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Abstract

Background: This review and meta-analysis investigates the outcome of direct pulp capping in teeth diagnosed as
irreversible pulpitis.

Material and Methods: This systematic review includes experimental and descriptive clinical studies according to
the PRISMA criteria, using PubMed and Scopus as database. We have included studies that performed direct pulp
capping on human permanent teeth previously diagnosed with irreversible pulpitis and that carried out a subsequent
follow-up. The outcome of interest was the clinical success of direct pulp capping.

Results: A total of four studies met the inclusion criteria for this review, however only three of these could be inclu-
ded in the meta-analysis. These three studies represent a total sample of 62 teeth with irreversible pulpitis treated
with direct pulp capping that showed an overall success rate of 0.953 (CI=0.900-1.005; p<0.001; I*=0). Additio-
nally, the success rates of vital pulp therapies were compared, all of them being greater than 75%; and the success
rates of the materials used were analyzed, giving values above 80% in all cases. The risk of bias of the included
articles was established using the ROBINS-I tool, showing that two of the articles had a moderate risk of bias and
the remaining two had a very high risk of bias.

Conclusions: Based on the results of this review, direct pulp capping should be clinically included as a successful
technique for the treatment of irreversible pulpitis. However, a larger number of studies with more rigorous metho-
dologies are necessary to confirm the efficacy of this technique.

Key words: Irreversible pulpitis, direct pulp capping (DPC), vital pulp therapy (VPT), indirect pulp capping
(IPC), partial pulpotomy, total pulpotomy.
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Introduction

Classically, the American Association of Endodontists
has classified inflammatory pulp disease into two types,
reversible pulpitis and irreversible pulpitis, the latter be-
ing the one that corresponds to the inability of the pulp
organ to heal (1). In addition, irreversible pulpitis has
been associated with persistent pain that does not disa-
ppear when the stimulus does, spontaneous pain and its
increase at night and when the patient is placed in the
supine position (2). The diagnosis of irreversible pulpitis
correlated with the need for root canal treatment (RCT).
On the contrary, the diagnosis of reversible pulpitis in-
dicates vital pulp therapy procedures, such as indirect or
direct pulp capping and partial or complete pulpotomy
(3).

One of the vital pulp therapies for the treatment of tee-
th with reversible pulpitis is direct pulp capping (DPC),
defined as the procedure in which a material (calcium
hydroxide or an hydraulic calcium silicate cement), is
directly placed over the exposed vital dental pulp to pre-
serve dental vitality (4). DPC is considered as a mini-
mally invasive approach in the treatment of deep caries
lesions causing reversible pulpitis, avoiding the necessi-
ty to perform a root canal treatment (5). A recently publi-
shed systematic review conclude a high success rate for
DPC in teeth with cariously exposed pulps (6).
However, the results of studies carried out in the last
years have shown that teeth diagnosed with irreversi-
ble pulpitis have achieved clinical cure after vital pulp
therapy procedures, including DPC (13). These data
suggest that considering RCT as the only therapy for
teeth diagnosed with irreversible pulpitis could suppose
an unnecessary overtreatment (7). Moreover, these re-
sults have led to propose a new classification of pulpal
inflammatory pathology with much more conservative
treatment options (9). On the other hand, maintaining
vital dental pulp with DPC has several advantages: it
preserves the structural integrity and the immunologi-
cal functions of the tooth, it is a simpler technique that
requires less time, less equipment and fewer materials
from the dentist, and, in addition, it is a less expensive
procedure for the patient, which causes less pain (9).
The objective of this systematic review and meta-analy-
sis was to analyse the scientific literature investigating
the outcome of DPC performed on teeth diagnosed with
irreversible pulpitis.

Material and Methods

-PICO question

The PICO question was as follows: in human permanent
teeth diagnosed with irreversible pulpitis (P), is direct
pulp capping (1), clinically successful (O)?

