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Abstract: The aim of this study was to systematically review pulp wound lavage in vital pulp
therapy (VPT). A search was conducted in six life science databases to identify clinical trials carried
out on permanent teeth with a carious pulp exposure and a recall interval of at least six months.
Twenty-seven trials of low to moderate risk of bias (RoB-2 and ROBINS-I) were included. Data was
extracted and analyzed regarding study characteristics and methods used for pulp wound lavage.
The agent used for pulp wound lavage was specified in all included trials. Most of the identified trials
(23/27) randomized the pulp capping material. Many (14/27) reported the use of sodium hypochlorite
(NaOCl); ten used only saline or water. One trial was identified that compared pulp wound lavage
with 2.5% (NaOCl) to saline, another compared 5% glutaraldehyde to water, both in immature molar
pulpotomies. Both studies were underpowered. Neither showed a significant difference between
treatments. The use of NaOCl was positively correlated to recent year of publication and use of
hydraulic calcium silicate cements for pulp capping (p < 0.05). In conclusion, despite a lack of
well-designed trials on pulp wound lavage in VPT, a trend towards using NaOCl for this purpose
was observed.

Keywords: vital pulp therapy; pulp wound; sodium hypochlorite; disinfection; debridement;
pulp survival

1. Introduction

Vital pulp therapy (VPT) is the treatment of the exposed pulp of a tooth with the aim of keeping it
healthy and free from infection. This is done in teeth that have been damaged by caries, trauma or
restorative procedures [1,2]. The different types of VPT can be categorized into indirect and direct pulp
capping, partial pulpotomy and full (coronal or pulp chamber) pulpotomy. This is done according to
the extent of pulp exposure, perceived stage of bacterial infiltration and damage to the dental pulp [3].

It has been shown that as soon as caries infiltrates the enamel an initial reaction of the adjacent
pulp tissue can be seen histologically [4]. However, if the softened and carious dentine is excavated
completely without exposure of the pulp, healing is usually possible [5]. In cases with pulp exposure,
pulp tissue can either be capped directly or partially removed. In such cases, local areas of severe
inflammation and micro-abscesses can be present coronally, whilst the apical parts of the pulp remain
healthy [6]. From a histological perspective, it is conceivable that better healing should be achieved
after partial removal of the infected pulp tissue [6]. Currently used pulp capping materials including
mineral trioxide aggregate (MTA), other hydraulic calcium silicate cements, and calcium hydroxide
all have antimicrobial properties due to the high pH environment they induce when in contact with
tissue fluids [7]. However, if placed on highly inflamed or necrotic and infected pulp tissue, these
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high-pH materials can also induce further necrosis rather than healing [8]. Higher success rates have
been shown for the capping of accidental pulp exposures compared to carious pulp exposures, the two
differing mainly in their extent of bacterial penetration into the pulp [9,10]. Unfortunately, neither
clinical signs and symptoms nor results of the currently available diagnostic tests correlate to the
histological state of the exposed pulp [11]. This is the main conundrum in the clinical management of
exposed pulps after caries excavation.

In this context, one topic appears to not have been addressed in a systematic manner: the effect of
soft tissue lavage after pulp exposure. Lavage of the wound was identified as the central means of
disinfection for open and potentially infected wounds during the Great War [12]. Sodium hypochlorite
(NaOCl) in aqueous solution was identified at that time as the agent of choice to chemo-mechanically
clean such injuries. This was because of its unique and somewhat selective effect on necrotized and
infected soft tissues [12,13], which also led to its use in the chemo-mechanical debridement of infected
root canal systems [14]. Today, sodium hypochlorite solutions are the first choice in pulpectomy
procedures, i.e., in full root canal treatments [15]. However, in the context of potentially necrotized and
infected pulp wounds encountered during VPT procedures, it is unclear whether NaOCl solutions
are of any benefit or even in routine use. In theory, the use of NaOCI could be highly beneficial for
this purpose, as it decontaminates the pulp wound chemically and thus, in theory, allows the capping
material to exert its effect on healthier tissue. Its use has also been encouraged in recent guidelines [3],
yet the scientific basis for this recommendation appears to be elusive. High success rates have been
shown for VPT after removal of bacterial contamination using NaOCl in both primary and permanent
molars [16,17]. Based on these and other findings, it can be concluded that the step of disinfecting the
pulp wound by means of a wound lavage and removing microbially infiltrated, necrotic pulp tissue
before it is capped may have an impact on survival of the remaining pulp after VPT [18,19].

This qualitative systematic review aimed to identify the types of pulp wound lavage and their
influence on the vital pulp therapy of permanent human teeth with carious pulp exposure in all
prospective controlled and randomized controlled clinical trials on vital pulp therapy. Moreover, factors
that may be associated with the use of sodium hypochlorite in this context were analyzed.

2. Materials and Methods

This systematic review was conducted according to a protocol registered at the International
Prospective Register of Systematic Reviews. The reporting follows the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines for systematic reviews [20] (Table S1).
The reviewed question was: “what is the influence of topical disinfectants on pulp survival in the
vital pulp therapy of permanent teeth with a carious pulp exposure?” Based on the PICO (population,
intervention, comparison, outcome) format the search was carried out for clinical trials on permanent
human teeth with a carious pulp exposure (P) that received vital pulp therapy (I), compared different
treatment protocols (C) and reported the pulp survival after intervention with a minimal recall interval
of 6 months (O).

2.1. Data Sources and Literature Search

A systematic search was conducted in six life science databases (MEDLINE, Biosis, Cochrane,
EMBASE, Scopus and Web of Science) in October 2019. The search plan included a combination
of keywords and indexing vocabulary (MeSH terms). Table S2 is an example of the search used in
MEDLINE. No language restrictions were applied. To ensure the accuracy of the search one reviewer
(A.M.) manually screened relevant journals in the field for potentially relevant publications.

