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Introduction

1.1. Definition and objectives
of vital pulp treatment

In the last few years, clinicians and
scientists in the dental field have
become more aware of the impor-
tance of preserving pulp vitality.
While excavating deep caries lesions
(caries profunda), special attention
should be given to the remaining
dentin layer covering the pulp.
While it has been taught over the
years to excavate caries until reach-
ing healthy, hard dentin (cri denti-
naire), meanwhile it appears justifi-
able to selectively leave infected
dentin close to the pulp in order to
avoid exposure of the pulp tissue
[19]. The traditional methods aim-
ing to preserve the pulp, such as in-
direct or direct pulp capping and
pulpotomies are also addressed. The
standardized classification of revers-
ible and irreversible pulpitis and the
respective associated therapy deci-
sion of pulp preservation versus
vital exstirpation is being ques-
tioned and it appears that the indi-
cations of pulpotomies are expand-
ing. The present scientific work
highlights the current state of
knowledge on vital pulp treatment
strategies and provides recommen-
dations on how to proceed clini-
cally. The collective term maintain-
ing vitality sums up conservative
treatments that protect exposed
dentin and pulp areas from external
stimuli, which prevents the progres-
sion of microorganisms (and com-
ponents of filling materials). After a
pulp capping material is applied, a
bacteria-proof restoration follows.
Key factors are the pulp status at the
time of the procedure and the ex-
tent of the lesion or degree of den-
tin infection. Vital pulp treatment
methods include the treatment of
deep caries lesions (indirect pulp
capping), direct pulp capping, par-
tial and full pulpotomy.

The objective of all vital pulp
treatment strategies is to create a
state that enables the formation of a
hard tissue barrier and the recovery
of tissue, preserving the functionality
and therefore ensuring that a vital
tooth remains in the oral cavity long-
term.

1.2. Function and loss of func-
tion of pulp tissue

The main functions of the dental
pulp include dentin formation dur-
ing tooth development and life span
of the tooth, signal transmission
through proprioreceptors and pain
receptors, immune function towards
invading bacteria and their meta-
bolites, the formation of tertiary den-
tin as a defense mechanism towards
external stimuli, and in the particular
case of juvenile teeth, the completion
of root formation.

If vital pulp therapies are not in-
dicated, root canal treatment should
be performed, where remaining pulp
tissue is ideally completely removed,
the root canals are enlarged, dis-
infected and finally obturated with a
root canal filling material. Although
success rates of over 90 % after
5 years could be achieved following a
thorough approach after vital extir-
pation [42], this procedure goes along
with the complete loss of function of
pulp tissue and can carry disadvan-
tages. The proprioceptive safeguard
mechanism is partially lost. It has
been described that a root canal
treated tooth allows a occlusal load
2.5 times higher than a vital tooth
before a proprioceptive reaction oc-
curs [89]. Even though there is no
evidence of this resulting in a higher
risk of fracture, this may be the case.
Furthermore, changes in root canal
geometry (weakening of the root
canal wall dentin through prepara-
tion), that are inevitable during root
canal treatment, can lead to increased
incidence of fractures [45, 67]. Addi-
tional problems that can possibly
occur during treatment are tooth dis-
colorations [62] and higher suscepti-
bility to caries due to increased
plaque formation and an altered
microflora [77], or due to missing im-
mune response of the pulp-dentin-
complex and the lack of pain percep-
tion as a warning system. A root
canal procedure can present itself as
more complex than initially thought.
Vital pulp therapies are conservative
and cost effective measures [57, 98].

2. Indication for vital pulp
treatment

The invasion of microorganisms and

their metabolites initiates a stimulus
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that results in the development of
an inflammatory reaction of the
pulp. The immune response is me-
diated through cell receptors on
odontoblasts, dendritic cells and
pulp fibroblasts. Initially, this results
in hyperemia and the developing in-
flammatory reaction is characterized
by reduction in cell count, flattening
of the odontoblasts as well as the
immigration of lymphocytes and
plasma cells [92]. This correlates
clinically with the development of a
reversible pulpitis, where it is as-
sumed that the healing of the tissue
could be enabled by therapeutic in-
tervention. There are bacteria detect-
able in the pulp cavity following
persisting stimulus, which results in
micro abscesses and tissue necrosis
that are lined with polymorphonu-
clear neutrophil granulocytes and
inflammatory infiltrates in the pe-
ripheral region [92]. This stage is re-
ferred to as irreversible pulpitis.

