Vital Pulp Therapy for Permanent Molars

Lars Bjgrndal

Abstract

Guidelines for vital molar therapy are presented based on best available evi-
dence. Often the cause for vital intervention is due to caries, but seldom the
depth of the carious lesion is mentioned in literature, which may hamper the
evaluation of prognosis following treatment. Moreover, the lack of devices for
monitoring objectively the degree of pulp inflammation makes the topic a
clinical challenge where proper tooth selection is important. In this chapter,
the deep and extremely deep caries lesion is defined and linked to specific
treatment protocols, which include both direct pulp as well as indirect pulp
capping procedures. Particularly, a classification of the pulp capping proce-
dure is described, which relates to two specific scenarios. In Class I the need
for pulp capping arises by accident, while in Class II the capping procedure is
expected and the set-up for the vital pulp therapy includes the use of the oper-
ating microscope.
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This practice-based study followed teeth with deep caries, in which clinicians
suspected a pulp exposure if excavated to the fullest extent. The high success rate of
teeth surviving the final treatment without pulp exposure after 1 year of observation
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shows that it was possible for dentists in general practice to administer and manage
the treatment of deep carious lesions, a process which may prolong tooth survival
compared with conventional endodontic techniques.

4.1 Introduction

The management of deep caries is a daily issue in endodontic practice. For caries in
the pulpal quarter of the dentin, high-level evidence data have shown that a stepwise
excavation approach led to a significant decrease in the number of pulp exposures
as opposed to complete excavation.

Before performing vital pulp therapy in a molar, clinicians will have to answer
two questions: (A) How invasive a treatment needs to be in fulfilling the aims of
preserving and maintaining the pulp tissue in a healthy clinical condition, and (B)
whether the chosen modality is a permanent or temporary treatment solution. Both
topics depend upon the cause and time of the injury: is the pulp exposed as a result
of trauma or through caries? What is the aim of performing vital pulp therapy and
when could a pulp exposure particularly in carious teeth be avoided, by changing
toward an indirect pulp therapy approach?

The controversy about caries and the pulp goes back more than a century [1, 2],
and represents a problem of deciding the right treatment in dentistry. G.V. Black
wrote in his textbook: “...it will often be a question whether or not the pulp will be
exposed when all decayed dentine overlaying the pulp is removed...and It is better
to expose the pulp of a tooth than to leave it covered only with softened dentine” [1],
whereas Sir John Tomes wrote decades before [2]: ....... “It is better that a layer of
discolored dentine should be allowed to remain for the protection of the pulp rather
than run the risk of sacrificing the tooth.”

Even today the same deep caries scenario may be interpreted and treated differently
by clinicians [3-5]. The caries and pulp dilemma is partly due to the lack of a noninva-
sive diagnostic device for monitoring degrees of inflammation in the pulp [6], as well as
a low level of scientific evidence addressing the best treatment [7-9]. Finally, the exact
definition of deep caries is unclear, when outcomes of vital pulp therapy are reported. In
this chapter we define radiographically deep caries as being within the inner quarter of
the pulp and extremely deep if penetrating the entire thickness of the dentin (Fig. 4.1).

A pulp exposure is defined relatively broadly being the result of a pathological
change in the hard tissue of a tooth caused by caries, a mechanical factor, or trauma
[10]. Here, a classification of pulp capping procedures is introduced separating two
scenarios: direct pulp capping Class I (pulp exposure has been made accidently)
and direct pulp capping Class II (pulp exposure is expected, as part of caries exca-
vation and while using a microscope). This chapter aims to align updated treatment
guidelines on best clinical evidence for vital pulp therapy in molars including the
indirect pulp therapy approach.
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Fig. 4.1 The radiographic presentations are shown of a deep caries lesion versus an extremely
deep lesion. (a) The deep lesion involves the pulpal quarter with a radiodense zone separating the
translucent zone from the pulp. (b) The extremely deep lesion defines a penetration that involves
the entire primary/secondary dentin, either with no radiodense zone separating the demineralized
dentin from the pulp or with a radiodense zone located within the pulp chamber indicative of
tertiary dentin

4.2 The Benefit of Having a Vital Pulp
4.2.1 Apexogenesis

In injured teeth with incomplete root formation, it is essential to keep a vital pulp
for the final formation and completion of the root complex, described as apexogen-
esis. Much focus has been given in the past to this topic [11], because the tooth has
a better prognosis, if the roots are fully matured. Some of the problems associated
with incomplete root formation of teeth after pulpal necrosis are briefly listed in
Box 4.1 but also discussed in Chap. 7 of this book.