-Literature search strategy

Two examiners (PRG and JISE) carried out the litera-
ture search in the PubMed and Scopus databases. The
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search included all articles registered up to December
23, 2021. For the search strategy, the following combi-
nation of MeSH terms and keywords was used: direct
pulp capping AND (outcome OR success OR efficacy)
AND pulpitis AND (irreversible OR symptomatic).
-Eligibility criteria

For the selection of articles, and in accordance with the
PICO question, the following inclusion criteria have
been taken into account: human clinical studies, inclu-
ding permanent teeth with preoperative diagnosis of
irreversible pulpitis, treated with DPC, with assessment
of the clinical outcome. Consequently, exclusion criteria
were: case reports, experimental studies using extracted
teeth, studies using non-human teeth or temporary teeth,
clinical studies including teeth with reversible pulpitis or
that did not make any classification of pulpal pathology,
as well as those that performed other vital pulp therapy
techniques or that they did not follow up on the case. No
exclusions were made based on language or publication
date of the study.

-Study selection

Two authors (PR-G and JJS-E) selected the studies.
Firstly, duplicated studies were eliminated. In a second
phase, those articles that, according to their title or the
content of their abstract, failed to meet any of the in-
clusion criteria mentioned above were excluded. Finally,
the remaining articles were read in full and those that,
due to their content, did not meet the inclusion criteria or
were systematic reviews were eliminated.

-Data extraction and quality assessment

Selected studies were assessed for internal risk of bias
using the ROBINS-I tool (10). The following parame-
ters were considered: random sequence generation (i),
allocation concealment (ii), blinding of participants
and personnel (iii), blinding of outcome assessment
(iv), incomplete outcome data (v), selective notifica-
tion (vi) and other biases (vii). The results were registe-
red as present (+), absent (x) or unknown (-). To assess
the risk of bias of each study, those that met only one
or two parameters were considered to have a high risk
of bias, those that met three or four parameters were
classified as moderate risk of bias, and if they met five
or six of the parameters were considered of low risk
of bias.

-Meta-analysis

The primary outcome variable was the clinical success
rate of DPC in teeth with irreversible pulpitis, expressed
as a percentage, taking into account a 95% confidence
interval.

The meta-analysis included those studies that took into
account the preoperative pulp status and studied the cli-
nical efficacy of DPC in them. Those studies that did not
determine the pulp status of teeth that developed clinical
failure after DPC treatment were excluded from the me-
ta-analysis.
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The OpenMetaAnalyst software, was used to perform the
meta-analysis. As the included studies had different de-
signs and the sample size was small, the random effects
inverse variance model was used in the meta-analysis to
determine the success rate. The meta-analysis was repre-
sented in a forest plot.

To estimate the heterogeneity of the included studies, the
I? value was calculated. Heterogeneity was considered
high when the I? value was greater than 75%, moderate
if it was between 50% and 75%, slight if it was between
25% and 50%; and low if it was less than 25%.

Studies identified after the search
strategy (n=46)

|

Studies after removal of duplicates
(n=44)

|

I Selected Studies (n=31) I

|

Selected studies for full text
analysis (n=12)

|

Studies included in the systematic
review (n=4)

|

Studies included in the meta-
analysis (n=3)
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Results

-Literature search an study selection

After the literature search, 46 studies were selected,
which after eliminating duplicates, made up 44 studies
(Fig. 1). After the analysis of the titles, 13 studies were
excluded. Of the remaining 31 studies, 19 were exclu-
ded after reviewing their abstracts. Finally, a detailed
reading of the complete texts of the 12 selected studies
was carried. After complete reading, eight articles did
not met the inclusion criteria and were eliminated (Table
1). Therefore, four studies were included in the systema-

Studies excluded by their title
(n=13)

Excluded studies based on
assessment of their abstract (n=19)

Studies excluded after reading
their full text (n=8)

Fig. 1: Flow diagram of the search strategy of the systematic review and meta-analysis.

Table 1: Excluded articles and reasons for the exclusion.

Reasons for exclusion

Author/year

Treats only one clinical case

Asgary S et al. 2012 (17)

They are systematic reviews

Taha et al. 2020 (14)
Li et al. 2015 (15)

Excludes diagnosed cases of irreversible pulpitis

Song et al. 2015 (18)
Bjorndal ez al. 2014 (19)
Dammaschke et al. 2010 (20)
Witherspoon 2008 (21)
Komabayashi et al. 2010 (21)
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tic review: Asgary et al. (2018) (11), Parinyaprom ef al.
(2018) (12), Asgary et al. (2014) (13) and Matsuo et al.
(1996) (16).

