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Pulp Therapy of Primary Dentition; its Relevance despite Insufficient
Histological Evidence: A Review
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Pulp treatment in primary dentition is generally divided into vital and non-vital pulp therapies and assists in the
preservation of pulpally involved primary teeth in the dental arch until the affected tooth naturally exfoliates. The
success of pulp therapies depends on several factors; e.g. proper case selection, accurate diagnosis and good

Article Type: Review Article

Received: 19 Jun 2022
Revised: 19 Oct 2022
Accepted: 05 Nov 2022

Doi: 10.22037/iej.v18i1.34931

coronal seal. To date, studies on the success and failure rates of pulp treatments are based on clinical signs and
symptoms, radiographic findings and histological analysis. However, the clinical and radiographic evidence may
not completely portray the true status of the dental pulp. Histological evidence remains the gold standard in the
assessment of pulp condition, whether it is in a healthy or adverse state. The aims of the current research were to
summarise the treatment outcomes of pulp therapy in primary dentition based on clinical, radiographic and
*Corresponding author: Sarliza histological criteria, and to support its relevance in the presence of limited histological evidence to measure
Unit of authentic treatment success. An electronic database search of dental literature from 1990 to 2022 was carried out
Paediatric Dentistry, School of using the MEDLINE, i.e. PubMed, database. Current dental literature showed that the success rates of primary
tooth pulp therapy are high. The obtained results were based largely on clinical and radiographic studies with
narrow histological investigations to assess the treatment outcome(s) of pulp therapy in primary dentition.
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Kelantan, Malaysia. Despite the scarcity of histological evidence, pulp therapies in primary teeth are still practical due to their

statistically empirical success compared to their failure. Consequently, pulp therapy of primary dentition is still
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Keywords: Histological Evidence; Primary Dentition; Pulp Therapy; Success Rate; Treatment Outcome

Introduction

In primary dentition, different treatment modalities of vital pulp

therapy (VPT) are available, namely indirect pulp treatment,
direct pulp capping and pulpotomy. The objective of VPT is to treat
reversible pulpal inflammation, and preserve pulp vitality and
function(s) [1]. The early diagnosis of pulp and periradicular status,
preservation of pulp vitality and decent pulp vascularization are
essential for the success of VPT [2]. Non-vital pulp therapy
conserves primary teeth which would, otherwise, be lost from tooth
extraction when the pulp is irreversibly inflamed [3].

To date, assessments on the success or failure of pulp
treatment in primary dentition have been based upon clinical
and/or radiographic evidence [4]. Criteria for clinical success

include a tooth which does not show any signs or symptoms; e.g.
abscess, pain, swelling, fistula, tenderness to percussion and
excessive mobility [5]. Furthermore, radiographic success is
measured based on the absence of radicular and/or periapical
radiolucency, internal root resorption and cystic development as
well as healthy supporting tissues, normal physiologic resorption
and primary tooth exfoliation, and normal formation and
eruption of successor permanent tooth [5]. However, the stated
criteria are not the actual indicators of treatment success. The true
benchmark and the most reliable criteria in determining success
or failure in pulp therapy is based on histological evidence [6].
Although histological analysis remains the true “gold
standard” of pulp status [6], clinicians make treatment decisions
based on the already-set criteria to determine treatment success
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or failure. Majority of scientific literature has reported success
or failure rates using clinical and radiographic criteria [7-13].
However, the aforementioned criteria may not be the reflection
of true success or failure in the treatment which combines
clinical, radiographic and histological evidence. It is not possible
to carry out a histological examination of the pulp in treated
teeth during recall appointments [14]. However, the sole use of
clinical and/or radiographic findings as standard criteria to be
considered a true measure for the treatment outcome, in the
scarcity of histological data, is yet to be investigated.

A search strategy of electronic databases was performed using
MEDLINE (PubMed). A combination of keywords, including
(“indirect pulp therapy” OR “direct pulp capping” OR
“pulpotomy” OR “pulpectomy”) AND (“primary tooth” OR
“primary teeth”) AND (“children” OR “paediatric” OR
“pediatric”), were used. Twenty nine articles were retrieved from
the combination search of “(indirect pulp therapy) AND (primary
tooth OR primary teeth) AND (children OR paediatric OR
pediatric)”; 23 articles from the combination search of “(direct
pulp capping) AND (primary tooth OR primary teeth) AND
(children OR paediatric OR pediatric)”; 175 articles from the
combination search of “(pulpotomy) AND (primary tooth OR
primary teeth) AND (children OR paediatric OR pediatric)”, and
127 articles from the combination search of “(pulpectomy) AND
(primary tooth OR primary teeth) AND (children OR paediatric
OR pediatric)”. The current study included clinical trials,
randomised controlled trials, literature reviews, systematic
reviews, and meta-analyses on the pulp therapy of primary
dentition published from January 1990 until October 2022. The
database search was limited to references in English language
only. No other additional filters were involved in the search.

The present review aims to summarize the treatment
outcome(s) of pulp therapy in primary dentition based on the
clinical, radiographic and histological criteria, and to support its
relevance in the presence of limited histological evidence.
Therefore, the current study could assist clinicians to make sound
clinical decisions when carrying out pulp therapy in primary
dentition.

Vital Pulp Therapy

Vital pulp therapy is defined as a treatment which aims to
preserve and maintain the dental pulp connective tissue that has
been compromised; nevertheless, the pulp has not become
degenerated and/or necrotic by caries, trauma or restorative
procedures [15, 16]. The selection of different treatment
modalities in VPT depends on the exposure of the dental pulp.
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If the cavity is extensive with no pulp exposure, indirect pulp
treatment would be the treatment of choice; however, direct
pulp capping or partial/full pulpotomy are indicated for the
exposed vital pulp [17].

Indirect pulp treatment

Indirect pulp treatment (IPT) is performed in a tooth with a
deep carious lesion approximating the pulp but without signs or
symptoms of pulpal degeneration [18]. The modality involves
the removal of gross caries whilst allowing sufficient caries to
remain over the pulp horn/chamber to avoid pulp exposure. The
cavity is usually sealed with a biocompatible material [19], while
aliner is placed over the remaining carious dentine to allow pulp
to repair itself [17]. Contemporary liner materials include glass
ionomer cement (GIC), resin-modified glass ionomer cement
(RMGIC), adhesive resin, calcium hydroxide [20], mineral
trioxide aggregate (MTA),and silicate cement [21].

Clinical and radiographic studies

The decision on how much carious dentine needs to be removed,
particularly in deep caries risking pulp exposure, remains
controversial. Long-term studies on IPT have demonstrated a high
3-year survival rate of 96% in primary molars [22]. Researchers have
shown that high clinical and radiographic success rates could still be
accomplished with incomplete excavation of deep caries, leaving
behind affected dentine. [22]. In addition, partial caries removal
represents a better approach compared to complete caries removal
in deep lesions to reduce the risk of pulp exposure; however, the
necessity (to re-enter) for further excavation could not be justified
due to scarce evidence [23].

The high success rate of IPT in primary dentition has been
reported by many authors (Table 1). Farooq et al. [24]
demonstrated the normal exfoliation of all primary molars treated
with IPT, while 38% of formocresol pulpotomy group
demonstrated early exfoliation. Comparable studies showed 36%
of formocresol treated teeth exfoliated early compared to 2% of
IPT group [25]. At three-year follow up, Wunsch et al. [7] found
that IPT had a significant survival rate (96.2%) compared to
formocresol pulpotomy (65.8%) and ferric sulphate pulpotomy
(62.9%) of primary molars. Similarly, a significantly higher overall
success rate was observed in IPT (93.0%) in comparison to ferric
sulphate pulpotomy at 4-year follow-up studies [26].

Apart from accurate diagnosis, appropriate case selection
and technique of treatment, achieving an optimal marginal seal
is imperative for the longevity of IPT [27, 28]. Moreover, the use
of a base over a calcium hydroxide liner and the placement of a
stainless steel crown (SSC) have considerably increased the
success of IPT [28].
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Author

Faroogq et al. [24]

Falster et al. [29]
Al-Zayer et al. [28]
Vij et al. [25]

Franzon et al. [30]

Buyukgural & Cehreli
(31]
Gruythuysen et al.
(22]

Rosenberg et al. [27]

Trairatvorakul &
Sastararuji [20]

Mathur et al. [32]

Boddeda et al. [33]

Sahin et al. [34]

Kalaskar et al. [35]

Saber et al. [36]

Materials

IPT (GIC) wvs FEC
pulpotomy
Adhesive resin s
CaOH

CaOH

IPT vs FC pulpotomy
IPT (CaOH vs gutta-
percha)

Adhesive resin  vs
CaOH

RMGIC

RMGIC

IPT (CaoH) Vs
antibiotic sterilization
(3Mix-MP)

IPT (CaOH, GIC,
MTA)

IPT (Biodentine,

RMGIC, CaOH)

IPT (CaOH,
Biodentine, TheraCal
LC)

IPT (Ozonoid olive oil
vs CaOH)