2.2. Study Selection and Inclusion Criteria

The titles and abstracts were screened by two independent reviewers (A.M., D.-K.R.) according to
pre-defined inclusion and exclusion criteria. Studies were included if they:
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(a) Were carried out on human permanent teeth with a carious pulp exposure that received a type of
VPT (direct pulp capping, partial pulpotomy or full/pulp chamber pulpotomy);

(b) Used a prospective randomized or non-randomized clinical trial design including a test and
control group [21];

(c) Reported the pulp survival after a recall duration of at least six months after intervention.

Excluded were all studies:

(a) On animals;

(b) On deciduous teeth;

(c)  On teeth without pulp exposure (e.g., indirect pulp capping);

(d) On teeth with experimental, mechanical or traumatic pulp exposures;

(e) That were retrospective, such as case reports or case series without a control group;
(f) That were histological without clinical assessment of the outcome.

All the articles selected by either reviewer were chosen for the full text evaluation which again
was carried out by the two reviewers independently. In case of disagreement, consensus was reached
by discussion and third-party-arbitration (M.Z.).

2.3. Data-Extraction and Quality Assessment

Data was extracted and managed on electronic files which were piloted and adapted before the
final assessment of all the selected studies. Details regarding study characteristics were noted such as
year of publication, randomized and non-randomized factors, type of environment in which the clinical
trials were carried out (single-center, multi-center), number of operators and type of VPT performed
(direct pulp capping, partial pulpotomy, full/pulp chamber pulpotomy). Furthermore, information
about the subjects was also listed including age of the subjects (mean, median or age range), sample
size (N teeth per group), type of teeth (molars, premolars, incisors), stage of root development (mature,
immature) and inclusion of spontaneously painful teeth (yes, no). Data regarding wound lavage was
extracted in detail, with a focus on the type of irrigant used (NaOCl, saline etc.), application of cotton
pellets (yes, no) and the time required to achieve hemostasis (min) if mentioned. Other intervention
related factors were also considered such as the use of rubber dam and sterile instruments, type of
capping material (hydraulic calcium silicate cements, calcium hydroxide, etc.), final restoration placed
immediately after pulp capping or re-entry. In addition, outcome related factors such as recall intervals
(months), rate of drop out (percentage) and pulp survival (percentage) at least six months after the
intervention were collected. The relevant information was collected and used for further analysis.

All the identified trials were analyzed regarding the method used for pulp wound lavage.
The clinical trials targeting the effect of pulp wound lavage on the outcome of VPT were also
examined separately.

The quality of the studies was assessed using RoB-2 and ROBINS-I tools as recommended by
the Cochrane Collaboration (methods.cochrane.org [22]). RoB-2 was used for RCTs and assesses bias
in the domains of randomization, assignment and adhering to intervention, missing data, outcome
measurement and selection of the reported result. ROBINS-I is the recommended tool for bias
assessment of non-randomized clinical trials in the domains confounding, selection of participants,
misclassification of interventions, deviation from the intended intervention, missing outcome data,
measurement of the outcome and selection of the reported results.

2.4. Data Analysis and Statistic Evaluation

A descriptive data analysis was carried out and statistics was applied only where appropriate
(JMP 10.0.0, SAS Institute, Cary, NC, USA). Cohen’s kappa coefficient was calculated to measure
inter-rater reliability. Interaction between the use of NaOCl for pulp lavage and year of publication
was assessed using Student’s t test. The correlation between the use of calcium silicate cement in one
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of the experimental groups and NaOCl for pulp wound lavage was analyzed using Fisher’s exact test.
The alpha-type error was set at 5% (p < 0.05).

3. Results

The systematic search initially identified 639 potentially eligible articles after duplicate removal
(Figure 1). After screening of the titles and abstracts, 45 articles were selected and assessed in full-text.
Eighteen out of these 45 articles were excluded at this stage (Table S3) and the other 27 selected for
the qualitative synthesis [17,23-48]. Twenty-six of the selected articles were randomized clinical trials,
one was non-randomized [47]. One publication [48] was in Chinese and was translated by a native
speaker. There was almost perfect agreement between the two reviewers regarding full text evaluation
(Cohen’s kappa = 0.91).
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Figure 1. Flowchart of the data search that was carried out for the current investigation [20].

Although all the included studies showed a low to moderate risk of bias (Table S4), a large
heterogeneity was found among them (Table 1). Because of this it was not possible to analyze the
outcomes by means of a meta-analysis. Most of the identified trials examined the influence of the
capping material (23/27) on pulp vitality in VPT [17,23,25,27-30,32-46,48], one of them also randomized
the method used for pulp wound lavage [41]. The use of NaOCI solutions for pulp wound lavage
was reported in 11 of the 27 included trials [17,25,31,33,34,36,39,41,42,45,46]. However, it was assessed
as the randomized factor in just one of these 11 trials [41]. In ten trials the use of saline or water
was reported [23,26-30,35,38,40,43]. Three trials mentioned a rinse with NaOCI only for some cases
and the data was not stratified according to the type of irrigant used [24,32,37]. Anesthetic without
vasoconstrictor was used to control bleeding from the pulp wound in one trial [44] and in another the
pulp wound was disinfected with a cotton pellet containing 75% ethanol [48].
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Table 1. Summary of the included studies.
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Teeth
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Pain Lavage