-Characteristics of included studies

The general characteristics of the four studies included
in this review are summarized in Table 2. All of them

Table 2: General characteristics of included studies.

Direct pulp capping and irreversible pulpitis

with IPC, 76 treated with partial pulpotomy, and 69 with
total pulpotomy. In the Paranyaprom study in 2018 (12),
the sample is much smaller, with 55 teeth involved, of
which 27 were treated with ProRoot MTA and 28 with
Biodentine. In the Asgary study in 2014 (13), the sam-
ple used was 94 teeth, 28 of them treated with IPC, 28

Author 1. Asgary S et al. 2. Paranyaprom N et al. | 3. Asgary S et al. 4. Matsuo T el al.
Year 2018 2018 2014 1996
Type of study Randomlz-ed clinical Randomlz.ed clinical Clinical case series Clinical trial
trial trial
302 mature molars with .
irreversible pulpitis >3 teeth W%th norma.ﬂ. 94 mature teeth with | 44 mature teeth with
Sample . pulp, reversible pulpitis | . . . .
and/or apical - . . irreversible pulpitis | carious pulp exposure
. .. or irreversible pulpitis
periodontitis
IPC, DPC, partial IPC, DPC, partial Influence of
Compared ? P DCP with different > P preoperative and in-
. pulpotomy and total . pulpotomy and total .
techniques materials traoperative factors on
pulpotomy pulpotomy DPC
Fast-setting Ca(OH),-
Used material CEM PrOR.OOt M.T Aor CEM based
Biodentine
cement
Success rate of 85.7%
0,
91% success rate Success rate of 92.6% fl(?roaqol s\l/llc)i:re:(zzeitet exwehrei:;lnt:eeg shezlire
Result regardless of the TPV | using ProRoot MTA and xeep p .
technique used 96.4% using Biodentine for the dpc which had | spontaneous pain and
’ a 96.4% success rate | 80% when it had been
mild
Quality (Oxford) 1 1 4 2

deal with more or less extensive samples of teeth with
deep caries, the removal of which most likely leads to
exposure of the pulp tissue. The studies carried out by
Asgary et al. in 2018 and 2014 (11,13), seek to com-
pare the efficacy of the different Vital Pulp Therapies
(IPC, DPC, partial pulpotomy and total pulpotomy) in
permanent teeth with closed apex, that is, mature, with
a diagnosis of irreversible pulpitis. In addition, the 2018
study (11) also studies the impact of suffering from api-
cal periodontitis on the aforementioned teeth. On the
other hand, the study by Paranyaprom et al. in 2018 (12)
compares the DPC technique performed with ProRoot
MTA or Biodentine in teeth with healthy pulp, reversi-
ble pulpitis or irreversible pulpitis. Finally, the study by
Matsuo et al. (1996) (16) investigated the influence of
various preoperative and intraoperative factors on the
success of DPC procedure in teeth with pulp exposures
due to caries in all cases.

Taking into account the samples of the different studies,
these differ greatly between them. Asgary’s study in
2018 (11) presents a very large sample of 302 partici-
pants, 73 of whom were treated with DPC, 84 treated

e597

with DPC, 29 with partial pulpotomy and 9 with total
pulpotomy. Finally, in the study by Matsuo in 1996, the
sample had 44 teeth, of which only 11 had irreversible
pulpitis, treating as a diagnostic factor that they had ex-
perienced spontaneous pain prior to treatment, whether
severe or mild. The rest of the sample denied having pre-
viously experienced spontaneous pain.