CHX vs MTA

Table 1. Studies on indirect pulp treatment

Follow-up period

2-7 years

24 months

2 weeks-73 months

36 months
24 months
3 years

1 year

6-29 months

8 weeks, 6 and 12
months

3-12 months

6-24 months

6 and 12 months

12 months

Sample size

133 primary molars

48 primary molars

187 primary molars
226 primary molars

39 primary molars

240 primary molars

125 primary molars
45 permanent teeth

60 primary molars

82 primary molars

109 primary molars

54 primary molars

109 primary molars

30 primary molars

80 primary molars

Treatment outcome

Overall success rate:

IPT=93%

FC=74%

Success rate:

Adhesive resin=96%; CaOH=83%
Interradicular/periapical lesions:

Adhesive resin=4%; CaOH=13%

Overall success rate=95%

Overall success rate:

IPT=94%; FC=70%

Overall success rate:

CaOH=73.3%; Gutta-percha=85.7%

Clinical and radiographic success rates:

Adhesive resin=100%; CaOH=100%

Overall success rate:

Primary molars=96%; Permanent teeth=93%
Clinical and radiographic success rates:
3-month=100%; 6-month=98%; 12-month=97%
Overall success rate:

At 6-11 months; IPT=82%; 3Mix-MP =81%

At 12-29 months

IPT=94%; 3Mix-MP =78%

At 12 months

Clinical and radiographic success rate:
CaOH=93.6%; GIC=97%; MTA=100%

At 3 months

Clinical success rate:

Biodentine=100%; RMGIC=94.4%; CaOH=100%
Radiographic success rate:

Biodentine=100%; RMGIC=94.4%; CaOH=100%
At 6 months

Clinical success rate:

Biodentine=100%; RMGIC=100%; CaOH=100%
Radiographic success rate:

Biodentine=100%; RMGIC=100%; CaOH=100%
At 12 months

Clinical success rate:

Biodentine=100%; RMGIC=100%; CaOH=94.4%
Radiographic success rate:

Biodentine=100%; RMGIC=100%; CaOH=94.4%
At 24 months

Clinical and radiographic success rates:
CaOH=100%; Biodentine=100%; TheraCal LC=93.3%
Clinical and radiographic success rates:

Olive 0il=93.3%; CaOH=100%

Overall success rate:

CHX=97%; MTA=97%

IPT=Indirect Pulp Treatment, CaOH=calcium hydroxide, CHX=chlorhexidine gluconate, FC=formocresol, GIC=glass ionomer cement, IPT=indirect pulp treatment,

Histological studies

Histological evaluations of dentine and pulp tissue responses in
primary teeth receiving IPT are scanty. Sahin et al. showed that the
clinical and radiographic success rates of primary teeth receiving
different pulp capping materials in IPT were high. However, resin-

MTA=mineral trioxide aggregate RMGIC=resin-modified glass ionomer cement,

based tricalcium silicate did not exhibit a favourable histological
response to the pulp compared to hard-setting calcium hydroxide or
bioactive tricalcium silicate [34]. Lutfi et al. [37] investigated the
presence and characterization of stem cells derived from the
remaining dental pulp of 50 exfoliated primary molars, which had
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calcium hydroxide or GIC as liner for indirect pulp capping. The
results obtained from immunocytochemistry and flow cytometry
showed non-significant differences in the proliferation rate of stem
cells between control, calcium hydroxide and GIC groups indicating
favourable response of pulp cells to both materials. The positive
reactivity of stem cells for CD105 and CD166 antibodies proved the
presence of mesenchymal stem cells in the remaining dental pulp. In
addition, histological examination of teeth from both groups revealed
the formation of reactionary dentine by remaining viable
odontoblasts and from the buffering effects of residual dentine.

Direct pulp capping

Direct pulp capping (DPC) is advocated when there is a pin-point
mechanical pulp exposure during cavity preparation or as a
consequence of dental trauma in an asymptomatic tooth [38] free
from oral contaminants [39]. It is recommended that carious pulp
exposure in primary teeth should not be pulp capped [39], although
there has been promising evidence in mature teeth [40].

Clinical and radiographic studies
Several materials have been proposed for DPC in the primary tooth;

including mineral trioxide aggregate (MTA), calcium hydroxide,
bioactive glass, calcium enriched mixture (CEM) cement and enamel
matrix derivative (Table 2). Apart from its use in pulpotomy,
formocresol has been proposed as a premedication in the DPC of pulp
carious exposed human primary molars. Researchers have found that
after a 2-year follow-up, both clinical and radiographic success rates of
premedicated DPC using formocresol were significantly higher
compared to conventional DPC using calcium hydroxide powder [41].

Comparative studies of MTA as a DPC agent in primary teeth
have been promising. Caicedo et al. [14] demonstrated favourable
clinical and radiographic responses in 80% of primary teeth pulp-
capped with MTA. A novel pulp capping material, i.e. 3Mixtatin
(combination of simvastatin and 3Mix), has been compared with
MTA, 3Mix (combination of metronidazole, minocycline and
ciprofloxacin) and simvastatin to treat traumatic non-caries pulp
exposure in 160 primary molars [42]. The treatment outcomes
between MTA and 3Mixtatin have not been statistically significant;
however, the latter has shown statistically excellent results compared
to 3Mix and simvastatin individually.

Table 2. Studies on direct pulp capping

Author Materials

Follow- up period

Sample size Treatment outcome

Post-operative pain & signs of

21 primary teeth pulp degeneration:
Caicedo et al. [14] DPC (CaOH) ws MTA 5 4 ondSmonths (DPC=10, MTA=9.1%; CaOH=20%
pulpotomy i >
pulpotomy=11) Radiographic success rate:
MTA=100%; CaOH=100%
Clinical success rate:
. . 6- and 12-months 120 primary molars CaOH=61.7%; FC=90%
Lt el [40) HOvE ROl intervals for 2 years ~ (CaOH=60, FC=60) Radiographic success rate:
CaOH=53.3%; FC=85%
. o . Clinical success rate:
Fallahinejad Ghajari et al. [44] CEM cement vs MTA 6 months 42 primary molars CEM cement=94.8%; MTA=100%
Kotsanos et al. [45] CaOH 21 months 60 primary molars Opverall success rate=88.3%
Ulusoy et al. [43] CaOH vs CSH 1 week-12 months 40 primary molars Ol e s

Asl Aminabadi et al. [42]

Songsiripradubboon et al. [46]

Erfanparast et al. [47]

Dimitraki et al. [48]

Ali & Raslan [49]

Chatzidimitriou et al. [50]

MTA, 3Mixtatin, 3Mix,
and Simvastatin

Acemannan vs CaOH

TheraCal vs MTA

DPC (MTA) Vs
pulpotomy (MTA)

3Mix-MP vs CaOH

CaOH, Portland cement,
and Biodentine

2, 6, and 12 months

6 months

12 months

12, 24 and 36 months

3-12 months

13 months

160 primary molars

42 primary molars

92 primary molars

97 primary molars

44 primary molars

79 primary molars

CaOH=81.2%; CSH=70.6%
Overall success rate:
MTA=93.8%; 3Mixtatin=91.9%
3Mix=62.5%; Simvastatin=57.1%
Overall success rate:
Acemannan=72.7%; CaOH=70.0%
Overall success rate:
MTA=94.5%; TheraCal=91.8%
Overall success rate:

At 12 months=79.7%

At 24 months =66.0%

At 36 months =66.0%

Overall success rate:
3Mix-MP=54.5%; CaOH=77.3%

Overall failure rate=16%

DPC=Direct Pulp Capping, CaOH=calcium hydroxide, CEM=calcium enriched mixture, CSH=calcium sulfate hemihydrate, FC=formocresol, MTA=mineral trioxide aggregate
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At 12-month follow-up, DPC with calcium hydroxide and/or
calcium sulphate hemihydrate has demonstrated a lower overall
success rate of 75% [43]. Due to insignificant differences in the success
sulphate
hemihydrate has been regarded comparable to calcium hydroxide as

rates between the mentioned materials, calcium
a DPC agent for primary teeth.

Internal resorption and chronic pulp inflammation have
been reported as frequent consequences when calcium
hydroxide is used as a capping material in primary teeth [51].
The high failure rate of DPC in primary teeth may be associated
with its high pulpal cellular content [52]; however, Kotsanos et
al. demonstrated that 88.3% of primary molars treated with
calcium hydroxide as DPC agent survived for 21.0 (+9.0)
months, and the 4-year cumulative survival rate was 80.0%.
Additionally, the high success rate of DPC in deep, carious
primary molars using calcium hydroxide justified future work
on the initial diagnosis of the reversibility of pulpal
inflammation [45]. Nonetheless, and until then, DPC should be
reserved in the primary teeth with exposed pulp which are
expected to exfoliate within one or two years in older children
[39]. There is insufficient data to support or refute any specific
material for DPC in primary teeth [53]. An updated systematic
review can warrant DPC in the primary teeth based on its
favourable success rates [54].

