainly be changed
in the next years.

The particularities of each human being must
be considered by the clinicians, and the
procedures  should not be always
standardized but be recommended according
to the clinical conditions and particularities

of each clinical case.
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