AS%S?; [ng]t al low FP capping material ﬁ 205;208 b y saline CaSi high
Asgg?é [Sz_f]t al Cosr?CI:fns FP/PP/DPC level of intervention sevse ral 69;76 n n ( S.gé’ZOI\CIaHOél) CaSi high
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Brizzlz)ell; [(;7‘]& al. low DPC capping material g 53;60 b ns saline Ca(OH),/CaSi high
U e, e oM ; S e e ame SORRER e
e]ile;llv[gggg"?g] low FP capping material ; 51:1 y n saline Ca(OH),/CaSi high
Figzlsigaglf [I;/é'] et Cos:cr:fns DPC capping material nss 16;20 n n water Ca(OH); liner medium
Galza(;\li;\f[?;le]t al. low FP level of intervention ; 227 b y 2.5% NaOCl CaSi high
Ghozc%)ci;s[ig‘]i]et al cosr?c?fns FP capping material r;s 13;15 y n salilr\lTeangZl.S% CaSi/ZOE high
Hezdoglis[é; al. cos:czlfns DPC capping material ; 122 n n 3% NaOCl CaSi high
Hil;%rll?;l" []3 4e]t al cosr?clzrens DPC capping material ii 175;183 b n 5.25% NaOCl CaSi/Ca(OH), high/medium
Hoc;%z}; 1[\;[518 tal. low DPC capping material r;s 12;18 n n water PCA low/medium/high
Kanzgoglgg]%t al. low PP capping material seVSe ral 33;36 b n 3% NaOCl CaSi high
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Table 1. Cont.
Aaorr Lgelef | Levlol | RandomzedNon fandomised | Namberof | Groupst ITUME Guwingforwound TP TaeolPap
Pain Lavage
Ku;r(;zlig \[C;]t al low Fp capping material é 17;19 n y saline Ca(OH),/CaSi/PRF low/medium
K;#Czléill;a[g(;]d low DPC capping material 1\6/[ 33;37 n y 0.5% NaOCl liCnae(r?CP?;i mediumvhigh
No;gigA[;i g]t - low FP capping material é 25;26 y y saline CaSi high
Ozgg(;llr;i[ﬁ al low PP wound lavage/capping material é 240 y n Z'ior/osl;?iCI CaSi/Ca(OH), high
Peir;?y;(g)lrg ﬁg ' low DrC capping material g 29;30 b ns 2.5% NaOCl CaSi high
%tu ;?i;(;g;l}g]\' low PP capping material ns 322 b n saline CaSi/Ca(OH), high
s:;ntll;é;ﬁ f]t low Fp capping material ns :{sfr(z) b y an;;)sctzl‘lletic wili(oct)llt_/lx)/\zniglili\/[ mediumylow
SHIZIS%KQ; al low DPC capping material é 322 n n 2.5% NaOCl Ca(OH),/CaSi medium/high
Ta}12a011\17.1[%4. (St al. low PP capping material nss 23;27 n y 2.5% NaOCl Ca(OH),/CaSi medium/high
‘;\/96191}5] %\4]7? low FP wound lavage nss 120 y n glu(t)iil‘ii:;};yde Ca(OH), high
;/E)I?Oe[z;l] cos:chns DPC capping material r;s 54;59 b n 75% ethanol ~ Ca(OH); liner/NH medium

TA summary of the risk of bias analysis can be reviewed in Table 54. 2 FP: full pulpotomy; PP: partial pulpotomy; DPC: direct pulp capping. 3s: single center; M: multicenter; ns: not
specified, several: number of operators not specified but mentioned that there were several. 4 N: teeth per group, groups: number of groups analyzed in the study, (sm) split mouth design;
(some studies also had treatment groups with indirect pulp capping or root canal treatments, that were not considered for this study). ® y: only immature teeth; b: both mature and
immature teeth; n: no immature teeth/only teeth with complete root formation included or studies that did not explicitly state the stage of root development, but were carried out only on
adult patients (above 18 years of age). ® y: yes, teeth causing spontaneous pain were included in these trials; n: no; ns: not specified. 7 NaOCl: sodium hypochlorite; (in brackets) second
irrigant which was only used for selected cases; italic: if the irrigant was the randomized factor; in one trial, Ghoddusi et al. 2012 either saline or NaOCI was used and it was not stated
which was used when. 8 CaSi: calcium silicate cement; Ca(OH),: calcium hydroxide, Ca(OH); liner: calcium hydroxide liner; ZOE: zinc-oxide eugenol; PCA: polycarboxylate cement; PRF:
platelet rich fibrin, LM: Ledermix® (a paste containing tetracycline and corticosteroid), NH: nanohydroxyapatite. 9 Reported rate of pulp survival 6-12 months after intervention: low: less
than 40%; medium: 40-80%; high: more than 80%; some studies reported varying success rates for the different treatment groups. * These studies had a split mouth design; all the studies
listed above were randomized clinical trials except Waly 1995 which was a non-randomized clinical trial and Awawdeh et al. 2018 which was pseudorandomized (a coin was tossed and
the next tooth assigned to the other group). Note: not all of the collected data is presented in this communication, but is available upon request from the corresponding author.
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A clinical trial assessed the effect of glutaraldehyde in VPT in a non-randomized manner [47].
All the trials were carried out using conventional rotating instruments, except one in which an Erbium
laser was also used in combination with saline lavage [28].

Most studies (16/27) reported a high percentage (>80%) of pulp survival after a recall duration of
at least six months [17,23-25,27,29,31-33,36,37,40-43 A7].

A statistical analysis was carried out to identify possible factors that may be correlated to the use
of an NaOCl solution for pulp wound lavage. For this purpose, the three trials that used NaOCl in
selected cases only but did not stratify the data were excluded [24,32,37]. A highly significant (p <
0.005) tendency was found for authors to use NaOClI for chemical soft tissue debridement in the more
recent studies (Figure 2a). Moreover, the use of NaOCl was significantly (p < 0.05) correlated to the
application of a hydraulic calcium silicate cement in the trials (Figure 2b).