Histological studies
Similar to IPT, histological studies regarding the effects of
DPC on dentine and pulp in primary teeth are scarce.
Haghgoo et al. [55] compared the pulp responses of two
endodontic  biocompatible materials, calcium-enriched
mixture cement and bioactive glass, following direct pulp
capping of primary canine teeth, and showed that the
inflammation scores and hard tissue bridge formation were not
significantly different between both groups. Similarly, previous
studies have shown no significant differences in the pulp
responses of primary canine teeth treated with MTA against
bioactive glass [56]. Cehreli et al. [57] evaluated the effects of
total-etch technique on mechanically exposed primary teeth
pulps directly capped with different types of adhesive resin
systems. Histopathological evaluation demonstrated various
responses; including attempted/no dentinal bridge formation
and mild to severe histological responses [57]. Thus, the
authors did not support the use of dentine bonding agents
following total-etch technique in DPC for primary teeth.

In another study, although the pulp of primary teeth
favourably responded to DPC in clinical and radiographic
evaluations as well as to pulpotomies using MTA, a range of

histological reactions, e.g. normal odontoblasts, irregular

odontoblasts, intra-pulpal calcifications, dentinal bridges,
cementum formation, internal resorption, inﬂammatory
infiltrations and pulp necrosis, were observed [14]. Hence,
despite the absence of supportive histological evidence,
favourable clinical and radiographic outcomes are sufficient to
indicate treatment success.

Pulpotomy

Pulpotomy is performed when the pulp of a primary tooth with
extensive caries is exposed; nevertheless, there is no evidence of
radicular pathology during caries removal resulting in carious or
mechanical pulp exposure [38]. By amputating the inflamed
coronal pulp, the radicular pulp heals and remains vital until the
tooth exfoliates naturally. Then, the surface of radicular pulp is
treated and dressed with a medicament [58].

In the last 80 years, formocresol has been widely accepted as a
pulpotomy agent due to its high clinical and radiographic success.
Formocresol pulpotomy has been regarded as the most
universally taught and preferred technique [39, 59], although
there have been concerns regarding its toxicity [60] and systemic
distribution [61, 62]. Despite the emergence of newer pulpotomy
agents and scrutiny over formocresol, Walker et al. observed no
major shift from the clinical use of formocresol in postgraduate
paediatric residency programs [63]. Evidence have shown that
formocresol has been unlikely to pose any risk to children when it
is used in the typical dose for pulpotomy [64]. Bagrizan et al.
substantiated the mentioned findings and found no significant
difference in the mean plasma level of formaldehyde in children
pre-/post-pulpotomy under general anaesthesia [65].

There have been considerable studies on alternative
materials; e.g. glutaraldehyde, calcium hydroxide, ferric
sulphate, bone morphogenetic protein, enamel matrix
derivative, electrosurgery, sodium hypochlorite, MTA, and
Ankaferd Blood Stopper (Table 3).

Clinical and radiographic studies

A meta-analysis comparing formocresol, ferric sulphate, calcium
hydroxide, MTA and laser pulpotomy of the primary molars as
well as other studies have revealed that MTA can be considered
the most preferred material for pulpotomy [66, 67]. Similarly, the
latest Cochrane systematic review comparing the treatment
outcomes of primary molar pulpotomies between MTA and
calcium hydroxide, and between MTA and formocresol has
shown significant reduction in clinical and radiographic failures
in MTA group [68]. Ferric sulphate has been advocated as a
substitute to formocresol because the success rates of both
materials have been clinically and radiographically comparable
[69-71]. Ferric sulphate and electrosurgery have demonstrated
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Table 3. Studies on pulpotomy

Author Materials Follow- up period Sample size Treatment outcome

Opverall failure rate:

6 months=5.7%; 12 months=9.6%; 25 months=18%
Clinical and radiographic success rates:
FS=96.5%; FC=77.8%

At 6 months Clinical success rate:
ZOE=77.39%; CaOH=81.0%
Radiographic success rate:
ZOE=54.6%; CaOH=57.3%
Opverall success rate:

FS=92.7%; DFC=83.8%

At 28-day Clinical success rate:
FC=100%; Laser=100%
Radiographic success rate:

FC Vs laser . . FC=87.5%; Laser=87.5%

(carbon dioxide) A 0 ey SEnienSae At 90-dayClinical success rate:
FC=100%; Laser=100%
Radiographic success rate:
FC=100%; Laser=86.7%

Clinical success rate:
G/ZOE=96.5%; G/CaOH=89.2%
Radiographic success rate:
G/ZOE=75.8%; G/CaOH=71.4%

Clinical success rate:
FS§=100%; FC=100%
Radiographic success rate:
FS§=97.2%; FC=97.2%

Clinical success rate:
—_ 0/ - —_ 0
?;,;]t erhouse et al. CaOH vs FC 6-24 months 84 primary molars gzg?grzglﬁ’ciiccitfrate:
CaOH=77%; FC=84%
Clinical and radiographic success rate:
ZOE=100%; FS=100%
Pulp canal obliteration:
MTA=41%; FC=13%
Clinical success rate:
ES=96%; FC=84%
Radiographic success rate:
ES=84%; FC=92%
Radiographic failure rate:
FC-SSC=13%; FC-Amalgam=20%
Clinical success rate:
FS§=96%; RCT=98%
Clinical success rate:
FS=96.4%; FC=97.5%
Radiographic success rate:
FS=92%; FC=94.6%
Clinical success rate:
At 1 month
Gray MTA=100%; White MTA=100%; FC=100%
At 3 months
Gray MTA=100%; White MTA=95%; FC=100%
Gray MTA, White 1, 3, 6 and 12 60 pri | At 6 months
MTA and FC months PHMAary MOIArs 0y MTA=100%; White MTA=95%; FC=100%
At 12 months
Clinical success rate:
Gray MTA=100%; White MTA=80%; FC=90%
Radiographic success rate:
Gray MTA=100%; White MTA=80%; FC=90%

Fuks et al. [76] 2% glutaraldehyde 6,12 and 25 months 53 primary molars

Feiet al. [77] FS vs FC 3, 6 and 12 months 83 primary molars
Fishman et al. [78] ZOE vs CaOH 1, 3 and 6 months 47 primary molars

Fuks et al. [79] FS vs FC 6-34 months 96 primary molars

Elliott et al. [80]

Shumayrikh & G/ZOE Vs

Adenubi [81] G/CaOH 12 months 61 primary molars

Ibricevic & al-Jame

82] FS vs FC 3-20 months 70 primary molars

Chien et al. [84] ZOE vs ES 3 months 145 primary teeth

Eidelman et al. [85] MTA vs FC 6-30 months 45 primary molars

Dean et al. [86] ES vs FC 5 months 50 primary molars

FC (SSC vs amalgam

Holan et al. [87] restorations)

6-103 months 341 primary molars

Casas et al. [88] FS vs RCT 24 months 291 primary molars

Ibricevic & Al-Jame

(89] FS vs FC 42-48 months 164 primary molars

Agamy et al. [90]
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Casas et al. [91]

Kalaskar & Damle

[92]

Farsi et al. [93]

Holan et al. [94]

Huth et al. [95]

Markovic et al. [69]

Naik & Hedge [96]

Saltzman et al. [97]

Vargas & Packham

(98]

Caicedo et al. [14]

Liu [99]

Vargas et al. [100]

FS vs RCT (ZOE)

LPDP vs CaOH

MTA vs FC

MTA vs FC
Er:YAG laser,
CaOH, FS and FC

FC, ES and CaOH

MTA vs FC

FC-ZOE vs laser-
MTA

ES vs EC

DPC (CaOH) wvs
MTA pulpotomy

Nd:YAG laser vs
FC

5% NaOCl vs FS

24 months

1, 3 and 6 months

24 months

4-74 months

6, 12, 18 and 24
months

18 months

1, 3 and 6 months

2.3,5.2,9.5 and 15.7
months

6-61 months

1, 2, 3, 4 and 5
months

6-66 months

6 and 12 months

133 primary incisors

55 primary molars

120 primary molars

62 primary molars

200 primary molars

104 primary molars

50 primary molars

52 primary molars

85 primary molars

21 primary teeth
(DPC=10,
pulpotomy=11)

137 primary molars

6 months: 60
primary molars
(NaOCl=32,
FS=28)

12 months: 27
primary molars
(NaOCl=14,
FS=13)

Clinical success rate:

FS=78%; ZOE=100%

Cumulative success rate:

At 1 month

LPDP=100%; CaOH=96.4%

At 3 months

LPDP=100%; CaOH=96.4%

At 6 months

LPDP=100%; CaOH=96.4%
Clinical success rate:

MTA=100%; FC=98.6%
Radiographic success rate:
MTA=100%; FC=86.8%

Overall success rate:

MTA=97%; FC=83%

Overall success rate:

Er:YAG laser=93%; CaOH=87%; FS=100%; FC=96%
Clinical success rate:

FC=90.9%; FS=89.2%; CaOH=82.3%
Radiographic success rate:
FC=84.8%; FS=81.1%; CaOH=76.5%
At 1, 3 and 6 months

Clinical success rate:

MTA=100%; FC=100%
Radiographic success rate:
MTA=100%; FC=100%

At 2.3,5.2,9.5 and 15.7 months
Clinical success rate:

FC-ZOE =100%; Laser-MTA=100%
At 2.3 months

Radiographic success rate:
FC-ZOE=100%; Laser-MTA=95.8%
At 5.2 months

Radiographic success rate:
FC-ZOE=100%; Laser-MTA=95%
At 9.5 months

Radiographic success rate:
FC-ZOE=95%; Laser-MTA=77.8%
At 15.7 months

Radiographic success rate:
FC-ZOE=84.6%; Laser-MTA=71.4%
Radiographic success rate:

FS=43%; FC=56%; FS+FC=55%
Post-operative pain & signs of pulp degeneration:
MTA=9.1%; CaOH=20%
Radiographic success rate:
MTA=100%; CaOH=100%

Overall success rate:

Clinical success rate:

Nd:YAG laser=97%; FC=85.5%
Radiographic success rate:

Nd:YAG laser=94.1%; FC=78.3%
At 6 months

Clinical success rate:

NaOCl=100%; FS=100%
Radiographic success rate:
NaOCl=91%; FS=68%

At 12 months

Clinical success rate:

NaOCl=100%; FS=85%
Radiographic success rate:
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Aeinehchi et al.