Box 4.1. Vital Pulp Therapy Aims at Apexogenesis for the Prevention of the

Following

* An open apex (a challenge to create a stop and establish a good seal)

* Thin dentinal walls (more prone to fracture)

* The incomplete apical development (in general making instrumentation
and sealing more difficult)

* Root fracture
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4.2.2 Tertiary Dentinogenesis

The stimulation of tertiary dentinogenesis is a main objective of the vital pulp therapy.
The classification and definition of tertiary dentin has in the past been described by
many synonyms [12, 13]; here, it is presented in the context of dentinogenesis in gen-
eral (Box 4.2). Tertiary dentin defines new hard tissue produced in relation to an
external injury [14]. The subdivision of tertiary dentin into reactionary dentinogenesis
and reparative dentinogenesis introduces a biological platform with more emphasis at
the cellular origin [15, 16], as well as causes for the upregulation of the aged odonto-
blast secretion [17-19]. The reactionary dentin can be interpreted as the elevated
growth of dentinogenesis, related to early caries lesions [20], and the odontoblast cells
are stimulated by dentin matrix proteins released during caries demineralization [21,
22]. These upregulated primary odontoblast cells [18] are involved directly, but also a
mixture with new beginners of secondary odontoblast-like cells can be observed in
natural caries development [23]. In case of a pulp exposure, a complete new dentin
formation leads to the reestablishment of a dentinal bridge formation, defined as
reparative dentinogenesis (Box 4.2). Initially, it is composed by a layer of atubular
mineralized matrix, described as fibrodentin [14], followed by a tubular dentin forma-
tion, presumably laid down by new secondary odontoblast-like cells.

A significant portion of the dental literature has been dealing with the study of a
newly formed hard tissue barrier and the status of the pulp after vital pulp therapy.
A simple parameter for examining new pulp-protective agents has been to confirm
whether or not tertiary dentin is present following pulp therapy. A recent systematic
review has argued [24] that these microscopic analyses of histological sections on
newly formed hard tissue may be considered a surrogate endpoint, which is difficult

Box 4.2. Classification of Dentinogenesis
Primary dentinogenesis: dentin produced before the tooth erupts
Secondary dentinogenesis: dentin physiologically produced after the tooth
has erupted, eventually reducing the size of the pulp cavity
Tertiary dentinogenesis, dentin produced as a response to external stimuli and
can be further divided into:
Reactionary dentin (new tubular dentin):
(a) Produced by upregulated odontoblasts or a mixture of these odon-
toblast cells and new secondary odontoblast-like cells
Reparative dentin (two layers of hard tissue=dentinal bridge):
(a) Initially a layer of atubular dentin=fibrodentin (nonodontoblast
origin)
(b) Followed by a layer of tubular dentin produced by new secondary
odontoblast-like cells
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to interpret in the clinic. Future hard tissue studies following vital pulp therapy
should analyze in more detail how well newly formed tertiary dentin reacts as a bar-
rier, in order to avoid late invasion of microorganisms, and what is the structural
integrity of newly formed hard tissue.

The formation of reparative dentin might be beneficial in terms of blocking
potential bacteria from invading the pulp due to the atubular interface, as opposed to
the structure of the primary tubular dentin. However, it should be remembered that
the reparative dentin might contain more organic material and be less mineralized
than primary dentin. The more organic material the dentin comprises, the more
permeable it will be, and therefore the reparative dentin represents an inferior type
of dentin as compared to primary dentin [12]. Also it is important to note that repar-
ative dentin with or without so-called tunnel defects, cannot keep away the bacterial
invasion from untreated progressing caries and/or a leaking coronal restoration. The
optimal endpoint for evaluating vital pulp therapy would be to determine the long-
term clinical outcome of the pulp, i.e., function, healthy state, and capacity of pre-
venting a secondary infection [24].

4.2.3 Inflammation and Tertiary Dentin

Most experimental studies on pulp capping and protective agents have been carried
out in healthy teeth, which in reality makes it difficult to transform information into
the clinical situation, where the exposed pulp most often is expected to be associ-
ated with various grades of inflammation. Severity of pulp inflammation may influ-
ence tertiary dentin. At the extreme, inflammation will lead to pulp necrosis, hence
stop or even absence of any tertiary dentinogenesis. In contrast, milder degrees of
pulp inflammation may seem beneficial for tertiary dentinogenesis [25]. Taken
together, some treatment principles can be aligned for the vital pulp therapy promot-
ing apexogenesis and tertiary dentinogenesis (Box 4.3).