Reversible pulpitis is character-
ized by a positive sensibility test and
pain linked to a stimulus.

Irreversible pulpitis is diagnosed
by (increased) positive sensibility,
radiating pain that outlasts the
stimulus or constant pain, pain after
heat and possibly the patient’s insuf-
ficient localizability of the tooth
causing the pain.

Irreversible pulpitis can also
progress asymptomatically [1]. Vital
pulp treatment is indicated only
when the clinical diagnosis of a re-
versible pulpitis is made. According
to current scientific opinion, in case
of an irreversible pulpitis, a healing
of the tissue cannot be predictably
achieved after removing the trigger-
ing stimulus. In this case, the diag-
nosis “irreversible pulpitis” requires
the initiation of root canal treat-
ment. Although there is some evi-
dence that the histological observa-
tions described above correlate with
the clinical diagnosis [92], it should
be mentioned that the clinical clas-
sification of the symptoms yields
little information about the regener-
ative capacity of the tissue. It solely
eases decision-making of the practi-
tioner in terms of therapeutic ap-
proach because a schematic ap-
proach is possible. The diagnosis and
therapy regimen regarding the state
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of the pulp and the resulting therapy
are increasingly questioned. Because
of this, the indication for a pulpot-
omy treatment of irreversible pulpi-
tis is currently in flux and is investi-
gated in clinical studies. According
to current state of knowledge,
measures maintaining vitality can
only be conducted on teeth that do
not exhibit a pronounced pain
symptomatology (reversible pulpi-
tis). Vital pulp treatment can not
and should not be carried out when
the tooth shows no reaction to a
sensitivity test (here the pulp status
must be verified after exposure of
the pulp chamber), if the tooth is
tender to percussion or occlusal
load, exhibits spontaneous or per-
sistent pain, as well as radiographic
signs of a periapical osteolysis.

Further exclusion criteria after
exposure of the pulp chamber in-
clude bleeding that cannot be
stopped, a leakage of serous or puru-
lent exudates, or necrotic tissue that
is no longer supplied with blood.
Teeth should be excluded if bacteria-
proof sealing cannot be assured due
to limited restorability. To avoid an
infection of exposed pulp tissue dur-
ing or after pulp capping, further
conditions must be met. This in-
cludes the usage of sterile instru-
ments, using rubber dam, full caries
excavation as well as the possibility
of immediate and definite bacteria-
proof seal. If these conditions are
not met unequivocally, root canal
treatment (or extraction) is pre-
ferred.

Favorable conditions for main-
taining vitality are given in a juve-
nile pulp without damage [109].
With increasing age, a reduced re-
generative capacity is expected due
to changes in terms of a reduced cell
number and increased content of
fibrous tissue [48, 80]. Nevertheless,
the patient age plays a subordinate
role with regard to treatment success
[6, 30, 33, 37, 44, 59, 65, 70, 75,
107]. The same applies to factors
such as the tooth position, size or lo-
cation of pulp exposure [35].

In general, it must be noted that
success rates of vital pulp treatment
described in the literature vary sig-
nificantly, especially for direct pulp
capping after carious exposure. Prior

clinical setbacks (within days or
weeks) are multifactorial, but cer-
tainly correlate with improper diag-
nosis of the state of the pulp. This
can result in underestimating the
level of inflammation of the pulp,
from which irreversible pulpitis and
pulp necrosis can develop that can
lead to postoperative pain.

3. Indirect pulp capping

In the German dental literature, in-
direct pulp capping refers to the
treatment of a thin, caries-free layer
of dentine close to the pulp [96]. Be-
cause this situation generally arises
when a deep caries is excavated, in-
direct pulp capping is also referred
to as treatment of profound caries.
In English language literature the
term “indirect pulp capping” is de-
fined differently; it refers to the per-
manent capping of a thin layer of af-
fected or infected dentin, where
complete excavation during a sec-
ond appointment is omitted [9, 40].
Since only a minimal dentin layer
remains above the pulp tissue, there
is a risk of irreversible inflammation
of the pulp through the dentinal
tubules: on one hand, this can occur
through microorganisms remaining
in or having penetrated the tissue, or
through cytotoxic components of
filling materials that diffuse through
the remaining dentin. The capping
material is expected to disinfect den-
tin close to the pulp, seal the pulp
tissue and stimulate the formation
of tertiary dentin [91]. This form of
tertiary dentin is also referred to as
reactionary dentin, which by defini-
tion is formed by surviving post-
mitotic primary odontoblasts [101].
Therefore, indirect pulp capping
protects the vital pulp, particularly
after caries excavation. In the case of
a reversible pulpitis, indirect pulp
capping should create conditions for
pulp healing. Despite comprehen-
sive reasons that favor a separate
treatment of dentin close to the pulp
in the sense of direct pulp capping,
it has to be noted that there is no
evidence in favor of this therapy
from clinical studies [19].