[101]

Aminabadi
[102]

Bahrololoomi et al.

[103]

Moretti et al. [104]

Noorollahian [105]

Sabbarini et al.

[106]

Sonmez et al. [107]

Trairatvorakul &

Chunlasikaiwan
[108]

Zurn & Seale [109]

Alagam et al. [110]

et al

MTA vs EC

FC pulpotomy vs
RCT(ZOE)

ES vs FC

MTA, CaOH and
FC

MTA vs FC

EMD vs FC

MTA, CaOH, FS
and FC

ZOE vs Vitapex

CaOH vs FC

FC, CaOH, and
CaOH/iodoform

3 and 6 months

12 and 24 months

3, 6 and 9 months

3, 6, 12, 18 and 24
months

6,12 and 24 months

2, 4, and 6 months

6,12, 18 and 24 months

6 and 12 months

12-24 months

1, 3, 6, 9 and 12
months

I fj Iranian Endodontic Journal 2023;18(1): 15-40

100 primary molars

100 primary incisors

70 primary molars

45 primary molars

56 primary molars

30 primary molars

80 primary molars

54 primary molars

68 primary molars

105 primary molars

NaOCl=79%; FS=62%

At 3 months

Clinical success rate:

MTA=100%; FC=100%
Radiographic success rate:
MTA=100%; FC=98.2%

At 6 months

Clinical success rate:

MTA=100%; FC=100%
Radiographic success rate:
MTA=100%; FC=89.5%

Clinical success rates:

FC=86.9%; RCT=95.6%
Radiographic success rates:
FC=76.08%; RCT=91.3%

At 9 months:

Clinical success rate:

ES=96%; FC=100%

Radiographic success rate:

ES=84%; FC=96.8%

Clinical success rate:

MTA=100%; CaOH=64%; FC=100%
Radiographic success rate:
MTA=100%; CaOH=64%; FC=100%
At 6 months

Clinical success rate:

MTA=100%; FC=100%
Radiographic success rate:
MTA=100%; FC=100%

At 12 months

Clinical success rate:

MTA=100%; FC=100%
Radiographic success rate:
MTA=96.5%; FC=100%

At 24 months

Clinical success rate:

MTA=100%; FC=100%
Radiographic success rate:
MTA=94.4%; FC=100%

Clinical success rate:

EMD=93%; FC=67%

Radiographic success rate:
EMD=60%; FC=13%

Overall success rate:

MTA=66.6%; CaOH=46.1%; FS=73.3%; FC=76.9%
Success rates at 6 months:
ZOE=48%; Vitapex=78%

Success rates at 12 months:
ZOE=85%; Vitapex=89%

Overall success rate:

CaOH=56%; FC=94%

At 1 month

Clinical success rate:

FC=100%; CaOH=100%; CaOH/iodoform=100%
Radiographic success rate:
FC=100%; CaOH=81.8%; CaOH/iodoform=82.8%
At 3 months

Clinical success rate:

FC=100%; CaOH=87.9%; CaOH/iodoform=86.2%
Radiographic success rate:
FC=100%; CaOH=57.6%; CaOH/iodoform=51.7%

@l This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
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Sakai et al. [111]

Subramaniam et al.
[112]

Ansari & Ranjpour
[113]

Sonmez &
Duruturk [72]

Zealand et al. [114]

Malekafzali et al.
[115]

Erdem et al. [70]

Kurji et al. [116]

Liu et al. [117]

Nematollahi et al.
[118]

Srinivasan &
Jayanthi [119]

PC vs MTA

MTA vs EC

MTA vs FC

CaOH
amalgam
restorations)

(SSC s

Grey MTA vs FC

CEM cement vs
MTA

MTA, FS, FC and
ZOE

FC
MTA vs CaOH

Electrosurgical
(ZOE vs ZPC sub-
base)

MTA vs EC

3, 12, 18 and 24
months

24 months

6, 12 and 24 months

12 months

6 months

6, 12 and 24 months

6, 12 and 24 months

5 years

10-56 months

3, 6 and 12 months

3, 6, 9 and 12

months

30 primary molars

40 primary molars

40 primary molars

154 primary molars

252 primary molars

80 primary molars
128 primary molars
557 primary molars

34 primary molars

120 primary second
molars

100 primary second
molars

At 6 months

Clinical success rate:

FC=96.6%; CaOH=66.7%; CaOH/iodoform=48.3%
Radiographic success rate:

FC=96.6%; CaOH=48.5%; CaOH/iodoform=27.6%
At 9 months

Clinical success rate:

FC=96.6%; CaOH=66.7%; CaOH/iodoform=48.3%
Radiographic success rate:

FC=93.1%; CaOH=48.5%; CaOH/iodoform=27.6%
At 12 months

Clinical success rate:

FC=89.7%; CaOH=33.3%; CaOH/iodoform=17.2%
Radiographic success rate:

FC=89.7%; CaOH=33.3%; CaOH/iodoform=13.8%
At 3, 12, 18 and 24 months

Clinical success rate:

PC=100%; MTA=100%

Radiographic success rate:

PC=100%; MTA=100%

Overall success rate:

MTA=95%;FC=85%

At 24 months

Clinical success rate:

MTA=93.3%; FC =60.0%

Radiographic success rate:

MTA=93.3%; FC=60.0%

Overall success rate:
CaOH-SSC=79.9%; CaOH-Amalgam=60%

Clinical success rate:

Grey MTA=100%; FC=97%
Radiographic success rate:
MTA=95%; FC=86%

At 12 months

Radiographic success rate:
CEM=98.75%; MTA=96.25%
Overall success rate:
MTA=96%; FS=88%; FC=88%; ZOE=68%
Clinical success rate=99%
Radiographic success rate=90%
Cumulative 5-yr survival rate=87%
Success rate:

MTA=94.1%; CaOH=64.7%

At 12 months

Clinical success rate:
ES-ZOE=98.2%; ES-ZPC=96.2%
Radiographic success rate:
ES-ZOE=84.2%; ES-ZPC=75%
At 3 months

Clinical success rate:
MTA=100%; FC=100%
Radiographic success rate:
MTA=100%; FC=100%

At 6 months

Clinical success rate:
MTA=100%; FC=100%
Radiographic success rate:
MTA=100%; FC=90%

At 9 months

Clinical success rate:
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Airen et al. [120] MTA vs FC

FC pulpotomy vs
Howley et al. [11] Vitapex
pulpectomy

Er:-YAG laser,

Huth et al. [121] CaOH. FS and FC

Odabas et al. [12] MTA vs FS

Sushynski et al.

(122] FC vs Gray MTA

6, 12 and 24 months

23 months

6, 12, 18, 24 and 36
months

1, 3, 6, 9 and 12
months

6, 12, 18 and 24
months
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70 primary molars

74 primary incisors

200 primary molars

93 primary molars

252 primary molars

MTA=100%; FC=91.6%
Radiographic success rate:
MTA=95.7%; FC=81.25%
At 12 months

Clinical success rate:
MTA=100%; FC=91.3%
Radiographic success rate:
MTA=95.7%; FC=78.2%
Clinical success rate:
MTA=97%; FC=85%
Radiographic success rate:
MTA=88.6%; FC=54.3%

Radiographic success rate:
FC pulpotomy=89%; Vitapex pulpectomy=73%

At 36 months

Clinical success rate:
Er:YAG laser=89%; CaOH=75%; FS=97%; FC=92%
At 1 month

Clinical success rate:
MTA=100%; FS=98%
Radiographic success rate:
MTA=100%; FS=96.1%

At 3 months

Clinical success rate:
MTA=97.6%; FS=95.9%
Radiographic success rate:
MTA=97.6%; FS=85.7%

At 6 months

Clinical success rate:
MTA=97.6%; FS=91.7%
Radiographic success rate:
MTA=97.6%; FS=97.2%

At 9 months

Clinical success rate:
MTA=97.4%; FS=91.7%
Radiographic success rate:
MTA=92.3%; FS=79.2%

At 12 months

Clinical success rate:
MTA=94.7%; FS=84.8%
Radiographic success rate:
MTA=92.1%; FS=78.3%
Combined clinical success rate:
FC=99%; Gray MTA=100%
Combined radiographic success rate:
FC=81%; Gray MTA=95%
At 6 months

Clinical success rate:
FC=98%; Gray MTA=100%
Radiographic success rate:
FC=85%; Gray MTA=95%
At 12 months