Box 4.3. General Principles for Vital Pulp Therapy

* Removal of (i) bacterial infected dentin and (ii) clinically judged inflamed
pulp tissue

* The application of a pulp protective agent stimulating reparative
dentinogenesis

* To secure apexogenesis by the vital radicular pulp tissue

e Performance of a coronal seal for preventing secondary infection of the
reparative dentin and hence the development of infected pulp necrosis
associated with apical periodontitis
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4.3 Clinical Evaluation of Inflammation

Before the principles of vital pulp therapy are laid out, it is important to recall
that a precise clinical diagnosis of the degree of inflammation in the pulp is not
possible [3]. Little or no correlation exits between the histological findings of
pulp pathosis and clinical symptoms [26-28]. Moreover, in a clinical setting a
diagnostic device is not yet available for objectively measuring a threshold of
reversible pulp inflammation being beneficial or not for tertiary dentinogenesis.
The diagnoses are based on interpretation of data from the pretreatment examina-
tion, the clinical examination, as well as the radiographic examination [29],
rather than histopathological findings. Clinical data are shown for case selection
that divide the condition of the pulp into so-called reversible pulpitis and irrever-
sible pulpitis (Box 4.4).

Figure 4.2 shows a clinical example of an extremely deep caries lesion with
direct exposure of the pulp prior to excavation. The patient arrived to the dental
office with prolonged pain and disturbed night sleep. The clinical diagnosis “irre-
versible pulpitis” is further confirmed by the color of the blood being dark red. In
this case also pus is apparent associated with a frank cavitation, and hemostasis is
not possible to achieve, and root canal treatment is initiated.

Box 4.4. Reversible and Irreversible Pulpitis
Reversible pulpitis:
* A clinical diagnosis — based of the evaluation of subjective, clinical, and
radiographic findings.
* Suggest that if the external stimuli are removed the pulp will return
asymptomatic and vital after long term evaluation.
e Thermal changes (air, liquid) may produce a sharp transient pain.
» In case of pulp exposure hemostasis can be obtained.
* The diagnosis does not indicate the precise histological status of the

pulp.

Irreversible pulpitis:

e It is a clinical diagnosis associated with subjective and objective find-
ings indicating presence of pain (spontaneous and or prolonged unbear-
able pain/disturbed night sleep).

e Temperature changes may produce lingering pain.

* In case of pulp exposure hemostasis cannot be obtained.

* The diagnosis does not indicate the precise histological status of the

pulp.
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Fig.4.2 (a) Preoperative periapical radiograph showing extremely deep caries lesion in the man-
dibular second molar with apical periodontitis. (b) Tooth shown before treatment. Clinically the
tooth is vital and the combined diagnosis is “irreversible pulpitis” and apical periodontitis. (c)
Following excavation an exposure of the pulp is present with pus. (d) During further access to the
pulp cavity focal areas of pus are noted within the bleeding inflamed pulp. (¢) Complete excavation
performed before placement of “endodontic working” restoration and preparation of an aseptic
working field. (f) Root canal treatment is initiated and determination of working length is about to
be accomplished

4.4 Indications and Treatment Concepts for Vital
Pulp Therapy

The principal indications for performing vital pulp therapy are carious lesions,
mechanical iatrogenic injury, and trauma. In the context of molar endodontics, the
most frequent cause for endodontic treatment including vital pulp therapy has, in
the general practice environment, been caries [30]. Therefore, the aligned treatment
guidelines are described within the “scenario” of a carious pulp exposure. From the
literature, it is often unclear whether the clinicians are creating a pulp exposure by
accident or whether it is the intention to do a pulp exposure; moreover the depth of
the carious pulp exposures are seldom defined in clinical studies [31]. The following
vital pulp therapy guidelines will include these aspects.
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Fig. 4.3 (Left) Direct pulp capping Class I: an accidental pulp exposure has occurred during
preparation. No additional enlargement is carried out. (Middle) The cavity is irrigated with saline.
(Right) Calcium hydroxide capping material is placed prior to permanent restoration

4.4.1 Direct Pulp Capping Class | (Accidental Pulp Exposure)

No additional enlargement is made of the exposed pulp. Typically, the exposure has just
occurred following a trauma or an accidental perforation during a preparation proce-
dure (Fig. 4.3). It is a prerequisite that the pulp is healthy. Clinically, this means that the
pulp is vital and the patient is without subjective pain prior to treatment, and hemostasis
can be expected. The exposure of the pulp is less than 1 mm in diameter and should be
located in the coronal third, but preferable in relation to a pulp horn. The pulp protective
agent can be placed directly at the pulp exposure and the cavity can be sealed effi-
ciently. It may also take place during excavation of caries, but in an area not directly
related to the carious dentin, because the pulp exposure has been made by accident.

4.4.2 Direct Pulp Capping Class Il (Intentional Pulp Exposure)

This modality includes the mandatory use of an operating microscope during caries
excavation [32]. The potential implementation of carious dentin into the pulp during
excavation can better be limited by the use of magnification. If hemostasis can be
achieved it should be seen as the clinical interpretation of an acceptable and treat-
able pulp, but the exact extent of pulp inflammation is currently impossible to pre-
dict objectively in the clinical setting. No global consensus is available for this
approach, and it may be argued that a pulp exposure shall be avoided by an indirect
pulp therapy where less invasive excavation procedures are introduced (see below).