(a) (b)
2020 . 1.00
eedtes
; *
Py L]
g 2010 P 0.75
: 3 y
5 . g
2 2000 = 0.50
N (]
2 . o
[
<1990 . 0.25
* n
1980 0.00
n y n y
NaOCl used

Figure 2. (a) Dot plot showing the use of an NaOCI solution in the trials included in this study
according to the year of publication. There was a highly significant difference between the mean years
of publication (Student’s t-test, p < 0.005). (b) Mosaic plot depicting the use of NaOCI for pulp lavage
according to the use of calcium silicate cement (CaSi) for pulp capping in the trial (Fisher’s exact test,
p < 0.05).

Two of the included 27 trials explicitly compared different methods of pulp wound lavage [41,47].
Ozgur et al. (2017) randomized the use of 2.5% NaOCl to saline for wound lavage in partial pulpotomy.
This study was carried out on 80 asymptomatic, immature molars. The subjects were between 6 and
13 y of age and were treated by one operator. Besides randomizing the pulp wound lavage with NaOCl
or saline, two different capping materials-calcium hydroxide or MTA were also randomized in this
trial. Hence, in total, there were four groups of 20 teeth each. The reported pulp survivals after one
year were between 94% and 100% with no significant differences between the groups. No significant
influence of disinfection with NaOCI could be shown and the results for both capping materials were
comparable. A calculation of sample size was not reported.

An older clinical trial examined the effect of the use of glutaraldehyde in coronal pulpotomy [47].
This clinical trial was carried out on 20 immature, asymptomatic molars of 8-9 y old patients, divided
into two groups. After bleeding was controlled with a wet cotton pellet, in one group a cotton pellet
soaked with 5% buffered glutaraldehyde solution was placed on the amputated pulp for 5 min and
then pulp capping was carried out using a calcium hydroxide paste mixed with 5% glutaraldehyde.
In the other group, the calcium hydroxide paste was mixed with water and no additional chemical was
used on the pulp wound before that. This trial had a recall rate of 100% after one year and reported
pulp survival rates of 100% for both groups. However, it was carried out on a relatively small sample
of only 10 teeth per group.
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4. Discussion

This search revealed two studies that specifically assessed the effect of chemical agents used
for pulp wound lavage on the pulp survival after VPT of carious teeth. Unfortunately, both studies
were underpowered and no conclusions can be drawn based on this data. Despite a lack of evidence,
there appears to be a trend towards using NaOCl to clean pulp wounds in the VPT of teeth with
carious exposures.

The topic under investigation has not been given the attention it probably deserves. Since it is not
possible to precisely identify the level of pulp infection in carious exposures by means of the presently
available diagnostic tools, wound disinfection and debridement could be a core topic. Obviously, it is
not. A recent review suggested that mechanically removing more pulp tissue in these situations
can improve the rate of pulp survival, i.e., pulpotomy seems to yield better results than mere pulp
capping [49]. From a histological point of view this makes sense, as the infection advances from the
crown towards the root [50]. However, this statement needs to be weighed against the studies by
Bjerndal [5] and Asgari and co-workers [24], which until now are the only trials that randomized these
levels of intervention (Table 1). Neither found a difference between direct pulp capping and partial
or full pulpotomy. Moreover, if more pulp tissue is removed mechanically, it will become harder
to check the tooth clinically. Despite the absence of disease, such a tooth may no longer respond to
simple clinical monitoring tests, such as the cold test [51]. Therefore, chemical wound debridement
via lavage of the pulp wound using an antiseptic irrigant in conjunction with minimally invasive
mechanical intervention could be the better option. Sodium hypochlorite solutions appear to be
ideal for that purpose because of their unique effect on necrotic soft tissue [52] as well as biofilm [53].
Introduced more than 100 years ago, NaOCI solutions remain a standard of care in the disinfection
of external soft tissue wounds [54]. Irrigants containing one or multiple antibiotics have also been
discussed, as they selectively kill the invading microorganisms and obviously cause less collateral
damage than non-specific biocides such as NaOCl [55]. There is also a history of glutaraldehyde
usage in antiseptic solutions [56] and despite the fact that it is still contained in some dentine bonding
agents [57], the high toxicity and mutagenic potential of this chemical would preclude it from the
application proposed by Waly (1995) [47].

Both trials on the effects of wound lavage on the outcome of pulpotomy, identified by this search,
were under-powered. The first had four groups and N = 20 [41], the second had two groups and
N =10 [47]. Nowadays, to be accepted by any internationally renowned journal, trials should be
registered and a sample size analysis needs to be provided. One of the authors (M.Z.) is part of a team
of researchers that planned and are executing a clinical trial on the topic: wound lavage in direct pulp
capping of carious exposures in adult teeth using 2.5% NaOCl versus 0.9% saline solution. This trial has
been registered (CTR1/2019/01/017167). The power analysis revealed that, assuming a 25% difference in
pulp survival after one year between the two treatments and a 25% dropout rate, 48 patients per group
are necessary to detect a significant difference with a chance (power) of 80% at a type I error of 0.05.

As shown in this review, the heterogeneity of the underlying studies is such that comparisons
between individual treatment factors and outcomes in any form of meta-analyses would be spurious
(Table 1). Success rates in the trials included in this review differed largely for similar interventions e.g.,
partial pulpotomy using saline as an irrigant and calcium hydroxide as a capping material. The nested
clinical trial by Bjerndal and co-workers [5] has been criticized by some clinicians for its reported
low success rates after carious exposure of the pulp. It has been suggested that this could be because
of the use of an “outdated” pulp capping agent, a calcium hydroxide liner. However, the difference
between calcium silicate and calcium hydroxide based capping materials seems to be minor (Table 1).
Therefore, other factors that may have had an impact on the outcome must also be considered, such as
clinical skills of the operators, inclusion of painful teeth in the trial sample, and/or the lack of disinfection
of the pulp wound with NaOCl before capping. In spite or maybe also because of these possible
procedural shortcomings, the Bjorndal trial set a new standard in terms of its high methodological
quality and may have spurred more research. More recent trials showed better outcomes even when
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calcium hydroxide was used as the pulp capping material (Table 1) but they also used NaOCl for pulp
lavage. Whether the use of NaOCI directly influenced the outcome of these trials, remains unclear and
cannot be elucidated based on the presently available literature.