Clinical success rate:
FC=100%; Gray MTA=100%
Radiographic success rate:
FC=81%; Gray MTA=93%
At 18 months

Clinical success rate:
FC=99%; Gray MTA=100%
Radiographic success rate:
FC=78%; Gray MTA=95%

@l This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).
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Trairatvorakul &

Koothiratrakarn FC vs CaOH (PP)  6-36 months

[123]

Yaman et al. [124] ABS vs FC 3, 6 and 12 months

Al-Mutairi &

Bawazir [125] NaOCl vs FC 3, 6 and 12 months
ProRoot MTA,

Celik et al. [126] MTA Angelus and L 8 6, 12, 10 i 22

months

CaOH

Ferniandez et al.
[127]

FC, MTA, FS and 6, 12,
NaOCl months

18 and 24

86 primary molars

60 primary molars

82 primary molars

139 primary molars

100 primary molars

At 24 months

Clinical success rate:

FC=98%; Gray MTA=100%

Radiographic success rate:

FC=76%; Gray MTA=95%

Success rates:

At 6 months

CaOH=95.3%; FC=92.7%

At 12 months

CaOH=92.5%; FC=90%

At 18 months

CaOH=92.1%; FC=87.2%

At 24 months

CaOH=83.3%; FC=80.5%

At 30 months

CaOH=79.4%; FC=75.0%

At 36 months

CaOH=75%; FC=74.2%

Total success rates:

At 3 months

ABS=100%; FC=100%

At 6 months

ABS=93.5%; FC=96.7%

At 12 months

ABS=85.7%; FC=89.3%

At 3 months

Clinical success rate:

NaOCl=100%; FC=100%

At 6 months

Clinical success rate:

NaOCl=95%; FC=95%

Radiographic success rate:

NaOCl=87.5%; FC=95%

At 12 months

Clinical success rate:

NaOCl=94.6%; FC=92.1%

Radiographic success rate:

NaOCl=86.5%; FC=86.8%

At 24 months

Cumulative clinical success rate:

ProRoot MTA=98%; MTA Angelus=96%; CaOH=77%
Cumulative radiographic success rate:
ProRoot MTA=98%; MTA Angelus=91%; CaOH=45%
Overall success rate:

FC=97.5%; MTA=96.5%; FS=98%; NaOCl=85%
At 6 months

Clinical success rate:

FC=100%; MTA=100%; FS=92%;NaOCl=96%
Radiographic success rate:

FC=100%; MTA=100%; FS=95%; NaOCl=87%
At 12 months

Clinical success rate:

FC=100%; MTA=100%; FS=92%; NaOCl=96%
Radiographic success rate:

FC=100%; MTA=100%; FS=89%; NaOCl=83%
At 18 months

Clinical success rate:

FC=100%; MTA=100%; FS=92%; NaOCl=96%
Radiographic success rate:

FC=100%; MTA=100%; FS=100%; NaOCl=83%
At 24 months

Clinical success rate:
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Havale et al. [128]

Mettlach et al. [129]

Ruby et al. [130]

Shabzendedar et al.
[131]

Akcay & Sari [132]

Khorakian et al.
[133]

Farsi et al. [134]

Kang et al. [135]

EC,

Glutaraldehyde fr’lon6tils AT
and FS

MTA vs FC 6-42 months

3% NaOCl vs FC 6 and 12 months

3% NaOCl vs FC 6 and 12 months
CaOH wvs MTA

(NaOCl vs saline 12 months

cleaning agent)

CEM cement vs

ES/ZOE 6, 12 and 24 months

0
5.25% NaOCl, FC 6, 12 and 18 months

and FS

ProRoot MTA,

OrthoMTA and 3,6 and 12 months
RetroMTA
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90 primary molars

270 primary molars

65 primary teeth

6 months: 47
primary molars
(NaOCl=22,
FC=25)

12 months: 25
primary molars
(NaOCl=15,
FC=10)

100 primary molars

128 primary teeth

102 primary molars

81 primary molars

151 primary molars

FC=100%; MTA=100%; FS=92%; NaOCl=96%

Radiographic success rate:

FC=95%; MTA=93%; FS=100%; NaOCl=75%

At 12 months
Clinical success rate:

FC=86.7%; Gluteraldehyde=100%; FS=96.7%

Radiographic success rate:

FC=56.7%; Gluteraldehyde=383.3%; FS=63.3%

At 42 months

Clinical success rate:

MTA=99.8%; FC=99.1%
Radiographic success rate:
MTA=95%; FC=79.3%

At 6 months

Clinical success rate:
NaOCl=100%; FC=100%
Radiographic success rate:
NaOCl=86%; FC=84%

At 12 months

Clinical success rate:
NaOCl=100%; FC=100%
Radiographic success rate:
NaOCl=80%;FC=90%

At 6 months

Clinical success rate:
NaOCl=100%; FC=100%
Radiographic success rate:
NaOCl=98%; FC=94%

At 12 months

Clinical success rate:
NaOCl=100%; FC=100%
Radiographic success rate:
NaOCl=92%; FC=93%
Radiographic success rates:
CaOH-NaOCl=84%; CaOH-saline=74%
MTA-NaOCI=97%; MTA-saline=100%
At 24 months

Clinical success rate:

CEM=100%; ES/ZOE=100%
Radiographic success rate:
CEM=90%; ES/ZOE=95.2%

At 6 months

Clinical success rate:
NaOCl=100%; FC=100%; FS=100%
Radiographic success rate:
NaOCl=100%; FC=100%; FS=100%
At 12 months

Clinical success rate:
NaOCl=100%; FC=96%; FS=95.7%
Radiographic success rate:
NaOCl=95.8%; FC=100%; FS=100%
At 18 months

Clinical success rate:
NaOCl=83.3%; FC=96%; FS=87%
Radiographic success rate:
NaOCl=91.7%; FC=100%; FS=95.7%
At 12 months

Clinical success rate:

ProRoot MTA=100%; OrthoMTA=97.4%; RetroMTA=100%

Radiographic success rate:

ProRoot MTA=94.7%; OrthoMTA=94.7%; RetroMTA=100%
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At 6, 12 and 24 months
Clinical success rate:
6,12 and 24 months 39 primary molars ~ PC=100%; PC+iodoform=100%; PC+ZrO=100%
Radiographic success rate:
PC=100%; PC+iodoform=100%; PC+ZrO=100%
Clinical success rate:
FC=81%; MTA=100%
Radiographic success rate:
FC=81%; MTA=96%
At 12 months
Cuadros- MTA vs Clinical success rate:
Fernandez et al. . . 6 and 12 months 90 primary molars MTA=92%; Biodentine=97%
Biodentine . . )
[138] Radiographic success rate:
MTA=97%; Biodentine=95%
At 3 months
Clinical success rate:
Biodentine=100%; FC=100%
Radiographic success rate:
Biodentine=100%; FC=100%
At 6 months
Clinical success rate:
Biodentine=100%; FC=100%
Radiographic success rate:
Biodentine=100%; FC=98.1%
At 3 months
Clinical success rate=100%
Radiographic success rate=96%
At 6 months
Clinical success rate=100%
Radiographic success rate=96%
At 12 months
25 primary molars ~ Clinical success rate=100%
Radiographic success rate=96%
At 24 months
Clinical success rate=100%
Radiographic success rate=100%
At 36 months
Clinical success rate=100%
Radiographic success rate=100%
Clinical success rate:
CLOR=100%; FC=100%; White MTA=100%
Radiographic success rate:
CLOR=76%; FC=90.91%; White MTA=88.23%
At 3 months
Clinical success rate:
Biodentine=100%; MTA=100%
Radiographic success rate:
Biodentine=100%; MTA=100%
At 6 months
Clinical success rate:
Biodentine=100%; MTA=100%
Radiographic success rate:
90 primary molars  Biodentine=100%; MTA=100%
At 9 months
Clinical success rate:
Biodentine=97.8%; MTA=100%
Radiographic success rate:
Biodentine=97.8%; MTA=100%
At 12 months
Clinical success rate:
Biodentine=97.8%; MTA=97.8%
Radiographic success rate:

Louren¢o Neto et PC, PC+iodoform
al. [136] and PC+ZrO

Olatosi et al. [137] FC vs MTA 12 months 50 primary molars

El Meligy et al.