It has been shown in cases with deep or extremely deep caries that if the bacterial
invasion zone penetrates the pulp close to reparative dentin, the subjacent pulp is
severely inflamed [33], making both vital and indirect pulp therapy unpredictable
treatment options. When irreversible inflammation in the pulp is present, hemostasis
is typically not possible to obtain; therefore pulp capping is contraindicated in deep
or extremely deep caries. However, when hemostasis can be controlled, such lesion
depths may be successfully treated (Fig. 4.4). The result of apexogenesis following
treatment of a deep carious lesion is shown in (Fig. 4.5).
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Fig. 4.4 (Left) Preoperative radiograph of a 12-year-old child showing first mandibular molar
with extremely deep caries. (Middle) After excavation and carious exposure and MTA application.
(Right): Postoperative 1-year follow-up. Tooth vitality present and well-defined lamina dura in the
apical region. Note the formation of tertiary dentin (Courtesy of Dr. G. Bogen)

Fig. 4.5 (a) Preoperative radiograph of a 7-year old child, showing first mandibular molar with
deep caries. (b) After excavation and carious exposure and MTA application. (¢) Postoperative
3-year follow-up. Tooth vitality present and completed root formation (Courtesy of Dr. G.
Bogen)



102 L. Bjerndal

4.4.3 “Partial” Pulpotomy

As opposed to direct pulp capping, an additional removal of suspected inflamed
pulp tissue is performed, and for providing a better seal of the pulp protecting
agent, which may be a problem with complicated crown fractures [34]. The defini-
tion between a direct pulp cap procedure Class II and the partial pulpotomy appears
to overlap in carious pulp exposures. In particular where the treatment is carried
out under the conditions of “reversible pulpitis” [35-37], the argumentation of
avoiding pulp exposure in the first place is in principle the same as indicated for
direct pulp capping Class II. In contrast, a “several-day-trauma” tooth with
exposed pulp represents the classical indication for this treatment modality, where
the tissue is expected to be superficially and inflamed. In this situation, a superfi-
cial removal of pulp tissue is highly beneficial [34]. The completion of an incom-
plete root complex is shown following a partial pulpotomy (Fig. 4.6).

Fig. 4.6 (a) Preoperative periapical radiograph showing deep carious lesion in the mandibular
first molar. (b) Postoperative radiograph taken immediately after treatment with partial pulpotomy
and MTA. (c¢) Tooth: 16 months after treatment. Notice dentine bridge formation in the mesial side
of the tooth (arrow). (d) Tooth: 26 months after treatment. Notice the well-formed dentinal bridge
(arrow) and the physiological continuation of root formation (Reprinted from Barrieshi-Nusair
and Qudeimat [37]; with permission)
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4.4.4 "Full” Pulpotomy

In single rooted teeth, the definition includes the surgical amputation of the coronal
portion of an exposed pulp, whereas in molar it covers the removal of the entire pulp
tissue in the pulp chamber down to the orifices (1-2 mm into in the root canals). The
rationale is to completely remove the inflamed pulp tissue. As the prognosis of the
vital pulpectomy is very high (see Chap. 8) why then attempt a “full” pulpotomy?

In children it seems advisable to try a conservative pulp-preserving procedure,
even in deeply carious permanent teeth with signs of “irreversible pulpitis,” whereby
ideal conditions can be established, as already discussed the loss of the vital pulp
function is so devastating in teeth with immature apices (Box 4.1). If failure then
occurs, apexification or regenerative techniques can still be options. It has been
speculated that a full pulpotomy could be a more permanent treatment option in
cases of “irreversible pulpitis,” but with established hemostasis, but only case series
and case report are available [38, 39].

4.4.5 "Emergency”Pulpotomy

Often “emergency” treatments are closely associated with the practical aspect of
lacking time, as the patient arrives unexpected to the dental office and being in acute
pain. Thus, a simple treatment is urgently needed to reduce the level of pain in the
first place and then a treatment session can be scheduled for completing the final
pulpectomy, when proper time is available. An “emergency” pulpotomy has shown to
be able to reduce pain in relation to acute “irreversible pulpitis” and without the need
of additional medicaments [40]. It is a temporary treatment, but with the surgical
pulp approach being the same as the “full” pulpotomy, except for the temporary seal.