Although a direct comparison of the selected studies and assessing the influence of individual
factors on the outcome of VPT was not possible, correlations between the use of NaOCl and other study
parameters could still be identified. Our findings suggest that there is an increasing trend towards
using NaOCl solutions for pulp wound lavage in the VPT of carious exposures despite the lack of
scientific evidence for it. NaOCl solutions are a popular choice among endodontists [58] and many of
the more recent trials identified by this search involved endodontists. This may also be why the recent
consensus statement in a prominent endodontology journal recommends the use of NaOCl for pulp
wound lavage, as most of the authors of this publication specialize in the field of endodontology [3].
However, practitioners of other specialties e.g., restorative dentistry, who also perform VPT clinically,
may not necessarily be inclined to follow this protocol in the absence of available scientific evidence.
Lastly, it is important to remember that it is not only the state of pulp tissue at the site of capping,
but also the bacterial seal provided by subsequent restoration of the tooth that will determine the
long-term success of VPT [59].

In view of the lack of scientific evidence in this context, future studies should assess different
wound lavage concepts used in other fields of medicine and evaluate these regarding their effectiveness
in VPT.

5. Conclusions

This systematic review identified a clear trend towards using sodium hypochlorite for pulp wound
lavage during vital pulp therapy in recent trials and in combination with the use of calcium silicate
cements as pulp capping materials. However, the effect of sodium hypochlorite for this purpose still
needs to be substantiated by well-designed clinical trials.

Supplementary Materials: The following are available online at http://www.mdpi.com/2077-0383/9/4/984/s1,
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Table S4: Bias assessment.

Author Contributions: Conceptualization, M.Z. and D.-K.R.; methodology, A.M. and D.-K.R.; software, M.Z.;
formal analysis, A.M., M.Z. and D.-K.R; investigation, A.M., M.Z. and D.-K.R,; resources, M.Z.; data curation,
A.M.; writing—original draft preparation, A.M.; writing—review and editing, M.Z. and D.-K.R.; supervision,
M.Z.; project administration, D.-K.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by institutional funds of the Clinic of Conservative and Preventive
Dentistry, University of Zurich, Center for Dental Medicine.

Conflicts of Interest: The authors deny any conflicts of interest.

References

1.  McDonald, R. Diagnostic aids and vital pulp therapy for deciduous teeth. J. Am. Dent. Assoc. 1956, 53, 14-22.
[CrossRef] [PubMed]

2. Wells, C.; Dulong, C.; McCormack, S. Vital Pulp Therapy for Endodontic Treatment of Mature Teeth: A
Review of Clinical Effectiveness, Cost-Effectiveness, and Guidelines. 2019; online only, PMID: 31525010.

3. Duncan, H.F,; Galler, K.M.; Tomson, P.L.; Simon, S.; El-Karim, I.; Kundzina, R.; Krastl, G.; Dammaschke, T.;
Fransson, H.; Markvart, M.; et al. European society of endodontology position statement: Management of
deep caries and the exposed pulp. Int. Endod. . 2019, 52, 923-934. [PubMed]

4.  Langeland, K. Tissue response to dental caries. Endod. Dent. Traumatol. 1987, 3, 149-171. [CrossRef]
[PubMed]

5. Bjerndal, L.; Simon, S.; Tomson, P.L.; Duncan, H.F. Management of deep caries and the exposed pulp.
Int. Endod. J. 2019, 52, 949-973. [CrossRef] [PubMed]

6.  Ricucci, D.; Siqueira, J.E; Li, Y,; Tay, ER. Vital pulp therapy: Histopathology and histobacteriology-based
guidelines to treat teeth with deep caries and pulp exposure. J. Dent. 2019, 86, 41-52. [CrossRef] [PubMed]


http://www.mdpi.com/2077-0383/9/4/984/s1
http://dx.doi.org/10.14219/jada.archive.1956.0145
http://www.ncbi.nlm.nih.gov/pubmed/13331699
http://www.ncbi.nlm.nih.gov/pubmed/30664240
http://dx.doi.org/10.1111/j.1600-9657.1987.tb00619.x
http://www.ncbi.nlm.nih.gov/pubmed/3326722
http://dx.doi.org/10.1111/iej.13128
http://www.ncbi.nlm.nih.gov/pubmed/30985944
http://dx.doi.org/10.1016/j.jdent.2019.05.022
http://www.ncbi.nlm.nih.gov/pubmed/31121241

J. Clin. Med. 2020, 9, 984 10 of 12

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Zhang, H.; Pappen, F.G.; Haapasalo, M. Dentin enhances the antibacterial effect of mineral trioxide aggregate
and bioaggregate. . Endod. 2009, 35, 221-224. [CrossRef] [PubMed]

Mjor, L A. Pulp reactions to calcium hydroxide-containing materials. Oral Surg. Oral Med. Oral Pathol. 1972,
33, 961-965.