(139] Biodentine vs FC 3 and 6 months 112 primary molars

3, 6, 12, 24 and 36

Godhi &Tyagi [8]  MTA months

Musale & Soni CLOR, FC and

(140] White MTA 12 months 152 primary molars

Biodentine vs 3, 6, 9 and 12

Togaru et al. [141] MTA months
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EC, MTA,
Yildrim et al. [142] Portland cement
and EMD
. Biodentine Vs
Bani et al. [143] MTA
Carti & Oznurhan Biodentine Vs
[14] MTA
Chauhan et al. FC vs NaOCl

[144]

Guven et al. [145]

Kathal et al. [146]

Biodentine, MTA-
Plus, ProRoot
MTA and FS

Antioxidant mix
vs MTA

3, 6, 12, 18 and 24

months

24 months

1,3, 6 and 12 months

3 and 6 months

6, 12 and 24 months

6 and 12 months
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140 primary molars

31 primary molars

50 primary molars

40 primary molars

116 primary molars

40 primary molars

Biodentine=97.8%; MTA=97.8%
Clinical success rate:

FC=96.9%; MTA=100%

Portland cement=93.9%
EMD=93.3%

Radiographic success rate:
FC=84.4%; MTA=93.9%

Portland cement=96.7%; EMD=78.1%
Clinical success rate:
Biodentine=96.8%; MTA=96.8%
Radiographic success rate:
Biodentine=93.6%; MTA=87.1%
At 1 month

Clinical success rate:

MTA=100%; Biodentine=100%
Radiographic success rate:
MTA=100%; Biodentine=100%
At 3 months

Clinical success rate:

MTA=100%; Biodentine=100%
Radiographic success rate:
MTA=92%; Biodentine=800%

At 6 months

Clinical success rate:

MTA=100%; Biodentine=100%
Radiographic success rate:
MTA=84%; Biodentine=68%

At 12 months

Clinical success rate:

MTA=96%; Biodentine=96%
Radiographic success rate:
MTA=80%; Biodentine=60%

At 3 months

Clinical success rate:

FC=100%; NaOCl=100%
Radiographic success rate:

FC=95%; NaOCl=90%

At 6 months

Clinical success rate:

FC=100%; NaOCl=100%
Radiographic success rate:

FC=90%; NaOCl=85%

Total success rate:

At 6 months

Biodentine=100%; MTA-Plus=100%
ProRoot MTA=100%; FS=100%
At 12 months
Biodentine=89.65%; MTA-Plus=96.55%
ProRoot MTA=93.1%; FS=82.75%
At 24 months
Biodentine=82.75%; MTA-Plus=86.2%
ProRoot MTA=93.1%; FS=75.86%
At 6 months

Clinical success rate:
Antioxidant=95%; MTA=100%
Radiographic success rate:
Antioxidant=95%; MTA=100%
At 12 months

Clinical success rate:
Antioxidant=94.74%; MTA=88.89%
Radiographic success rate:
Antioxidant=94.74%; MTA=88.89%
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At 12 months
Radiographic success rate:
ESEMTA FS+MTA=93%; RCT=79%
At 18 months
Radiographic success rate:
FS+MTA=90%; RCT=79%
Overall success rate:
ABS, FC and ES 6-24 months 45 primary molars  Clinical: ABS=87%; FC=87%; FS=100%
Radiographic: ABS=87%; FC=80%; FS=87%
Overall success rates:
PRF=90%; MTA=92%
At 6 months
Clinical success rate: Biodentine=96%
ProRoot White MTA=100%; Tempophore=100%
Radiographic success rate:
Biodentine=96%
ProRoot White MTA=100%; Tempophore=85%
At 12 months

Nguyen et al. [147]  pulpotomy vs 12 and 18 months 172 primary incisors
RCT

Ozmen & Bayrak
[148]

Patidar et al. [149] PRF vs MTA 1, 3 and 6 months 50 primary molars

Raiasekharan ef al Biodentine, ProRoot Clinical success rate: Biodentine=96%
(1 5] 0] ° White MTA and 6,12 and 18 months 81 primary molars ProRoot White MTA=100%; Tempophore=96%
Tempophore Radiographic success rate:

Biodentine=96%
ProRoot White MTA=92%; Tempophore=75%
At 18 months
Clinical success rate: Biodentine=95%
ProRoot White MTA=100%; Tempophore=96%
Radiographic success rate: Biodentine=94%
ProRoot White MTA=91%; Tempophore=82%
3Mixtatin, MTA . Overall success rate clinical:
and EC 6,12 and 24 months | 150 primarymolars | 3y r.. 1190, 5%; MTA=88.1%; FC=78.9%
At 3, 6 and 12 months
Clinical success rate: FS=100%; MTA=100%

3 9 9 - FS— 04+ = 0,
Junqueira et al. 15.5% ES vs MTA 3, 6, 12 and 18 1 gy moaks Radiographic success rate: FS=100%; MTA=100%

Jamali et al. [151]

[152] months At 18 months
Clinical success rate: FS=100%; MTA=100%
Radiographic success rate: FS=85.7%; MTA=100%
At 24 months
Nematollahi et al. . Clinical success rate: MTA=90.9%; FC=100%
(153] MTA vs FC 6,12 and 24 months 50 primary molars Radiographic success rate: MTA=90.5%; FC=952%
Overall success rate: MTA=81.8%; FC=95.2%
At 12 months
Alsanouni & NeoMTA Plus vs Clinical success rate:
. 3,6 and 12 months 80 primary molars NeoMTA Plus=100%; ProRoot MTA=97.4%
Bawazir [154] ProRoot MTA Radio hi te:
graphic success rate:
NeoMTA Plus=97.5%; ProRoot MTA=94.9%
Clinical success rate:
FS-ZOE=95%; FS-CaOH=100%
FS-ZOE, FS-CaOH, >
Ataseveretal. [155] NaOCI-ZOE and 12 months 80 primary molars Il;IaQCl—ZOE=100%; WEIOCIHCE0): Bikiehy
NaOCL-CaOH adiographic success rate:
FS-ZOE=80%; FS-CaOH=88.9%
NaOCl-ZOE=78.9%; NaOCl-CaOH=84.2%
Clinical success rate:
Celik et al. [156] MTA vs Biodentine 24 months 44 primary molars MTA=100%; Biodentine=89.4%

Radiographic success rate:

MTA=100%; Biodentine=89.4%

Opverall success rate: At 12 months=79.7%
At 24 months=66.0%; At 36 months=66.0%
At 12 months

Clinical success rate:

El Meligy etal. [157] Biodentine vsFC 3, 6 and 12 months 112 primary molars ~ Biodentine=100%; FC=100%

Radiographic success rate:
Biodentine=100%; FC=98.1%

DPC (MTA) ws

Dimitraki et al. [48] pulpotorny (MTA)

12,24 and 36 months 97 primary molars
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Luengo-Fereira et
al. [158]

Rubanenko et al.
[159]

Silva et al. [160]

Aripirala et al.
[161]

Cordell et al. [162]

Petel et al. [163]

Yavagal et al. [164]

Guang et al. [165]

Ildes et al. [166]

CTZ paste vs FC

Biodentine vs FC

MTA,
CaOH+saline, and
CaOH+PEG

Diode laser wvs
Simvastatin

MTA vs ES

Portland
vs FC

cement

Laser vs FC

Biodentine vs FC

FC, FS and HA gel

6, 12 and 24 months

2-4 years

3, 6 and 12 months

3 and 12 months

6 and 12 months

2-4 years

9 months

6 and 12 months

1,3, 6 and 12 months

80 primary molars

72 primary molars

44 primary molars

100 primary molars

50 primary molars

136 primary molars

68 primary molars

66 primary molars

130 primary molars

At 24 months

Clinical success rate:

CTZ=100%; FC=94.3%

Radiographic success rate:

CTZ=97.4%; FC=94.3%

Overall success rate:

Biodentine=97.3%; FC=91.4%

At 3 months

Clinical success rate:

MTA=100%; CaOH+saline=100%; CaOH+PEG=91.7%
Radiographic success rate:

MTA=100%; CaOH+saline=66.7%; CaOH+PEG=66.7%
At 6 months

Clinical success rate:

MTA=100%; CaOH+saline=100%; CaOH+PEG=100%
Radiographic success rate:

MTA=100%; CaOH+saline=60.0%; CaOH+PEG=72.7%
At 12 months

Clinical success rate:

MTA=100%; CaOH-+saline=93.3%; CaOH+PEG=100%
Radiographic success rate:

MTA=100%; CaOH-+saline=33.3%; CaOH+PEG=72.7%
At 12 months

Clinical success rate:

Laser=76.1%; Simvastatin=80.4%

Radiographic success rate:

Laser=52.1%; Simvastatin=65.2%

At 6 months

Clinical success rate:

FS=95.2%; MTA=100%

At 12 months Clinical success rate:

FS=86.6%; MTA=100%

Radiographic success rate:

FS=60%; MTA=100%

Overall success rate:

Portland cement=100%; FC=91.1%

Clinical success rate:

Laser=94.1%; FC=97.05%

Radiographic success rate:

Laser=94.1%; FC=58.82%

At 6 months

Clinical success rate:

Biodentine=100%; FC=100%

Radiographic success rate:

Biodentine=93.9%; FC=84.8%

At 12 months

Clinical success rate:

Biodentine=100%; FC=100%

Radiographic success rate:

Biodentine=93.9%; FC=81.8%

At 12 months

Clinical success rate:

FC=77.5%; FS=86.8%; HA=87.5%

Radiographic success rate:

FC=57.6%; FS=68.8%; HA=57.9%

ABS=Ankaferd blood stopper, CaOH=calcium hydroxide, CEM=calcium-enriched mixture, CLOR=Copaifera langsdorffii oil resin, CTZ=Chloramphenicol,
Tetracycline and Zinc Oxide-Eugenol, DPC=direct pulp capping, EMD=enamel matrix derivative, Er:YAG=erbium:yttrium aluminium garnet,
ES=electrosurgical, FC=formocresol, FS=ferric sulfate, G =glutaraldehyde. HA=hyaluronic acid, LPDP=lyophilized freeze dried platelet, MTA=mineral
trioxide aggregate, NaOCl=sodium hypochlorite, PC=Portland cement, PEG=polyethylene glycol, PP=partial pulpotomy, PRF=platelet-rich fibrin, RCT=root
canal therapy. SSC=stainless steel crown, ZOE=zinc oxide-eugenol, ZPC=zinc polycarboxylate cement, ZrO=zirconium oxide
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comparable success to formocresol, introducing themselves as
substitutes for the latter. Nonetheless, pulpotomy using calcium
hydroxide is not recommended [71].