4.5 Brief Comments on Capping Agents

For decades the capping agent to promote healing and maintaining viability of the
remaining pulp tissue has been a calcium hydroxide-containing material applied
either as a base or as a liner. Within the last 20 years, calcium silicate-containing
materials have gained more and more focus. In particularly, MTA (mineral trioxide
aggregate, Dentsply Tulsa Dental, OK, USA) has been investigated and used inten-
sively. More recently other bioceramic cements have been introduced such as
Biodentine (Septodont, Saint Maur des Fosses, France) or iRoot BP (Innovative
BioCeramix, Vancouver, BC, Canada). Only limited clinical information is actually
available to show potential clinical differences. The reason for selecting the silicate
containing materials is therefore based mainly on laboratory studies, where it is
shown that these materials may create a better quality of the hard tissue laid down,
without so-called tunnel defects. Interestingly, a recent randomized clinical trial
[41] showed no differences between the two classic pulp agents, i.e., the calcium
hydroxide containing liner Dycal (DeTrey Dentsply, Skarpnick, Sweden) and
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MTA. This may also underline that other variables such as patient age and irrevers-
ible pulp inflammation may determine the prognosis accounting for problems lead-
ing to failure or not. Finally, larger studies may be needed to show actual differences,
when it comes to the choice of the very best pulp agent.

4.6 Treatment Guidelines for Vital Pulp Therapy in Molars

4.6.1 DirectPulp Capping Class |

Pretreatment Data

Patient information: subjective evaluation of the region having the present symp-
tom by questioning the patient on the area in focus, intensity, duration, stimulus,
relief, and spontaneity. Absence of any signs of “irreversible pulpitis” is manda-
tory to permit direct pulp capping (Box 4.4).

Objective extraoral examination as well as examination of the intraoral soft and
hard tissues.

Clinical examination showing a tooth that is vital with no lingering or persistent
prolonged pain following thermal testing. Other tests such as palpation, percus-
sion, and mobility should have negative findings.

Radiographic examination: radiographs showing the involved tooth, furcation,
periapical area, and the surrounding bone. No apical pathosis is present.

Diagnosis

Reversible pulpitis

Treatment Protocol

The tooth is isolated with rubber dam (mandatory for all types of vital pulp
therapy).

The cavity and the pulp exposure area are gently flushed with saline in order to
remove detritus and to establish a clean nonbleeding pulp wound.

Direct flush at the exposure should be avoided.

Firm pressure with a cotton pellet should be avoided as the removal tends to
reactivate bleeding.

Hemostasis should be reached within 5 min.

The site of the perforation should be noted in the file of the patient for the future
plan of restoration.

Pulp capping agent is applied at the exposure site and in contact with the tissue
(e.g., calcium hydroxide containing base material or mineral-trioxide aggregate
(MTA)) followed by a layer of glass-ionomer (Ketac Molar; 3 M ESPE, Glostrup,
Demark))

A permanent restoration is placed immediately or within a few days in order to
prevent secondary bacterial infection.

After 6 months, the tooth is checked with respect to subjective symptoms and
tooth vitality; in case of absence of any response, a radiographic examination is
performed to diagnose potential apical pathosis.
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Contraindications

» If hemostasis is not achieved, direct pulp capping is not done and pulpectomy is
indicated (see Chap. 6)

* Direct pulp capping (Class I) should not be carried out in deep or extremely deep
caries in adults (Fig. 4.1).

4.6.2 DirectPulp Capping“Class II” and “Partial Pulpotomy”

Pretreatment Data

* Patient information: Absence of any signs of “irreversible pulpitis” is mandatory
(Box 4.4)

* Objective extraoral examination as well as examination of the intraoral soft and
hard tissues

e The tooth is vital (e.g., bleeding is observed from the exposure site), no lingering
or persistent prolonged pain is found following thermal testing (this may, how-
ever, be difficult to ascertain in children)

» Radiographic examination; radiographs showing the involved tooth, furcation,
periapical area, and the surrounding bone. No apical or furcal pathosis are
present.

Diagnosis
* Reversible pulpitis

Treatment Protocol
All the steps are followed as described for adults. However, note additional details
are mandatory for vital pulp therapy for the extremely deep caries lesion [32]:

* Excavation is carried out under the operating microscope and aided by the use of
caries detector solution.

* Hemostasis is established within 5 min. following the use of 5.25% sodium
hypochlorite.

* No specific rules about the size of the perforation which means that it is not a
matter of choosing a “direct pulp capping,” “partial,” or even “full” pulpotomy;,
it is related to the fact whether or not hemostasis can be obtained.

* Incase hemostasis is not occurring, the “partial” pulpotomy procedure is applied,
which means that a 1.5-2 mm deep preparation is made with a sterile diamond
bur in a high speed hand piece under water spray.

— When hemostasis is obtained, MTA is applied in a thickness of 4-5 mm (mixed
according to the manufacture’s prescriptions; however, as dry as possible).

— Place moist cotton pellet over MTA followed by a solid interim restoration
(composite or glass-ionomer cement, e.g., Ketac Molar; (3 M ESPE, Glostrup,
Demark)).

e After 1 week (or at least 2 days) the temporary restoration and the cotton pellet
is removed for controlling a proper hardening of the capping agent, followed by
a permanent restoration.
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* Notably, the treatments have primarily been examined in children and even
though the caries has been extremely deep the clinical diagnosis has been “revers-
ible pulpitis” [32].