Taking into account the procedure used for the DPC
technique, it was very similar in all the articles. In the
first three articles (11-13) local anesthesia was applied
and absolute isolation was performed with a rubber
dam, however, in the study by Matsuo (16) isolation
was performed without the application of anesthesia
and the removal of the carious lesion until the patient
manifested pain, at which time it was decided to ad-
minister anesthesia. All used lidocaine with epinephri-
ne (1:80,000) as anesthetic agent, except for the Pa-
ranyaprom study in 2018 (12) that used articaine with
epinephrine (1:100,000). It should be noted that in the
study by Matsuo (16) the anesthetic used is not speci-
fied. Subsequently, in all cases the caries was completely
removed and the pulp tissue was exposed. Next, for the
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cleaning of the cavity and the production of hemostasis
of the pulp, the Asgary study in 2018 (11) used saline
as an irrigator and placed a sterile cotton ball soaked in
0.2% chlorhexidine for 5 minutes to achieve hemosta-
sis. If this was not achieved, a sterile cotton ball soaked
in 5.25% sodium hypochlorite was placed. However,
in the rest of the articles, the agent used for this purpose
is sodium hypochlorite with a concentration of 2.5% in
the Paranyaprom study in 2018 (12), 5.25% in the As-
gary study in 2014 (13) and 10% in the study by Matsuo
in 1996 (16), which carried out successive washes with
hypochlorite and hydrogen peroxide at 3%. Focusing on
the DPC itself, two of the studies (11,13) used CEM as the
material while the Paranyaprom study used ProRoot MTA
or Biodentine and the Matsuo study used different brands
of quick-setting calcium hydroxide-based cements. In
Asgary’s study in 2018 (11), the CEM was covered with
resin-modified glass ionomer (Vitrebond) and the sample
teeth were filled with composite resin. On the other hand,
in the Paranyaprom study (12), only glass ionomer was
placed on MTA and not on Biodentine, and the teeth were
restored with composite resin, amalgam or metal crowns
depending on the amount of destruction they presented. In
the study by Asgary in 2014 (13), the studied teeth were
filled with composite resin, silver amalgam or ionomer
and in the study by Matsuo in 1996 (16) calcium hydroxi-
de-based cement was covered with zinc oxide-eugenol
cement and temporarily restored for 3 months with glass
ionomer. Subsequently, if the tooth showed no signs of
failure, it was permanently filled.

Finally, the results of the included studies, show a suc-
cess rate of the different treatment modalities analysed
remarkably high, exceeding 90% in the majority of the
cases. Specifically, in the study by Asgary in 2018 (11),
the success rate is 91%, regardless of the VPT technique
used and the presence or absence of periapical patholo-
gy. On the other hand, in the Paranyaprom study (12),
the global success rate was 94.5%, being 92.6% in the
treatments carried out with ProRoot MTA and 96.4%
in those carried out with Biodentine, without statisti-
cal significant differences between the two. In Asgary’s
study in 2014 (13), only one of the treated teeth failed
and developed postoperative signs and symptoms of in-
flammation, which had been treated with DPC, thus the
success rate for IPC, partial pulpotomy and total pulpo-
tomy was 100%, reducing to 96.4% in the case of DPC.
Lastly, in the study by Matsuo in 1996 (16) the success
rate was lower than in previous studies, being 85.7% in
cases where the patient had experienced severe sponta-
neous pain prior to treatment and this rate was reduced
to 80% if the spontancous pain experienced by the pa-
tient had been mild.

-Specific characteristics:

The specific characteristics of each of the articles are
summarized in Table 3.

€598

Direct pulp capping and irreversible pulpitis

Considering the samples of each of the studies, only the
studies by Asgary in 2018 (11) and Paranyaprom in 2018
(12), specify how they have calculated the sample size.
Both have determined an o= 0.05, however Asgary uses
a power of 90% while Paranyaprom determines a value
of 80% for the power. As both studies assume a loss of
20%, the sample size for the 2018 Asgary study (11) will
be 50 cases for each treatment and in the Paranyaprom
study (12) it will be 28 cases for each treatment. Re-
garding the assignment of the patients to the different
groups, the first two studies (11,12) carried it out ran-
domly. The study by Asgary et al. (2014) (13) selected
each type of treatment to be carried out according to the
clinical judgment of the operator, whereas in the study
by Matsuo et al. (1996) (16), patients were classified
into different groups according to the preoperative or
intraoperative factor to be studied. In the case of eva-
luating the history of dental pain, which is the factor that
concerns this review, patients are divided into 4 groups
according to whether the spontaneous pain has been se-
vere, mild, has not existed or is uncertain.

Regarding the operators, it should be noted that in the
first article (11) they were dentists from the operative
dentistry department of the Imam Khomeini Dental Cli-
nic, Tehran, Iran. In the second (12), the operators were
postgraduate students supervised by a professor, in the
third article (13), the operator was a specialized endo-
dontist, and in the fourth article (16) no data about the
operators is specified.