An indirect pulp capping should
be performed under controlled iso-
lation using rubber dam. To avoid
cross-contamination, it is recom-

mended to disinfect the clinical
crown before excavation using so-
dium hypochlorite (NaOCl; 1-5 %)
or chlorhexidine-gluconate (CHX;
2 %).

Microorganisms and spreading
carious processes pose a threat to the
pulp [93]. Therefore, the number of
microorganisms in the cavity and
close to the pulp should be reduced
to a minimum. The issue of how
much infected dentin can remain in
order to enable healing of the pulp is
not entirely resolved [19].

After successful excavation, the
cavity is to be cleaned with NaOCl
or CHX and water spray [18, 22].
There is no need to fear damage of
the pulp tissue when applying
NaOCI [95]. Materials used for indi-
rect pulp capping are supposed to
kill microorganisms close to the
pulp, neutralize acidic tissue result-
ing from the carious defect, remin-
eralize dentin and stimulate the pulp
to form tertiary dentin [72]. Tradi-
tionally, calcium hydroxide has been
recommended since the 1930s [55].
Because of the disadvantages of sol-
uble calcium hydroxide suspensions,
the usage of hydraulic calcium sili-
cate-based cements today is possibly
a better alternative for indirect pulp
capping [3]. A definitive adhesive
restoration is supposed to follow any
kind of pulp capping material in the
same session. After indirect pulp
capping the formation of reaction-
ary dentin can follow, however, de-
pending on the odontoblasts’ degree
of damage the repair and deposition
of an atubular hard tissue is more
likely. Reactionary and reparative
dentin can be found located right
next to each other histologically
[91].

4. Direct pulp capping

Direct pulp capping is defined as the
treatment of an exposed pulp, which
can be caused by caries, preparation
measures or dental trauma. The indi-
cation is given when “reversible pul-
pitis” is diagnosed.

After clinical and radiological as-
sessment, the tooth is isolated using
rubber dam and the clinical crown is
disinfected. It is important to use
sterile instruments. The complete
excavation of caries is carried out
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with slowly rotating round burs and
hand instruments from the periph-
eral to the central region, ideally
using magnification (dental loupe,
microscope). To reach hemostasis
and disinfection, it is advised to use
pellets soaked in sodium hypochlo-
rite. This is followed by the appli-
cation of a calcium hydroxide sus-
pension or a hydraulic calcium sili-
cate-based cement on the exposed
pulp and the surrounding dentin,
where a sufficiently broad seam
must remain available for the adhe-
sive restoration. To avoid uninten-
tional removal of pulp capping ma-
terial when sealing the cavity, it is
advised to layer a hard-setting ma-
terial. Subsequently, the dentin
should be sprayed with water thor-
oughly to minimize negative im-
pacts of disinfecting solution on the
adhesive bond. The definitive adhe-
sive restoration should follow in the
same session. Because pulp exposure
is associated with demise of the local
odontoblasts, the hard tissue
formation induced by the pulp cap-
ping procedure is regarded as a re-
pair process in which a mineral-
ization tissue develops, usually form-
ed by fibroblasts [91].

5. Pulpotomy

Pulpotomy (pulp amputation) is a
method to maintain vitality of the
pulp after artificial exposure of the
coronal pulp (iatrogenic, traumatic).
The coronal pulp is partially ampu-
tated (partial pulpotomy) or ampu-
tated at the level of the root canal
orifices (full or cervical pulpotomy)
and treated similar to direct pulp cap-
ping after successful hemostasis [1,
63].