Contraindications

* If hemostasis cannot be achieved, direct pulp capping is omitted and pulpectomy
is indicated (see Chap. 6).

* Without the use of the operating microscope it is not a so-called Class II
modality.

4.6.3 “Full” Pulpotomy for Children and Adolescents

Pretreatment Data

* Patient information: No signs of “irreversible pulpitis” is first choice; however in
case of incomplete root formation, signs of “irreversible pulpitis” should be a
candidate for a “full” pulpotomy procedure.

* Objective extraoral examination as well as examination of the intraoral soft and
hard tissues.

* Clinical examination: The tooth is vital (bleeding point from pulp exposure/frac-
ture line), no lingering or persistent prolonged pain following thermal testing.
This may be very difficult to do in children. In case of signs of “irreversible
pulpitis,” the aspect of whether or not hemostasis can be obtained need to be
confirmed clinically.

* Radiographic examination; radiographs showing the involved tooth, furcation,
periapical area, and the surrounding bone. No apical or furcal pathosis is
present.

Diagnosis
* Reversible pulpitis
OR
 Irreversible pulpitis and based on careful case selection

Treatment Protocol

e All pulp tissue is removed from the pulp chamber.

e The amputation area should be at the orifice (1.5-2 mm into the root canal) and
eventually made with a sterile diamond bur in a high speed hand piece under
water spray.

e Radicular pulp tissue is examined for hemostasis.

e A pulp capping material is placed, typically calcium hydroxide (DeTrey Dentsply,
Skarpnick, Sweden) or MTA.

e The blunt end of a paper point may be used to ensure that the capping material is
proper placed. Seal the preparation including the entire pulp chamber in a thick-
ness of 4-5 mm MTA.
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e After 1 week (or at least 2 days), the temporary restoration and the cotton pellet
are removed for controlling a proper hardening of the capping agent, followed by
a permanent restoration.

* A practical approach has been to place a permanent restoration at once.

 If the patient presents with signs of “irreversible pulpitis,” but hemostasis can be
successfully accomplished, an MTA pulpotomy procedure may be considered as
an alternative treatment [39, 40]. In such cases it is recommended that the patient
receive a relatively short follow-up visit within the following 2 days to assess
subjective symptoms. Concomitantly, an assessment of MTA setting may be per-
formed followed by a permanent restoration.

Contraindications
» If hemostasis is not achieved, pulpectomy is indicated (Chap. 6).

4.6.4 Indications for Indirect Pulp Therapy

In relation to deep caries the decision to treat the pulp indirectly may be considered.
An indirect pulp therapy addresses the excavation of deep dentin aiming to avoid
pulp exposure. The therapy may be performed either in one or two treatment
sessions.

Much research during the past decades has modified the original concept of a
pulp close excavation during the indirect pulp therapy [42]. For example, Kerkhove
et al. [43] described it as leaving only residual caries, meaning that if a further lim-
ited excavation was carried out, a pulp exposure would be present. Other studies
have introduced less invasive and partial excavation procedures leaving more cari-
ous dentin behind permanently and with an apparent good prognosis, primarily in
children [44-46]; therefore the original invasive concept of indirect pulp therapy
appears outdated.

4.6.5 Stepwise Exaction (2-Step Approach)

The concept of performing two treatment sessions is also described as a stepwise
excavation. The focus of the first treatment/excavation appointment is not to reach
residual caries close to the pulp, as the risk of exposure of the pulp increases the
closer the excavation is performed [47, 48]. In contrast, the aim of the first treatment
is to change the active cariogenic environment. The consequence of leaving carious
dentin temporarily subjacent to a so-called treatment restoration is that the clinical
features of carious dentin will change to that of slowly progressing or arrested caries
[49, 50]. The active deep carious environment can clinically be recognized as a soft
discolored and wet tissue, which may change towards a darker harder and drier
appearance of the carious dentin. Clinically, a second and final excavation of arrested
carious dentin will be easier to accomplish without risking a pulp exposure.
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High-level evidence data have shown that a stepwise excavation approach led to
a significant decrease in the number of pulp exposures as opposed to complete exca-
vation [51, 52]. This approach may be carried out within a practice-based environ-
ment even with the concept of two visits [53]. Within communities where it would
be difficult to receive the patient for an additional appointment, a one-step partial
caries removal approach might be the treatment of choice; however the evidence
behind is lower [47].

4.6.6 Detailed Treatment Guidelines for Indirect Pulp Therapy

Stepwise Excavation and Partial Excavation

The present two protocols refer to methods supported by high level of evidence. The
first protocol takes adults into account, aiming to prevent exposure of the pulp using
stepwise excavation: The last procedure is the partial excavation in one step aiming
to prevent over-excavation in children (<18 years). Note the restrictions in both
protocols:

Pretreatment Data (Stepwise Excavation)

* Patient information; subjective evaluation of the region having the present symp-
tom by questioning the patient on the area in focus, intensity, duration, stimulus,
relief, and spontaneity. No signs of “irreversible pulpitis” is mandatory for step-
wise excavation (no unbearable pain causing disturbed night sleep).