Regarding the diagnostic criteria used to diagnose rever-
sible pulpitis, Asgary ef al. (2018) considered as a diag-
nostic criterion that the tooth has an increased response
to the electrical test, the thermal test and percussion.
However, Paranyaprom et al. (2018) considered suffi-
cient that the tooth had a positive response to the Green
Endo-Ice cold test. On the other hand, the criterion used
by Asgary et al. (2014) was that the affected tooth ex-
perienced a sensation of prolonged and persistent pain
after a thermal stimulus. Finally, Matsuo et al. (1996)
considered the diagnosis of irreversible pulpitis when
the carious tooth presented history of spontaneous pain.
Regarding the success criteria of the treatment carried
out, each study selects a series of items that the trea-
ted teeth must meet. These are very similar for all the
studies and are summarized in the absence of signs or
symptoms of pulpal inflammation, the absence of signs
of pulpal pathology in the radiographic tests, and the po-
sitive response in the different electrical or thermal tests.
On the other hand, none of the studies state that the eva-
luation of the cases is carried out blindly, in fact, only
the article by Paranyaprom (12) specifies that an unblin-
ded operator decided the final result for each tooth under
consideration with the clinical and radiographic evalua-
tion of the same.

Finally, it is worth noting the different follow-up pe-
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Table 3: Specific characteristic of included studies.
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1. Asgary S et al.

Author 2018

2. Paranyaprom N et

al. 2018

3. Asgary S et al.
2014

4. Matsuo T el al.
1996

o= 0.05
Power= 90%
Assumingan 20% loss
50 teeth/group

Sample Size

o=0.05

Power= 80%
Assumingan 20% loss
28 teeth/group

Diagnostic . Prolonged lingerin
agh Prolonged response to | Positive response to cold OIonged AINECTing . .

criteria for . . pain sensation upon | Previous experience

. . cold test, electric pulp test with Green . . . .

irreversible . stimulation with of spontaneous pain
.. test and percussion test Endo-Ice .

pulpitis cold/hot stimuli

Grou Based on clinical Dependent on the

oup Randomly Randomly . P .
assignment judment factor studied

- Positive response to
electric pulp test and
cold test
-Absence of signs and
symptoms of inflamma-
tion/infection
-Rx: normal width of
the periodontal ligament
or decreased periapical
lesion
-Pain relief

Success criteria

-Positiv response to cold

- Absence of signs or
symptoms of pulpitis,
pain on percussion,
swelling, exudates/fistu-
las or abnormal mobility
-Rx: preservation of the
lamina dura, continu-
ation of root formation
and periapical lesion
that does not progress

- Positive response
to electric pulp test
and thermal test
- Absence of signs
or symptoms of
irreversible pulpitis
(spontaneous pain,
acute thermal sensi-
tivity or sensitivity
to percussion)
-Rx: absence of
radiolucent areas

test

-Vital and asympto-
matic teeth

NUMBER OF |
EVALUATORS ) - -
Blind evaluation No No No No
+ +
Follow up 12 months 18+ 12,9 average 12,3 average months 37.1£73 average
months months

riods followed by the selected studies. The 2018 As-
gary study (11) has a follow-up of 12 months, the 2018
Paranyaprom study (12) has a follow-up of 18 £ 12.9
months, while the mean follow-up in the Asgary study of
2014 (13) is 12.3 months. On the other hand, the study
by Matsuo from 1996 (16) is the one with the longest
follow-up, with a mean of 37.1 £+ 7.3 months.
-Additional analysis

*Comparison of the success of the different VPT

In view of the secondary objectives of this systematic
review, the two articles written by Asgary in 2018 and
2014 (11)(13) have been selected to compare the success
rates, expressed as percentages, of the different vital
pulp therapy techniques: IPC, DPC, partial pulpotomy
and total pulpotomy.

In the 2014 study, the success rates for both IPC and
partial and total pulpotomy are 100%, falling to 96.4%
in the case of DPC. However, in the 2018 study, the suc-
cess rates are lower, specifically the IPC shows a success
rate of 94.9%, the DPC of 86.5%, in partial pulpotomy it
is 77.5% and in the total pulpotomy of 86.7%. It should
be noted that the samples used in the 2018 Asgary study
are more numerous for all the techniques than those used
in the 2014 study. All these data are detailed in Table 4.