5.1. Partial pulpotomy

During a partial pulpotomy the co-
ronal pulp is reduced by 2 mm from
the area of exposure to remove po-
tentially inflamed irreversibly da-
maged parts of pulp tissue and
maintain vitality of the remaining
pulp [15]. Partial pulpotomy is pre-
ferably conducted using a small dia-
mond bur [51] that removes the co-
ronal 2 mm of the pulp in a high-
speed manner, ideally with continu-
ous rinsing using saline solution
[40]. For practical reasons, pulp am-

putation is often conducted under
water cooling using a handpiece
[41]. There is no evidence that the
use of cooling water from an accu-
rately reconditioned and prepared
handpiece will lead to lower success
rates.

Similar to direct pulp capping,
during partial pulpotomy the rinsing
of the site of amputation with
NaOClI is recommended until the
bleeding is suspended. Provided that
the formation of a blood clot is pre-
vented, the same pulp repair mech-
anisms of direct pulp capping are to
be expected [24, 33]. If the remain-
ing pulp is healthy, the bleeding is
expected to suspend within 5 min-
utes. If hemostasis has not taken
place within this time, it may be
concluded the pulp has not been re-
duced to a healthy level. In this case,
the removal of the entire coronal
pulp, a full pulpotomy, can be con-
sidered as the last possible measure
to maintain vitality [63].

A calcium hydroxide suspension
or hydraulic calcium silicate-based
cement is applied to the artificially
exposed pulp surface and covered
with a thin layer of curing material
[24].

Because more pulp capping ma-
terial is used in partial pulpotomies
than direct pulp capping, there
would be a greater risk of tooth dis-
coloration when using hydraulic cal-
cium silicate-based cements [63].
The bacteria-proof restoration fol-
lows.

5.2. Full pulpotomy

Full pulpotomy is defined as the re-
moval of the entire coronal pulp,
whereas the radicular pulp that is to
be preserved is capped at the height
of the root canal orifices. Further
steps take place according to a partial
pulpotomy, followed by a definitive
bacteria-proof restoration [63].

6. Pulp capping materials

6.1. Preparations containing
calcium hydroxide

Calcium hydroxide is still com-

monly used as a pulp capping ma-

terial today. In aqueous suspensions

it has a high pH value, a bactericide

effect, can neutralize bacterial acids
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and lipopolysaccharides in dentin
and results in the release of dentin-
bound growth factors [S0]. Calcium
hydroxide therefore supports
formation of hard tissues and heal-
ing of the pulp [39, 102]. Disadvan-
tages are the mechanical instability
and the absorption of the material
over time [10, 49]. After applying
calcium hydroxide, porosities (“tun-
nel defects”) in the reparative dentin
are observed, which can act as an
entry point for microorganisms [28].
The high pH value of aqueous cal-
cium hydroxide suspensions results
in liquefactive (or colliquative) ne-
crosis if in direct tissue contact
[103]. Calcium hydroxide is sup-
posed to be applied sparingly in the
area of exposed pulp and adjacent
dentin [10, 103, 104]. Calcium hy-
droxide in aqueous suspensions
would be preferable to other calcium
hydroxide combinations (calcium
salicylate cements, liners or putties).
These exhibit a significantly lower
release of hydroxyl ions [105], a con-
tinuous disintegration beneath the
main filling [10], they induce a
slower and less dense hard tissue
formation [86] and a few additives,
that cause the setting of the materi-
als and possibly have a toxic effect
on the pulp [69].

New light-curing liners and ce-
ments with calcium hydroxide or
MTA-additives (product examples:
Ultrablend Plus, Ultradent, South
Jordan, USA; Calcimol LC, VOCO,
Cuxhaven, Germany or TheraCal
LC, Bisco, Schaumburg, USA) should
be regarded as critical. These prod-
ucts are missing the specific calcium
hydroxide effect that triggers bioac-
tivity [21,106].

A cytotoxicity of these products
is clearly verified and can be traced
back to the monomer content [52].
According to current data, it is not
advisable to perform pulp capping
with light-curing materials contain-
ing calcium hydroxide or calcium
silicates.