* Objective extraoral examination as well as examination of the intraoral soft and
hard tissues.

* Clinical examination: The tooth is vital with no lingering or persistent prolonged
pain following thermal testing. Other tests such as palpation, percussion, and
mobility should have negative outputs.

* Radiographic examination; radiographs showing the involved tooth, furcation,
periapical area, and the surrounding bone. No apical pathosis is present. The
depth of the caries lesion is in the pulpal quarter, and there is a well-defined radi-
opaque zone between the pulp and caries lesion defined here as a deep lesion
(Fig. 4.1).

Treatment Protocol (Stepwise Excavation) [49]

* Remove as much of the superficial necrotic and demineralized dentin, so that a
temporary restoration can be placed in the cavity.

* No excavation close to the pulp.

e Calcium hydroxide-based material and glass-ionomer are placed.

e Treatment interval 3-9 months.

* Final excavation is carried out using hand excavators.

e Calcium hydroxide based material and final permanent restoration is placed
(Fig. 4.7).
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Fig.4.7 Principle demonstration of the stepwise excavation approach of a molar. (a) Radiographic
feature of a secondary molar with deep caries. (b) Cariogenic surface plaque and undermined
enamel removed visualizing the exposed carious dentin. (¢) A sketch of the temporization of the
retained active carious dentin after 1-step. (d) After the treatment interval retained carious dentin
will become darker, harder, and drier. (e) The retained carious dentin shown after removal of the
temporary restoration. (f) Complete excavation is carried out to optimize the cavity for final resto-
ration, and has been facilitated due to decrease of caries activity. (g) A sketch of the permanent
restoration is in place. (h) A 4—year follow-up with no apical pathology. However, complete arrest
of caries activity has not been achieved; a new proximal lesion has progressed in the third molar

Pretreatment Data (Partial Excavation)

 Patient information: identical to stepwise.

e Objective extraoral examination as well as examination of the intraoral soft and
hard tissues.

* Clinical examination: identical to stepwise.

e Radiographic examination: radiographs showing the involved tooth, furcation,
periapical area, and the surrounding bone. No apical pathosis is present. The
depth of the caries lesion is in pulpal quarter, and starting from half the dentin
thickness and into the pulp.

Treatment Protocol (Partial Excavation) [44]

e Remove as much of the superficial necrotic and demineralized dentin, so the
permanent restoration can be placed.

» Final excavation is carried out using hand excavators.

e Calcium hydroxide based material and final permanent restoration is placed
(Fig. 4.8).

e The partial excavation approach has not been systematically examined in
adults.
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Fig.4.8 Clinical photographs and radiographs depicting a 1-visit indirect pulp therapy of perma-
nent mandibular left first molar. (a) Tooth with a deep carious lesion with large accumulations of
cariogenic biomasses. (b) Clinical photograph showing the cavity preparation (caries was not com-
pletely removed at areas close to the pulp), prior to the final restoration. (c¢) Clinical view after
1-year follow-up. (d) The pretreatment radiograph shows no apical pathosis, but a deep carious
lesion. (e) After 1 year, the radiograph shows no apical radiolucency with successful treatment
(Reprinted from Orhan et al. [51]; with permission)

4.7  Factors Controlling Prognosis

Some factors controlling prognosis have been discussed for vital [9] and indirect
pulp therapy [47, 52] in relation to caries. The prognosis is connected to method-
ological problems related to comparing data, which were not prospectively obtained
so the following findings should be interpreted with caution.

Based on so-called pooled data, the success rates were reported to be 72.9 % for
direct pulp capping (no distinction was made between Class I and II) with a recall
period more than 3 years (patients: 6-10 years of age; n=231), and 99.4 % for par-
tial pulpotomy (patients, 6-27 years of age; n=23) and 99.3 % (patients, 670 years
of age; n=37) for full pulpotomy [9]. Taken together these data indicate that the
vital pulp therapy is effective with an acceptable outcome, and proper case selection
should indicate the specific treatment needed.

A more recent retrospective observational study [54] suggested a 2-year survival
rate of 56.2 % (patients, mean age 41 years, n=51) for pulp capping. The relatively
low survival rate confirms previous observational data suggesting that the prognosis
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of pulp capping may be related to age [9, 55]. Within a recent randomized clinical
multicenter trial examining pulp capping versus partial pulpotomy in cariously
exposed pulps in adults [52], the results showed an even worse outcome following
both direct pulp capping (Class I) and partial pulpotomy, with a pooled pulp sur-
vival rate of only 33.2% after 1%2 year. The results showed that a caries lesion,
located in the inner % of the dentin in adults, may represent the threshold for suc-
cess full pulp capping in adults, and without the use of magnification (Class I). In
short, age of the patient and caries lesion depths are important prognostic
variables.
In Box 4.5 variables are listed that influence prognosis.