*Comparison of the success of different materials used
for RPD:

Another of the secondary objectives of this review is
the comparison of the efficacy of the different materials
used in the selected articles for the performance of DPC
in teeth with irreversible pulpitis. To do this, the success
rates shown by ProRoot MTA and Biodentine used in the
2018 Parinyaprom study (12) have been studied, as well
as the efficacy expressed in the success rate of fast-set-
ting calcium hydroxide-based cement used by Matsuo in
his 1996 study (16).

As detailed in Table 5, ProRoot achieved a success rate
of 92.6% in the Parinyaprom study, while Biodentine
achieved a slightly higher rate, specifically 96.4%. On
the other hand, the calcium hydroxide-based cement that
Matsuo used in his study reported a lower success rate
of 81.8%.

-Quality assessment

When evaluating the methodological quality and the
risk of bias of each of the articles included in the review
(Fig. 2) following the parameters established by the RO-
BINS-I tool, it is found that both the study by Asgary
(2018) (11) and the study by Paranyaprom (2018) (7)
only meets three of the parameters mentioned above,
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Table 4: Comparison of the success of the different VPT.
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therefore they would be studies with a moderate risk of
bias. On the other hand, the study by Asgary (2014) (13)
and the study by Matsuo (1996) (16) do not meet any of
the parameters, three of them being unknown and three
absent, therefore the risk of bias of these two items is
sky high.

It should be noted that the only criteria that are met in
the two 2018 studies (11)(12) are the random assignment
of each patient to one of the study groups and the blind
assignment for them, which indicates the absence se-
lection bias. In addition, both have data on the cases of
abandonment that have occurred in each study, so they
do not carry out attrition bias.

-Meta-analysis

For the meta-analysis, the studies by Parinyaprom from
2018 (12), Asgary from 2014 (13) and Matsuo from 1996
(16) were included. Therefore, Asgary’s 2018 study (6)
was excluded because it did not specify the preoperative
pulpal status of DPC-treated teeth that had developed
clinical failure, making it impossible to calculate the
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Fig. 2: Quality assessment and risk of bias evaluated for each study.

success rate of DPC in only teeth with previous diagno-
sis of irreversible pulpitis. Therefore, a total of 62 teeth
with irreversible pulp status were studied for response to
DPC treatment.

The heterogeneity between the studies was determined
using the Tau? test, resulting in a value of 0.000 (Q =
1.342; p= 0.511). The value of I* was also 0, so it was
concluded that the heterogeneity between the studies
was low.

In addition, the general success rate of the meta-analy-
sis was calculated, resulting in 0.953, with a confiden-
ce interval of 95% (CI= 0.900-1.005; p<0.001), which
indicates that the use of DPC in teeth with irreversible
pulpitis is a technique that causes healing of the pulp
in a high percentage of cases, at least understood as the
absence of clinical symptoms of pulp disease.

Figure 3 shows the results obtained in the three articles
included in the meta-analysis represented by a forest
plot.

Discussion

In this review, the clinical efficacy of the application
of the DPC technique in teeth that had previously been
diagnosed with irreversible pulpitis has been studied.
To this end, four studies dealing with mature human
teeth with a correct pulpal diagnosis have been cho-
sen and the success rate of the DPC after postoperative
follow-up of the patient has been calculated for each
of the samples. Thus, it has been concluded that RPD
achieves very high success rates, in all cases above
80%, even though the preoperative pulp diagnosis was
compromised.

Therefore, the result of this review shows that the appli-
cation of DPC should be a therapeutic option to consi-
der for the treatment of teeth that develop irreversible
pulpitis, rejecting the idea that the only treatment for
these teeth is the application of the traditional treatment
of ducts. The result of this review should also be con-
sidered within the knowledge of minimally invasive

Studies Estimate (95% C.I.) Ev/Trt !
Parinyaprom et al 2018 0.955 (0.868, 1.000) 21/22 -

Asgary et al 2014 0.964 (0.896, 1.000) 27/28 ——
Matsuo et al 1996 0.833 (0.622, 1.000) 10/12 O :
)

Overall (1*2=0 % , P=0.511) 0.953 (0.900, 1.005) 58/62 e —
)

T T T T T T 1

07 0.75 0.8 0.85 0.9 0.95 1

Proportion

Fig. 3: Forest plot of the included studies.
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dentistry, which is having such a boom in the world of
dentistry in recent years.