6.2. Dentin adhesives and
composite resins

Two decades ago, the use of dentin

adhesives has been propagated for

pulp capping procedures [26, 27,

29], based on the idea that the bacte-
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ria-proof seal is key for the success of
maintaining vitality [3, 97]. How-
ever, dentin adhesives contain
monomers that result in moisture-
related incomplete polymerization
and therefore have a toxic effect that
largely remains close to the pulp [25,
36, 78]. It was proven that com-
ponents of dentin adhesives inhibit
the ability of pulp cells to form hard
tissue [47]. Dentin adhesives and
composite resins are not biocompat-
ible [25] and therefore cannot be
recommended as pulp capping ma-
terials [3].

6.3. Calcium silicate-based
hydraulic cements

With the introduction of hydraulic
calcium silicate-based cements, such
as mineral trioxide aggregate (MTA),
aqueous calcium hydroxide suspen-
sions are not seen as the first choice
material for vital pulp treatment [3,
22]. Hydraulic calcium silicate-based
cements are similar to Portland ce-
ment, which is well known in the
construction industry. They are
known as “hydraulic”, because they
set and are resistant in contact to air
as well as under water [14]. Calcium
silicate-based =~ cements  consist
mainly of dicalcium or tricalcium
silicates and are mixed with water.
During the reaction and subsequent
setting, calcium hydroxide is re-
leased over a longer period of time
[14], which may explain the pro-
longed antibacterial properties [84].

Hydraulic calcium silicate-based
cements are biocompatible and pro-
mote pulp cells to form hard tissue
[111]. Mineral contents of the ce-
ment interact with the dentin [§],
which results in a dentin adhesion
similar to glass ionomer cements
[60]. The advantage compared to cal-
cium hydroxide products is the in-
creased mechanical strength [34].
Even though more long-term clini-
cal studies on vital pulp therapy
with hydraulic calcium silicate-based
cements would be preferable, they
seem to be better suited for pulp
capping than calcium hydroxide [3,
56, 64, 76].

Hydraulic calcium silicate-based
cements may lead to tooth discolor-
ation, which can be especially prob-
lematic in anterior teeth, for

example after trauma [79]. This can
be caused by the heavy metals in-
cluded like bismuth oxide as radio-
pacifier [13, 38] or iron [99]. Ox-
idation of these metals after contact
with sodium hypochlorite or the ab-
sorption of blood components play
an important role [20, 66, 99]. In hy-
draulic calcium silicate-based ce-
ments that contain less or few heavy
metals, the risk of discoloration is
reduced. Calcium silicate-based ce-
ments, that contain zirconium oxide
or tantalum oxide appear to be es-
pecially color-stable [79]. Lipski et al.
(2018) did not detect any grayish
discoloration in any case with such a
cement 18 months after direct pulp
capping. However, tooth discolor-
ation has been proven in vitro for
these materials in the presence of
blood [99]. In vital pulp therapy
after pulp exposure, contact between
these capping materials and blood is
inevitable. However, this seems un-
problematic from an aesthetic view-
point at least in posterior teeth [79].

7. Vital pulp treatment after
trauma-induced pulp
exposure

In most cases, pulp exposure caused

by dental trauma offers an ideal set-

ting for vital pulp treatment, par-
ticularly in sound teeth without
any predamage of the pulp and pro-
vided that the procedures are carried
out accurately. In order to simulate
the conditions after dental trauma,
coronal pulp exposure was induced
in an earlier animal study in mon-
keys. Dental pulps were directly ex-
posed to the oral cavity for 3 hours,
2 days and 7 days, and histologically
examined afterwards. Inflammatory
pulp changes were found depending
on the duration of exposition, how-
ever, even after 7 days of exposure
these were limited to the coronal
2 mm [32]. Heide und Mjor confirm-
ed these results in 1983 and stated
that a partial pulpotomy with re-
moving 2 mm of coronal pulp tissue
can be successful after several days
of contact of the pulpal tissue with
the oral cavity [54]. It must be taken
into account that additional lux-
ation injuries compromises the cir-
culation and thus the healing capac-
ity of the pulp [94].

8. Vital pulp treatment after

carious pulp exposure
In comparison to teeth with trauma-
induced pulp exposure, teeth with
a carious exposure have inflamed
pulps due to longer term contact
with bacterial toxins or even bacterial
invasion. Lesion size, bacterial spec-
trum and speed of progression im-
pact pulpal status. When treating
dentin in deep lesions in the sense of
indirect pulp capping, the transition
to direct pulp capping is fluent. Even
the remaining dentin layer is affected
by the cutting of odontoblast pro-
cesses close to the pulp. When pulp
tissue is exposed punctiform, it can
go clinically unnoticed and a thor-
ough inspection of the cavity using a
dental loupe is advised.