Besides the accurate diagnosis of pulp status, proper
coronal restoration without leakage is an imperative criterion
for the long-term prognosis/success of pulpotomy [3, 72]. In
vitro microleakage evaluation of different filling materials in
the restoration of pulpotomised primary molars has shown
that resin-based restorative materials have not demonstrated
[73]. The
pulpotomised primary molars receiving immediate stainless

marginal leakage treatment success of
steel crown(s) has increased significantly (82.0%) compared
to those temporised by an intermediate restorative material
(IRM) (39%) [24]. Similar studies have shown greater
treatment success in pulpotomised teeth restored with
immediate stainless steel crown(s) (86%) in comparison with
teeth temporarily restored with IRM (61%) or IRM-Ketac
Molar (77%) after emergency pulpotomies [74, 75]. Sonmez
and Duruturk found statistically significant differences in the
success rates of calcium hydroxide pulpotomies in primary
molars restored with stainless steel crown(s) (79.9%)
compared to amalgam-based restorations (60.0%)[72].
Furthermore, the most recent evaluation of scientific
evidence, involving randomised clinical trials comparing
different VPT modalities in deciduous molars, has supported the
idea that MTA may be the most superior medicament for
pulpotomy [167]. Similarly, in a systematic review on VPT of
primary dentition, Coll et al. [168] concluded that IPT and
pulpotomy with MTA and formocresol for the treatment of deep
carious lesions in primary teeth after 24 months are supported
by the highest level of success and quality of literature evidence.
The combined success rate for all pulpotomies on 1,022 primary
teeth was 82.6% while the 24-month success rates for IPT and
DPC were 94.4% and 88.8%, respectively. Although the success
rates of DPC were similar to IPT and MTA or formocresol

pulpotomy, it was based on a lower quality of literature evidence.

Histological studies

Studies on the dentine and pulp histology in pulpotomy have
been carried out in human primary teeth and animals.
Histological evaluation of MTA, as a pulpotomy agent in human
primary molars, has shown signs of healthy pulp and calcified
areas [8]. Although MTA or ferric sulphate pulpotomy have
displayed absence of inflammation in the dentine-pulp complex
connective tissue, the formation of hard tissue barrier
surrounded by odontoblasts over the pulp stump has only been
observed in MTA group. Agamy et al. has histologically

compared white MTA, grey MTA and formocresol as

pulpotomy agents, and has found that both types of MTA had
been able to induce the formation of thick dentinal bridge at the
pulp amputation site [90]. In addition, the pulp architecture of
teeth in MTA group was close to normal pulp with few
induced by
formocresol was thin and poorly calcified [90]. In pulpotomy

inflammatory cells. However, the dentine
studies using laser, the higher the carbon dioxide laser energy
used, the lesser the degree of pulp inflammation observed in
[80]. While

(bio)materials (e.g. Biodentine) pulpotomised teeth, the teeth

human primary canines in calcium-based
did not exhibit any necrosis, formocresol-treated teeth exhibited
degrees of necrotic sites [165].

In animal studies, El-Meligy et al. compared the histology of
pulpal and periapical tissue reactions of the primary teeth of
dogs treated by electrosurgery with those of formocresol
[169]. teeth
demonstrated less tissue reaction in comparison to the

pulpotomy Electrosurgery  pulpotomised
formocresol group. Additionally, the comparisons of pulpal
reactions to ferric sulphate and formocresol pulpotomies in
baboons’ primary molars showed no statistically significant
differences. Nevertheless, internal root resorption, external
resorption and periapical abscesses were observed more
frequently in the formocresol group. Therefore, investigators
have concluded that pulpotomy can, still, be clinically successful
even if the histological reactions are unfavourable [170].

Non-vital pulp therapy

Pulpectomy

Pulpectomy is a root canal procedure for the pulpal connective
tissue that is irreversibly infected or necrotic due to carious lesion(s)
and/or trauma [38]. Studies on different pulpectomy methods and
medicaments have been constantly investigated (Table 4).

Clinical and radiographic studies

Zinc oxide eugenol (ZOE) has undergone several trials as a
root filling material. Generally, pulpectomies filled short or to
the apex have produced greater success compared to over-
filled cases [171]. Although short-filled pulpectomies retained
significantly less ZOE compared to the over-filled, ZOE
particles were completely resorbed or showed reduction of
filler size in 80% of the cases [172]. However, the overall higher
success rate of KRI™ paste (iodoform-containing paste)
compared to ZOE in necrotic primary molars has confirmed
the efficiency of the former paste as an alternative root filling
material [173]. Under-filled root canals with KRI™ paste and
ZOE have demonstrated a lower failure rate (KRI"=14%,
ZOE=17%) compared to over-filled root canals using similar
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Author

Holan & Fuks [173]

Sadrian & Coll [172]

Coll & Sadrian [171]

Casas et al. [88]

Casas et al. [91]

Mortazavi & Mesbahi
[179]

Aminabadi et al. [102]

Trairatvorakul &
Chunlasikaiwan [108]
Ramar & Mungara
[176]

Subramanim &
Gilhotra [177]

Howley et al. [11]

Rewal et al. [175]

Akcay & Sari [132]

Pramila et al. [178]

Chen X et al. [180]

Materials
ZOE vs KRI
paste

ZOE

ZOE

RCT vs ES
pulpotomy
ZOE vs FS
pulpotomy
ZOE vs Vitapex

RCT (ZOE) vs

FC pulpotomy
ZOE vs Vitapex
RC Fill,
Endoflas  and
Metapex
Endoflas, ZOE
and Metapex
Vitapex
pulpectomy vs
FC pulpotomy
Endoflas Vs
ZOE

CaOH-NaOCl/
saline vs MTA-
NaOCl/ saline

RC Fill, Vitapex
and Pulpdent

MPRCF
(mixture of
ZOE, iodoform,
CaOH) vs ZOE
vs Vitapex

Table 4. Studies on pulpectomy

Follow-up period

12->48 months

90.8 months (mean)

90.8 months (mean)

24 months
24 months

3-16 months

12 and 24 months

6 and 12 months

9 months

3, 6,
months

23 months

3, 6, and 9 months

12 months

6, 12 and 30 months

6, 12 and 18 months

I fj Iranian Endodontic Journal 2023;18(1): 15-40

12 and 18

Sample size

78 primary molars

teeth
primary

81 primary
(incisors=30,
molars=51)

81 primary teeth
(incisors=30,
molars=51)

primary

291 primary molars

133 primary incisors
53 primary molars, 5

primary incisors

100 primary incisors

54 primary molars

96 primary molars

45 primary molars

74 primary incisors

50 primary molars

128 primary teeth

129 primary molars

160 primary molars

Treatment outcome

Overall success rates:
ZOE=65%; KRI paste=84%
Failure rate due to overfilled:
ZOE=59%; KRI paste=21%
Failure rate due to underfilled:
ZOE=17%; KRI paste=14%

At 40.2 months:
Retained ZOE=27.3%

Overall success rate=77.7%

Enamel defect of succedaneous teeth=18.7%
Anterior  cross-bite/palatal  eruption  of
succedaneous incisors=20%

Ectopic eruption of premolars=21.6%
Over-retention=35.8%

Clinical success rate:

RCT=98%; FS=96%

Clinical success rate:

ZOE=100%; FS=78%

Overall success rate:

ZOE=78.5%; Vitapex=100%

Clinical success rates:

RCT=95.6%; FC=86.9%

Radiographic success rates:

RCT=91.3%; FC=76.08%

At 6 months

Clinical and radiographic success rates:
ZOE=48%; Vitapex=78%

At 12 months

Clinical and radiographic success rates:ZOE=85%;
Vitapex=89%

Overall success rate:
RC Fill=84.7%; Endoflas=95.1%; Metapex=90.5%

Overall success rate:
Endoflas=93.3%; ZOE=93.3%; Metapex=100%

Radiographic success rate:
FC pulpotomy=89%; Vitapex pulpectomy=73%

Overall success rate:
Endoflas=100%; ZOE=83%

Radiographic success rates:
CaOH-NaOCl=84%; CaOH-saline=74%
MTA-NaOCI=97%; MTA-saline=100%

Overall success rate:

RC Fill=94%; Vitapex=90%; Pulpdent=97%

At 6 months

Clinical success rate:

MPRCF=100%; ZOE=100%; Vitapex=100%
Radiographic success rate:

MPRCF=100%; ZOE=100%; Vitapex=94.5%
At 12 months

Clinical success rate:

MPRCF=100%; ZOE=100%; Vitapex=80.4%
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Radiographic success rate:

MPRCF=100%; ZOE=100%; Vitapex=60.7%
At 18 months

Clinical success rate:

MPRCF=96.2%; ZOE=92.2%; Vitapex=71.4%
Radiographic success rate:

MPRCF=92.5%; ZOE=88.2%; Vitapex=53.6%
At 12 months

Radiographic success rate:

RCT \8
. o FS+MTA=93%; RCT=79%
Nguyen et al. [147] II;SJPI\;I;I(;Q , 12 and 18 months 172 primary incisors At 18 months
Radiographic success rate:
FS+MTA=90%; RCT=79%
Overall success rate:
Conventional vs Clinical
Sahebalam et al. [181] ES 6 months 50 primary molars ES=90.5%; Conventional=88.9%
Radiographic
ES=85.7%; Conventional=72.2%
Overall success rates:
Clinical
Pandranki et al. [182] Ll U | & @ Ch I gl 24 60 primary molars Endoflas=92%; ZOE=89%
ZOE months . .
Radiographic
Endoflas=72%; ZOE=63%
Opverall success rates:
Maisto- L 3 612 and 18 Clinical
Zacharczuk et al. [183]  Capurro vs 77 46 primary molars Maisto-Capurro=91.5% 3; Mix-MP=87.5%
. months . .
3Mix-MP Radiographic

ZOE-Propolis

RojaRamya et al. [184] 6, 12 and 24 months

vs ZOE
Moura et al. [185] LSTR vs ZOE 3, 6,9 and 12 months
Bresolin et al. [186] GP vs Vitapex 24 months

40 primary molars (ZOE-
Propolis=20, ZOE=20)

88 primary molars

104 primary teeth

Maisto-Capurro=88.3% 3; Mix-MP=82.3%
Overall success rate:

ZOE-Propolis =95%; ZOE=70%

Overall success rate:

LSTR=70.5%; ZOE=72.7%

Overall success rate:

GP=86.8%; Vitapex=78.4%

CaOH=calcium hydroxide, ES=electrosurgical, FS=ferric sulfate, GP=Guedes-Pinto (iodoform-based), LSTR = lesion sterilisation and tissue repair, MTA=mineral
trioxide aggregate, RCT=root canal therapy, ZOE=zinc oxide eugenol

materials (KRI"=21%, ZOE=59%) [173]. Additionally, over-
retention of ZOE particles has not increased the incidence of
enamel defects to the succedaneous tooth; however, there was
20% possibility of change in the path of succedaneous tooth
eruption [171]. Iodoform is introduced as an ingredient in root
canal filling materials because it has shown to offer advantages;
e.g. high success rates, quick resorption from the periapical
tissues, no adverse effects to succedaneous teeth, radiopacity,
maintenance of its consistency over time, and ease of use [174].

New materials, such as Endoflas (a mixture of ZOE, calcium
hydroxide and iodoform), have also gained interest. Clinical and
radiographic success rates of Endoflas and ZOE have revealed
statistically significant differences between the two materials;
however, the follow-up period was short (9 months) [175].
Conversely, comparative studies of Endoflas, ZOE, RC Fill (ZOE-
iodoform), Metapex (calcium hydroxide-iodoform paste), Vitapex
(calcium hydroxide-iodoform paste), and Pulpdent (ZOE-based)

have not shown any statistically significant difference between the
materials [176-178]. Nonetheless, a longer follow-up period, until
the eruption of the succedaneous teeth, has been advocated for
conclusive results [178]. Eighteen-month success rates showed that
Endoflas andZOE ranked first and second, while iodoform was the
lowest [187]. Additionally, a recent meta-analysis has reported
significant treatment success of pulpectomy in teeth with or without
root resorption compared to lesion sterilisation and tissue repair
[187]. According to the latest Cochrane systematic review of pulp
therapy in primary teeth with extensive caries, reviewers have not
found any evidence to support any pulpectomy medicaments and
techniques superior over the other ones [68]. Despite numerous
research being carried out to evaluate materials for pulpectomy,
reviewers have not been able to conclude any superior pulpectomy
medicaments due to the limited number of studies available [188,
189]. Although there is inconclusive evidence, ZOE may be a better
pulpectomy agent than Vitapex [167].

I f] Iranian Endodontic Journal 2023;18(1): 15-40

(@lolEle) This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).



Sanusi et al.

Apart from materials, the success rate of pulpectomy has
also been affected by the techniques employed. Guelmann et
al. [190] verified the advantages of using NaviTip system over
Lentulo spiral and syringe techniques. The findings were
supported by other studies, demonstrating superior results
with NaviTip syringe and Lentulo spiral in relation to the
length of obturation and limiting the amount of extruded
pastes, respectively [191]. Moreover, use of electrosurgery in
pulpectomy is still at its infant stage [192].

Histological studies

Histological studies of root canal treatment in human primary
teeth are inadequate. The early works on the use of calcium
hydroxide in pulpectomy were carried out on primary
premolar teeth of dogs [193]. Clinical, radiographic and
histologic comparisons were made between calcium
hydroxide, ZOE and control groups. Calcium hydroxide
performed significantly better as a root canal obturant
compared to ZOE [193]. Histological investigations revealed
less inflammation and resorption as well as more hard-tissue
apposition in calcium hydroxide-treated canals.

On the contrary, Cleaton-Jones et al. [194] observed
unfavourable histological responses in pulpitis-induced primary
molars of baboons treated with calcium hydroxide compared
with ZOE-treated teeth. Due to a higher prevalence of external
root resorption, bacterial presence and periapical abscess in
calcium hydroxide-treated pulpectomised primary molars, ZOE
was recommended over calcium hydroxide for the treatment of
primary molars with infected pulps in baboons. However, the
results cannot be extrapolated in human because the induced
pulp
inflammation caused by the natural caries process in humans.

pulpitis does not necessarily mimic the actual

Another study compared the reactions of exposed pulp in
primary maxillary incisors based on aetiological factors; i.e.
trauma group, caries group and caries/trauma group. Fewer
inflammatory cells were noted in the root canals of teeth with
exposed pulp due to trauma compared to caries and
caries/trauma. The authors recommended pulpotomy for teeth
with traumatic pulp exposure whereas pulpectomy or extraction
was indicated in caries pulp exposed teeth or caries/traumatic

exposed pulp [195].

Lesion sterilisation and tissue repair

Lesion sterilisation and tissue repair (LSTR) is an endodontic
treatment that employs none or minimal instrumentation
followed by the application of a mixture of broad-spectrum
antibiotics to disinfect root canals [196]. It offers a substitute for
conventional pulpectomy and extractions of primary teeth.

I fj Iranian Endodontic Journal 2023;18(1): 15-40

Following disinfection by sterilisation, lesions caused by root
canal infection undergo repair by the host’s immune response.
The most common drug mixture used in LSTR is the
combination of metronidazole, ciprofloxacin and minocycline
known as “3Mix paste” or “triple antibiotic paste (TAP)”. By
using a combination of antibiotics, the antimicrobial drug
spectrum of each drug completes each other to achieve the best
results of root canal sterilisation [197].

Clinical and radiographic studies

Clinical outcomes of 87 infected primary teeth using TAP
(3Mix-MP/3Mix-sealer) have been studied. The research
showed complete resolution of clinical signs and symptoms in
95.4% (83 out of 87) of treated teeth, whereas the remaining four
had to be retreated with success [198]. In another study,
scientists compared the clinical and radiographic success rates
of two different antibiotic mixtures in 40 necrotic primary teeth
[199]. Twenty teeth were treated with TAP while the other 20
were managed with Other Mix (ciprofloxacin, ornidazole, and
minocycline). The clinical success rates for both groups were
100% at 3- and 6-month follow-ups. The radiographic success
rates at 12-month follow-up were 81% and 92% in 3Mix and
Other Mix treated groups, respectively; however, the difference
was statistically insignificant [199].

A study has compared the root canal filling material used in
conventional pulpectomy with that used in LSTR in 64 primary
molars with irreversible pulpitis in a longer follow-up period.
The clinical success rates of teeth in zinc oxide-ozonated oil,
modified 3Mix-MP paste and Vitapex groups at 18 months were
95.5%, 89.5% and 100%, respectively whereas the radiographic
success rates were 94.4%, 80.95% and 100%, respectively. The
clinical and radiographic success rates were comparable and
statistically insignificant. Thus, modified 3Mix-MP could be
considered an alternative to conventional pulpectomy in
primary teeth [200]. Nevertheless, the indication of LSTR is
limited to non-vital teeth with resorbed roots [187].

Histological studies
To date, no histological studies have been carried out on LSTR.

Conclusions

The current review has highlighted the treatment outcomes of
various pulp therapies in primary dentition based on clinical,
radiographic and histological criteria. Although histological
data on the treatment outcome of pulp therapies in primary
teeth is scanty, existing dental literature has shown high
success rates of pulp therapy in primary teeth.
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Pulp therapies in primary teeth are still practical because
they empirically succeed more often than they fail. The use of
surrogate outcome measures, viz clinical and radiographic
outcomes, has been and is indeed an acceptable and evidence-
based approach amongst clinicians. Future investigations
should address the gaps on the scarcity of histological-based
pulpal studies. However, histological studies are only justified
with the advent of new (bio)materials or novel instruments in
different pulp therapy procedures of primary dentition prior
to their applications in the clinical settings.
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