Baume, L.J.; Holz, J. Long term clinical assessment of direct pulp capping. Int. Dent. J. 1981, 31, 251-260.
Al-Hiyasat, A.S.; Barrieshi-Nusair, K.M.; Al-Omari, M.A. The radiographic outcomes of direct pulp-capping
procedures performed by dental students: A retrospective study. J. Am. Dent. Assoc. 2006, 137, 1699-1705.
[CrossRef]

Mejare, I.A.; Axelsson, S.; Davidson, T.; Frisk, F.; Hakeberg, M.; Kvist, T.; Norlund, A.; Petersson, A.;
Portenier, I.; Sandberg, H.; et al. Diagnosis of the condition of the dental pulp: A systematic review.
Int. Endod. J. 2012, 45, 597-613. [CrossRef]

Dakin, H.D. On the use of certain antiseptic substances in the treatment of infected wounds. Br. Med. |. 1915,
2,318-320. [CrossRef] [PubMed]

Austin, ].H.; Taylor, H.D. Behavior of hypochlorite and of chloramine-T solutions in contact with necrotic
and normal tissues in vivo. J. Exp. Med. 1918, 27, 627-633. [CrossRef] [PubMed]

Grossman, L.I. Irrigation of root canals. J. Am. Dent. Assoc. 1943, 30, 1915-1917. [CrossRef]

Zehnder, M. Root canal irrigants. J. Endod. 2006, 32, 389-398. [CrossRef] [PubMed]

Demir, T.; Cehreli, Z.C. Clinical and radiographic evaluation of adhesive pulp capping in primary molars
following hemostasis with 1.25% sodium hypochlorite: 2-year results. Am. ]. Dent. 2007, 20, 182-188.
[PubMed]

Chailertvanitkul, P.; Paphangkorakit, J.; Sooksantisakoonchai, N.; Pumas, N.; Pairojamornyoot, W.;
Leela-Apiradee, N.; Abbott, P.V. Randomized control trial comparing calcium hydroxide and mineral
trioxide aggregate for partial pulpotomies in cariously exposed pulps of permanent molars. Int. Endod. |.
2014, 47, 835-842. [CrossRef] [PubMed]

Murray, P.E.; Hafez, A.A.; Smith, A.]J.; Cox, C.E. Hierarchy of pulp capping and repair activities responsible
for dentin bridge formation. Am. J. Dent. 2002, 15, 236-243.

Cox, C.F; Keall, C.L,; Keall, H].; Ostro, E.; Bergenholtz, G. Biocompatibility of surface-sealed dental materials
against exposed pulps. . Prosthet. Dent. 1987, 57, 1-8. [CrossRef]

Mobher, D.; Liberati, A.; Tetzlaff, ].; Altman, D.G.; Prisma, G. Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. BMJ 2009, 339, b2535. [CrossRef]

NIH Definition of Clinical Trial by the National Institutes of Health. Release Date 23 October 2014.
Available online: https://grants.nih.gov/policy/clinical-trials/definition.htm (accessed on 24 April 2019).
Sterne,].A.; Hernan, M.A.; Reeves, B.C.; Savovi¢, ].; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.;
Ansari, M.T.; Boutron, L; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of
interventions. BM]J 2016, 355, 14919. [CrossRef]

Asgary, S.; Eghbal, M.J. Treatment outcomes of pulpotomy in permanent molars with irreversible pulpitis
using biomaterials: A multi-center randomized controlled trial. Acta Odontol. Scand. 2013, 71, 130-136.
[CrossRef] [PubMed]

Asgary, S.; Hassanizadeh, R.; Torabzadeh, H.; Eghbal, M.]. Treatment outcomes of 4 vital pulp therapies in
mature molars. J. Endod. 2018, 44, 529-535. [CrossRef] [PubMed]

Awawdeh, L.; Al-Qudah, A.; Hamouri, H.; Chakra, R.J. Outcomes of vital pulp therapy using mineral
trioxide aggregate or biodentine: A prospective randomized clinical trial. ]. Endod. 2018, 3, 3. [CrossRef]
[PubMed]

Bjorndal, L.; Reit, C.; Bruun, G.; Markvart, M.; Kjaeldgaard, M.; Nasman, P.; Thordrup, M.; Dige, I.; Nyvad, B.;
Fransson, H.; et al. Treatment of deep caries lesions in adults: Randomized clinical trials comparing stepwise
vs. direct complete excavation, and direct pulp capping vs. partial pulpotomy. Eur. J. Oral Sci. 2010, 118,
290-297. [CrossRef]

Brizuela, C.; Ormeno, A.; Cabrera, C.; Cabezas, R.; Silva, C.I.; Ramirez, V.; Mercade, M. Direct pulp capping
with calcium hydroxide, mineral trioxide aggregate, and biodentine in permanent young teeth with caries:
A randomized clinical trial. J. Endod. 2017, 43, 1776-1780. [CrossRef]

Cengiz, E.; Yilmaz, H.G. Efficacy of erbium, chromium-doped: Yttrium, scandium, gallium, and garnet laser
irradiation combined with resin-based tricalcium silicate and calcium hydroxide on direct pulp capping:
A randomized clinical trial. J. Endod. 2016, 42, 351-355. [CrossRef]


http://dx.doi.org/10.1016/j.joen.2008.11.001
http://www.ncbi.nlm.nih.gov/pubmed/19166777
http://dx.doi.org/10.14219/jada.archive.2006.0116
http://dx.doi.org/10.1111/j.1365-2591.2012.02016.x
http://dx.doi.org/10.1136/bmj.2.2852.318
http://www.ncbi.nlm.nih.gov/pubmed/20767784
http://dx.doi.org/10.1084/jem.27.5.627
http://www.ncbi.nlm.nih.gov/pubmed/19868230
http://dx.doi.org/10.14219/jada.archive.1943.0397
http://dx.doi.org/10.1016/j.joen.2005.09.014
http://www.ncbi.nlm.nih.gov/pubmed/16631834
http://www.ncbi.nlm.nih.gov/pubmed/17672261
http://dx.doi.org/10.1111/iej.12225
http://www.ncbi.nlm.nih.gov/pubmed/24299006
http://dx.doi.org/10.1016/0022-3913(87)90104-1
http://dx.doi.org/10.1136/bmj.b2535
https://grants.nih.gov/policy/clinical-trials/definition.htm
http://dx.doi.org/10.1136/bmj.i4919
http://dx.doi.org/10.3109/00016357.2011.654251
http://www.ncbi.nlm.nih.gov/pubmed/22339289
http://dx.doi.org/10.1016/j.joen.2017.12.010
http://www.ncbi.nlm.nih.gov/pubmed/29397215
http://dx.doi.org/10.1016/j.joen.2018.08.004
http://www.ncbi.nlm.nih.gov/pubmed/30292451
http://dx.doi.org/10.1111/j.1600-0722.2010.00731.x
http://dx.doi.org/10.1016/j.joen.2017.06.031
http://dx.doi.org/10.1016/j.joen.2015.11.015

J. Clin. Med. 2020, 9, 984 11 0f12

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

El-Meligy, O.A.; Avery, D.R. Comparison of mineral trioxide aggregate and calcium hydroxide as pulpotomy
agents in young permanent teeth (apexogenesis). Pediatr. Dent. 2006, 28, 399-404.