Even after full caries excavation
and thorough disinfection, micro-
organisms can still be left behind. It
is therefore recommended to apply
capping material not only to the area
of the pulp exposure, but also the
surrounding dentin to treat bacteria
effectively. This increases the success
rate of pulp capping especially in
teeth with deep caries [18]. For cal-
cium hydroxide, it should be noted
that extensive application can lead to
disintegration and mechanic instabil-
ity [10, 49]. Furthermore, after pulp
exposure in carious dentin a con-
tamination of tissue with infected
dentin chips is possible. When the
exposure of the pulp can be antici-
pated, it is recommended to use a
new, sterile round bur. Because the
capping of pulp tissue is only indi-
cated after full caries excavation, a
pulpotomy can be considered when
pulp tissue is exposed to cariously in-
fected dentin after excavation. In-
fected dentin chips that have already
been transported into the pulp and
damaged tissue parts can be removed
and the conditions for pulp healing
can be improved.

9. Follow-up and success
rates

The failure of vital pulp treatment
may be caused by an infection that
can be attributed to remaining micro-
organisms or the intrusion of new
bacteria along a gap between tooth
and filling material in defective resto-
rations [82]. In the process, pulp ne-
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crosis and formation of periapical in-
flammation can occur unnoticed.
This is why the sensibility after vital
pulp treatment should be tested regu-
larly, after 3, 6, and 12 months and
annually thereafter. A thermal sensi-
bility test is suitable using refrigerant
spray or CO, dry ice. A reduced reac-
tion is to be expected after partial
and especially cervical pulpotomy,
and is not to be seen as a criteria for
failure. A radiographic examination is
only recommended in the case of a
negative sensibility test [61]. It
should be noted that a possible
formation of new hard tissue around
the point of exposure, or rather the
site of amputation, cannot be clearly
judged radiologically. Also a minor
widening of the periodontal ligament
space must not necessarily have any
pathological meaning [2].

A clinical treatment success after
vital pulp treatment is when the
teeth can be classified as “asympto-
matic”, which means when they
react to a sensibility test, there is no
spontaneous pain, no pain on pal-
pation or percussion, and no swell-
ing present. Radiographic changes
such as a periapical lesion must not
be visible. If a tooth does not react
to a sensibility test, or is tender to
percussion and/or palpation, or
presents a periapical radiolucency it
can be assumed that the treatment
was a failure. Teeth, where a root
canal treatment or an extraction is
indicated after pulp capping, repre-
sent a failure of treatment [35].

The studies available suggest, that
after partial pulpotomy there is no
increased risk for pulp canal obliter-
ation [11, 59, 74, 88]. In comparison,
the long-term risk for obliterations is
higher after a full pulpotomy. While
the risk is considered very low during
the first 2 years [5, 46, 100], partial
obliterations occur in 30 % of the
cases after a mean observation period
of 3 years [70] and occur in nearly
40 % of the cases after a mean obser-
vation period of 4,8 years.

Vital pulp treatment after trau-
ma offers high success rates if the
pulp was not previously damaged or
the circulation compromised due to
luxation injury. The prognosis for
direct pulp capping using calcium
hydroxide is 54 %-90 % [43, 53, 90].

Partial pulpotomy using the same
material exhibits higher success
rates of 86 %-100 % [4, 30, 31, 33,
37, 53, 109] and is therefore fa-
vored. It remains to be seen if the
success rates achieved with calcium
hydroxide suspensions in partial
pulpotomies after trauma-induced
pulp exposure can be increased by a
clinically relevant amount when
hydraulic calcium silicate-based ce-
ments are used instead [63].

Although the conditions for vital
pulp therapies after carious pulp ex-
posure appear unfavorable compared
to trauma-induced exposure, decent
success rates are still possible. These
rates lie at 62 % and 98 % after 3 to
10 years in indirect pulp capping
using calcium hydroxide prepara-
tions [3, 58]. There are only few
studies in the literature regarding hy-
draulic calcium silicate-based ce-
ments and indirect pulp capping, so
that further investigations concern-
ing this appear necessary [85]. Clini-
cally and radiographically, teeth
treated with indirect pulp capping
using MTA show higher success rates
after 3 months compared to using a
setting calcium salicylate cement
(Dycal, Dentsply Sirona, Konstanz,
Germany). After 6 months, this result
is put into perspective [68].