It must be also highlight that this review has compared
the clinical results of DPC with other VPT techniques,
such as IPC, partial pulpotomy and total pulpotomy, ob-
taining as a result that the success rate of all of them
in teeth with irreversible pulpitis is very similar, the di-
fferences not being statistically significant, so the rest
of the VPT techniques should be taken into account as
possible treatments in irreversible pulp diagnoses.
These results coincide with other reviews, such as that
by Taha et al. (2020) (14), which show the importance
of considering minimally invasive techniques for main-
taining the vitality of the pulp; the study by Asgary et
al. (2018) (11) that demonstrates the clinical success of
VPT regardless of the technique used or the review by
Aguilar et al. (2011) (23) that indicates the use of RPD
in permanent teeth as a successful treatment with expo-
sed pulp for carious reasons.

In addition, it should be taken into account that nume-
rous studies (11,12) ensure that the clinical pulp status,
which was classically defined with diagnostic tests such
as the cold test or the history of spontaneous pain, also
used by the studies analyzed in this review, are not co-
rrelated correctly with the pulpal histological status or
with the negative progression of the disease in what
has traditionally been called irreversible pulpitis. That
is why the new Wolters classification of pulpal inflam-
matory disease of the hand (9) emerged, which should
be used in subsequent research studies on the different
treatment alternatives for inflammatory pulp disease.
Perhaps it is also important not to forget that the pulp is
nothing more than an organ of the human body and the-
refore, like all other organs, it should reduce its inflam-
mation by removing the infectious agent that produces it,
as Mejare et al. (2012) (24) in his work. Therefore, with
the simple removal of the carious process, the host’s im-
mune system should eliminate all the inflammatory infil-
trate of the pulp and regenerate completely (12).

On the other hand, it was studied whether the material
used to perform DPC could influence its clinical success
rate, observing that there are no statistically significant
differences between the use of ProRoot MTA, Biodenti-
ne or Cement based on Ca(OH), of fast setting, although
the latter presented a slightly lower success rate. It must
be considered that all these materials are biocompatible,
which is why they favor pulpal healing and produce a
bacteria-free environment around the pulpal tissue due
to their excellent sealing, therefore, as Farzaned et al.
(2004) indicates, the quality of the restoration and the
biocompatible materials used will promote a successful
progression of the cases.

However, this review has had numerous limitations. Un-
fortunately, there is a very low volume of articles that
study the efficacy of RPD in irreversible pulpitis, with
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only four meeting the inclusion criteria imposed, and of
these, only three could be included in the meta-analysis.
In addition, all the studies are of limited quality, with
two of them (11,12) having a moderate risk of bias and
the remaining two (13,16) having a very high risk of
bias. It is surprising that none of the studies blinded the
operators or the evaluators, even though two of them
were randomized clinical trials and all four articles were
published in high-impact scientific journals.

With regard to the Asgary study in 2018, we must point
out that although it has previously been stated that the
groups were assigned randomly, this is not entirely true,
since those cases that did not present pulp exposure after
caries removal were directly included in the group trea-
ted with IPC. Also in this study, it is very striking that
the author did not specify the pulpal state that the tee-
th that failed treatment presented preoperatively, which
meant that this study could not be included in the me-
ta-analysis of this review.

Another limitation found was the low volume of cases
presented by the rest of the included studies (12,13,16),
being especially low in the study by Matsuo (1996).
From this last study, the very peculiar methodology that
it uses must be highlighted since it decides to start the
operation of the pieces without the placement of anes-
thesia until the patient’s complaint is received, which is
completely unthinkable today. This evidences the age of
the study, which perhaps further diminishes its clinical
relevance.

Conclusions

The results of this review with meta-analysis could lead
to the affirmation that DPC is a successful technique in
the treatment of teeth diagnosed with irreversible pulpi-
tis, but due to the scarce number of articles and the poor
quality of the evidence, they are needed studies with lar-
ger samples and more rigorous evaluation methods.
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