Fitzgerald, M.; Heys, R.J. A clinical and histological evaluation of conservative pulpal therapy in human
teeth. Oper. Dent. 1991, 16, 101-112.

Galani, M,; Tewari, S.; Sangwan, P,; Mittal, S.; Kumar, V.; Duhan, ]. Comparative evaluation of postoperative
pain and success rate after pulpotomy and root canal treatment in cariously exposed mature permanent
molars: A randomized controlled trial. . Endod. 2017, 43, 1953-1962. [CrossRef]

Ghoddusi, J.; Shahrami, F.; Alizadeh, M.; Kianoush, K.; Forghani, M. Clinical and radiographic evaluation of
vital pulp therapy in open apex teeth with MTA and ZOE. N. York State Dent. |. 2012, 78, 34-38.

Hegde, S.; Sowmya, B.; Mathew, S.; Bhandi, S.H.; Nagaraja, S.; Dinesh, K. Clinical evaluation of mineral
trioxide aggregate and biodentine as direct pulp capping agents in carious teeth. . Conserv. Dent. 2017, 20,
91-95. [PubMed]

Hilton, T.J.; Ferracane, J.L.; Mancl, L. Northwest Practice-Based Research Collaborative in Evidence-based
Dentistry (NWP). Comparison of CaOH with MTA for direct pulp capping: A PBRN randomized clinical
trial. J. Dent. Res. 2013, 92, 165-22S. [CrossRef] [PubMed]

Hodosh, M.; Hodosh, S.H.; Hodosh, A.J. Capping carious exposed pulps with potassium nitrate, dimethyl
isosorbide, polycarboxylate cement. Dent. Today 2003, 22, 46-51. [PubMed]

Kang, C.M,; Sun, Y.; Song, J.S.; Pang, N.S.; Roh, B.D.; Lee, C.Y.; Shin, Y. A randomized controlled trial
of various MTA materials for partial pulpotomy in permanent teeth. J. Dent. 2017, 60, 8-13. [CrossRef]
[PubMed]

Katge, E.A.; Patil, D.P. Comparative analysis of 2 calcium silicate-based cements (biodentine and mineral
trioxide aggregate) as direct pulp-capping agent in young permanent molars: A split mouth study. J. Endod.
2017, 43, 507-513. [CrossRef]

Kumar, V,; Juneja, R.; Duhan, J.; Sangwan, P.; Tewari, S. Comparative evaluation of platelet-rich fibrin, mineral
trioxide aggregate, and calcium hydroxide as pulpotomy agents in permanent molars with irreversible
pulpitis: A randomized controlled trial. Contemp. Clin. Dent. 2016, 7, 512-518.

Kundzina, R.; Stangvaltaite, L.; Eriksen, HM.; Kerosuo, E. Capping carious exposures in adults: A
randomized controlled trial investigating mineral trioxide aggregate versus calcium hydroxide. Int. Endod. ].
2017, 50, 924-932. [CrossRef]

Nosrat, A.; Seifi, A.; Asgary, S. Pulpotomy in caries-exposed immature permanent molars using
calcium-enriched mixture cement or mineral trioxide aggregate: A randomized clinical trial. Int. J.
Paediatr. Dent. 2013, 23, 56—63. [CrossRef]

Ozgur, B.; Uysal, S.; Gungor, H.C. Partial pulpotomy in immature permanent molars after carious exposures
using different hemorrhage control and capping materials. Pediatr. Dent. 2017, 39, 364-370.

Parinyaprom, N.; Nirunsittirat, A.; Chuveera, P; Na Lampang, S.; Srisuwan, T.; Sastraruji, T.; Bua-on, P;
Simprasert, S.; Khoipanich, I.; Sutharaphan, T; et al. Outcomes of direct pulp capping by using either proroot
mineral trioxide aggregate or biodentine in permanent teeth with carious pulp exposure in 6 to 18-year-old
patients: A randomized controlled trial. J. Endod. 2017, 44, 341-348. [CrossRef]

Qudeimat, M.A.; Barrieshi-Nusair, K.M.; Owais, A.I. Calcium hydroxide vs mineral trioxide aggregates
for partial pulpotomy of permanent molars with deep caries. Eur. Arch. Paediatr. Dent. Off. ]. Eur. Acad.
Paediatr. Dent. 2007, 8, 99-104. [CrossRef] [PubMed]

Santini, A.H. Intraoral comparison of calcium hydroxide (Calnex) alone and in combination with Ledermix
in first permanent mandibular molars using two direct inspection criteria. ]. Dent. 1985, 13, 52-59. [CrossRef]
Suhag, K.; Duhan, J.; Tewari, S.; Sangwan, P. Success of direct pulp capping using mineral trioxide aggregate
and calcium hydroxide in mature permanent molars with pulps exposed during carious tissue removal:
1-year follow-up. J. Endod. 2019, 45, 840-847. [CrossRef] [PubMed]

Taha, N.A.; Khazali, M.A. Partial pulpotomy in mature permanent teeth with clinical signs indicative of
irreversible pulpitis: A randomized clinical trial. . Endod. 2017, 43, 1417-1421. [CrossRef] [PubMed]