The listed success rates in the lit-
erature for direct pulp capping dur-
ing caries excavation vary substan-
tially [12, 56, 76]. Under the prem-
ise of correct indication and techni-
cal implementation, direct pulp
capping using calcium hydroxide
can reach success rates of nearly
60 % after 10 years [76, 110]. Suc-
cess rates after using hydraulic cal-
cium silicate-based cements such as
mineral trioxide aggregate (MTA)
are even higher at 80 % [56, 64, 71,
76].

For partial pulpotomy after cari-
ous pulp exposure using hydraulic
calcium silicate-based cements the
success rates are 85 %-97 % after
2 years and 94 % after 4 years [74].

Success rates of full pulpotomies
using hydraulic calcium silicate-
based cements are at 74 %-100 %
after 1 to 5 years [5-7, 46, 70, 81,
87, 100, 107]. It is worth mention-
ing that the cited studies concern-
ing full pulpotomies also included
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teeth that were diagnosed with irre-
versible pulpitis. If further studies
confirm the data over a longer peri-
od of time, the indications for vital
pulp tretment could be extended to
teeth diagnosed with irreversibly da-
maged pulp areas (irreversible pulpi-
tis). During a partial or full pulpoto-
my, these areas can be targeted and
removed selectively, in order to pre-
serve vitality of the remaining pulp.

Despite the overall favorable suc-
cess rates for vital pulp treatment
after carious exposure, the selective
or step-wise excavation method is
another treatment alternative with
comparable success rates. These
approaches have demonstrated
S-year success rates ranging between
56 % (step-wise excavation) and
80 % (selective excavation) [73]. A
clinically relevant difference regard-
ing the success rates of a pulp cap-
ping or pulpotomy compared to the
selective or step-wise caries exca-
vation cannot be verified.

Only one clinical investigation
exists that compares both treatment
strategies directly and published data
after 1 and 5 years [16, 17]. In this
study, the prognoses of the step-wise
excavation and full excavation with
subsequent direct capping were com-
pared. After stepwise caries exca-
vation, preservation of pulp vitality
after 5 years was possible in 60 % of
the cases. In contrast, the prognosis
after direct pulp capping and partial
pulpotomy during the same observa-
tion period was 6 % and 11 %, re-
spectively [16]. These success rates are
considerably lower than those of
other clinical trials. The highly unfa-
vorable results in that study may be
attributed to the fact that the cavity
was restored only with a temporary
filling for 8-10 weeks after pulp cap-
ping or partial pulpotomy instead of
an immediate definite restoration
[16]. Furthermore, the lack of dis-
infection after pulp exposure, as well
as the choice of pulp capping materi-
al (Dycal), are considered unfavor-
able. These factors might have con-
tributed to the low success rates in
the study. The data does not match
the remaining literature, which at-
tests a favorable prognosis for vital
pulp treatment after carious pulp ex-
posure if properly performed.
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10. Final evaluation of

vital pulp treatment

strategies
The improved understanding of the
interaction between microorganisms
and tissue response led to increased
use of minimally invasive, tissue con-
serving treatment concepts in conser-
vative dentistry in the last few years.
With this in mind, vital pulp treat-
ment strategies can preserve func-
tional endogenous pulp tissue and
avoid its replacement with synthetic
materials.

Maintaining pulp vitality should
always be aspired to when the indi-
cation is given.

According to the current state of
knowledge, the evaluation that
measures maintaining vitality are
considered uncertain is obsolete.
Provided that a careful assessment
and adequate implementation of all
required treatment steps took place,
the prognosis of vital pulp treatment
can be considered to be very good,
thus improving conditions for long-
term tooth conservation.

It is not possible to prove higher
success rates for the currently propa-
gated selective or stepwise caries ex-
cavation methods as opposed to
vital pulp treatment after complete
excavation and pulp exposure.

It is the responsibility of well-de-
signed, future clinical studies to find
out which approach offers better long-
term conditions for maintaining pulp
vitality. For teeth diagnosed with irre-
versible pulpitis, future trials need to
evaluate whether pulp vitality can be
maintained on long-term if irrevers-
ibly damaged pulp areas are removed.
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