Box 4.5. Potential Factors Increasing Success of Vital Pulp Therapy

* Aseptic working field with rubber dam isolation — mandatory

* Younger age — better prognosis

e Immediate placement of the definitive restoration — to secure and prevent
secondary infection

* Mechanical/accidental exposure vs. an attempted carious exposure — If
Class I or Class II protocols are chosen acceptable prognosis can be
expected even in cariously exposed pulps but proper case selection is
mandatory.

* Size of exposure? If hemostasis can be obtained not an issue — important to
reach direct contact and without a blood clot in between the agent and the
pulp tissue.

» Pulp protective agent — no high evidence data to select one particular mate-
rial from another but MTA and calcium hydroxide have been the two most
often used, with the former being the most often chosen material recently.

* Pulpal inflammation that is judged reversible (see below).

Pulp status must be evaluated before treatment:

e Patients’ symptoms and history is not enough.

» Radiographic interpretation is not enough.

» Use objective pulpal tests and arrive to complete pulpal and periapical
diagnoses.

* Hemostasis

4.8 TheIndications for Vital Pulp Therapy May Change
Over Time

Undoubtedly the vital pulp therapies have been established and developed in their
own context of time and tradition. The focus of full pulpotomy has been to maintain
a vital radicular pulp in order to secure the completion of the root complex in
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immature teeth (apexogenesis), and particularly to avoid the necrotic and bacterial
infected incomplete root complex.

About 50 years ago the prevalence of caries worldwide as well as the speed of
caries progression was higher than today [56]. If a “deep” or an “extremely deep”
lesion is present even before the root complex is fully completed, the speed of caries
progression has been obviously very high. Accordingly, it can be speculated that the
degree of inflammation in “pulps with carious exposures in the 1960s” was often in
a more severe and irreversible stage than what can be observed today. In other
words, the rationale and the magnitude of using “full” pulpotomy may have changed
today, as the speed of the caries progression has reduced.

However, as a paradox the “full” pulpotomy treatment has started to be
reevaluated [57], and it may be an alternative to the vital pulpectomy, as the
research area of pulp regeneration has developed rapidly. In this chapter, “full”
pulpotomy has been presented with respect to (I) securing apexogenesis, and (II)
being the emergency treatment approach for the acute “irreversible pulpitis” in
molars.

However, pulpotomy is a highly integrated treatment approach for the future
revascularization procedure, and perhaps particularly in necrotic teeth with an
incomplete root complex [58, 59]. A revascularization protocol has been suggested,
but currently being modified and tested [60, 61]. At this point in time, only limited
evidence from case reports illustrates the potential for regenerative therapy in
molars as opposed to single-rooted teeth (Box 4.6).

Box 4.6. Revascularization Protocol

» Patient/parent compliance with the necessary multiple appointment treat-
ment plan may be significant for case selection.

* Disinfect canal but no mechanical instrumentation is performed.

e [Irrigate with sodium hypochlorite.

* Dry root canal.

» Triple antibiotic paste — (metronidazole, ciprofloxacin, minocycline) be
aware of staining of the tooth with the use of minocycline.

» Recently suggested that a classic calcium hydroxide dressing might be as
beneficial as the triple paste but not tested in a randomized design.

* Perform temporary restoration.

Two to three weeks later:

* Remove medicament with sodium hypochlorite irrigation.

* Induce bleeding from apical tissue (use of an anesthetic without a vasocon-
strictor when trying to induce bleeding).

* Control intracanal hemorrhage to below the CEJ with pressure.

e Place MTA over blood clot to level of CEJ (a collagen matrix is useful for
the controlled placement of MTA to a desired and optimal level).

* Perform permanent restoration.
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4.9 Summary

Carious pulp exposures are the most frequent cause for vital pulp therapy in molars.
Case selection should be performed with attention toward age of the patient and
depth of the caries lesion.

Vital and indirect pulp therapies should be seen as permanent treatments.

Direct capping Class I should be avoided in the pulpal inner one-fourth.

Direct pulp Class II is designed for deep and extremely deep caries with the
mandatory use of magnification.

High evidence data indicate that the two-step indirect approach should be the
treatment of choice in carious lesions extending into the pulpal one-fourth of the
dentin in adults.

No difference can be found between direct pulp capping and partial pulpotomy
in adults.

Pulpotomy might be the future technical approach for even case with irreversible
signs of pulpitis — but hemostasis is mandatory.

No systematic clinical evidence is yet available for molars and pulp regeneration.
Moreover, the main focus addresses the necrotic root canal.
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