Waly, N.G. A five-year comparative study of calcium hydroxide-glutaraldehyde pulpotomies versus calcium
hydroxide pulpotomies in young permanent molars. Egypt. Dent. J. 1995, 41, 993-1000. [PubMed]

Wei, Q.; Shi, Y.M.; Xu, ].Y. Feasibility of early dentine bridge formation induced by direct pulp capping with
nano-hydroxyapatite. J. Clin. Rehabil. Tissue Eng. Res. 2010, 14, 3869-3872. (In Chinese)


http://dx.doi.org/10.1016/j.joen.2017.08.007
http://www.ncbi.nlm.nih.gov/pubmed/28855754
http://dx.doi.org/10.1177/0022034513484336
http://www.ncbi.nlm.nih.gov/pubmed/23690353
http://www.ncbi.nlm.nih.gov/pubmed/12616888
http://dx.doi.org/10.1016/j.jdent.2016.07.015
http://www.ncbi.nlm.nih.gov/pubmed/27472957
http://dx.doi.org/10.1016/j.joen.2016.11.026
http://dx.doi.org/10.1111/iej.12719
http://dx.doi.org/10.1111/j.1365-263X.2012.01224.x
http://dx.doi.org/10.1016/j.joen.2017.10.012
http://dx.doi.org/10.1007/BF03262577
http://www.ncbi.nlm.nih.gov/pubmed/17555692
http://dx.doi.org/10.1016/0300-5712(85)90063-6
http://dx.doi.org/10.1016/j.joen.2019.02.025
http://www.ncbi.nlm.nih.gov/pubmed/31104819
http://dx.doi.org/10.1016/j.joen.2017.03.033
http://www.ncbi.nlm.nih.gov/pubmed/28673494
http://www.ncbi.nlm.nih.gov/pubmed/9497631

J. Clin. Med. 2020, 9, 984 12 0of 12

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Aguilar, P; Linsuwanont, P. Vital pulp therapy in vital permanent teeth with cariously exposed pulp:
A systematic review. J. Endod. 2011, 37, 581-587. [CrossRef]

Ricucci, D.; Loghin, S.; Siqueira, J.F. Correlation between clinical and histologic pulp diagnoses. |. Endod.
2014, 40, 1932-1939. [CrossRef]

Simon, S.; Perard, M.; Zanini, M.; Smith, A.J.; Charpentier, E.; Djole, S.X.; Lumley, PJ. Should pulp chamber
pulpotomy be seen as a permanent treatment? Some preliminary thoughts. Int. Endod. |. 2013, 46, 79-87.
[CrossRef]

Naenni, N.; Thoma, K.; Zehnder, M. Soft tissue dissolution capacity of currently used and potential endodontic
irrigants. J. Endod. 2004, 30, 785-787. [CrossRef]

Tawakoli, PN.; Ragnarsson, K.T.; Rechenberg, D.K.; Mohn, D.; Zehnder, M. Effect of endodontic irrigants on
biofilm matrix polysaccharides. Int. Endod. J. 2017, 50, 153-160. [CrossRef] [PubMed]

Degnim, A.C.; Scow, J.S.; Hoskin, T.L.; Miller, J.P.; Loprinzi, M.; Boughey, ].C.; Jakub, ] W.; Throckmorton, A.;
Patel, R.; Baddour, L.M. Randomized controlled trial to reduce bacterial colonization of surgical drains after
breast and axillary operations. Ann. Surg. 2013, 258, 240-247. [CrossRef] [PubMed]

Mangum, L.C,; Franklin, N.A.; Garcia, G.R.; Akers, K.S.; Wenke, ].C. Rapid degradation and non-selectivity
of Dakin’s solution prevents effectiveness in contaminated musculoskeletal wound models. Injury 2018, 49,
1763-1773. [CrossRef] [PubMed]

Ryan, C.K,; Potter, G.D. Disinfectant colitis. Rinse as well as you wash. J. Clin. Gastroenterol. 1995, 21, 6-9.
[CrossRef] [PubMed]

Schmidlin, PR.; Zehnder, M.; Gohring, T.N.; Waltimo, T.M. Glutaraldehyde in bonding systems disinfects
dentin in vitro. . Adhes. Dent. 2004, 6, 61-64. [PubMed]

Dutner, J.; Mines, P.; Anderson, A. Irrigation trends among American association of endodontists members:
A web-based survey. J. Endod. 2012, 38, 37—40. [CrossRef]

Bergenholtz, G.; Cox, C.F; Loesche, WJ.; Syed, S.A. Bacterial leakage around dental restorations: Its effect on
the dental pulp. J. Oral Pathol. 1982, 11, 439-450. [CrossRef]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.joen.2010.12.004
http://dx.doi.org/10.1016/j.joen.2014.08.010
http://dx.doi.org/10.1111/j.1365-2591.2012.02113.x
http://dx.doi.org/10.1097/00004770-200411000-00009
http://dx.doi.org/10.1111/iej.12604
http://www.ncbi.nlm.nih.gov/pubmed/26705856
http://dx.doi.org/10.1097/SLA.0b013e31828c0b85
http://www.ncbi.nlm.nih.gov/pubmed/23518704
http://dx.doi.org/10.1016/j.injury.2018.08.004
http://www.ncbi.nlm.nih.gov/pubmed/30104015
http://dx.doi.org/10.1097/00004836-199507000-00002
http://www.ncbi.nlm.nih.gov/pubmed/7560835
http://www.ncbi.nlm.nih.gov/pubmed/15119589
http://dx.doi.org/10.1016/j.joen.2011.08.013
http://dx.doi.org/10.1111/j.1600-0714.1982.tb00188.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Sources and Literature Search 
	Study Selection and Inclusion Criteria 
	Data-Extraction and Quality Assessment 
	Data Analysis and Statistic Evaluation 

	Results 
	Discussion 
	Conclusions 
	References

