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Abstract

Background: The selection of an optimal obturating material remains a major challenge in pediatric endodontics because no currently available material fulfills
all the biological and clinical requirements for primary teeth. Objective: This systematic review aimed to evaluate and compare the clinical and radiographic
performance of obturating materials used in primary teeth based on evidence from randomized controlled trials. 1.2. Methods: A systematic search of PubMed,
Scopus, and Web of Science identified randomized clinical trials published between January 2016 and July 2026. Studies comparing different root canal filling
materials in primary teeth were selected according to PRISMA guidelines and predefined PICO criteria. Methodological quality was assessed using the Cochrane
RoB 2 tool.

Results: Eleven randomized clinical trials were included. Conventional materials such as zinc oxide-eugenol (ZOE) and Endoflas demonstrated consistent
clinical and radiographic success. Calcium hydroxide-iodoform formulations showed satisfactory short-term outcomes but less favorable long-term performance
due to rapid resorption. Bioactive materials containing propolis, neem oil, and ozonated olive oil demonstrated promising results, whereas curcumin-based
formulations did not consistently improve treatment outcomes. Overall, no material fulfilled all the characteristics of an ideal obturating material.

Conclusions: Conventional materials remain reliable options for pulpectomy in primary teeth, while bioactive formulations represent promising alternatives.
Further high-quality randomized controlled trials (RCTs) with longer follow-up are needed to establish the long-term effectiveness and biological behavior of
emerging obturating materials.
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For decades, zinc oxide-eugenol (ZOE) has been regarded as the
reference obturating material because of its antimicrobial properties
and satisfactory clinical performance [24-26]. Nevertheless, concerns
regarding its slow resorption and persistence within periapical tissues
have encouraged the development of alternative materials [27-31].
Consequently, several obturating agents have been introduced,
including calcium hydroxide-iodoform formulations such as Vitapex
and Metapex, Endoflas, calcium hydroxide-based pastes, and,
more recently, bioactive and naturally derived materials containing
propolis, neem oil, curcumin, or ozonated olive oil [32-34]. These
newer formulations have been proposed to improve antimicrobial
activity, enhance tissue healing, and provide a more physiological
resorption pattern while maintaining adequate clinical performance
[35-40].

Although numerous randomized controlled trials (RCTs) have
investigated these materials, their findings remain heterogeneous,
and no clear consensus has been reached regarding the optimal
obturating material for primary teeth [41-45]. Differences in study
design, sample characteristics, follow-up duration, and outcome
assessment have contributed to inconsistent conclusions, making it
difficult for clinicians to identify the material offering the best balance
between clinical effectiveness, radiographic healing, and biological
compatibility [46-50]. A schematic overview of the currently
available obturating materials and their main clinical characteristics
is presented in Figure 1 to facilitate understanding of the evidence
summarized in this review.

Obturating Materials in Primary Teeth: Summary of Evidence from Randomized Clinical Trials

MATERIAL CATEGORY MATERIALS
(Exampie

MAIN FNDINGS.
(Examples)

Figure 1: Overview of obturating materials used in primary teeth and a
summary of current evidence from randomized clinical trials. Conventional
materials (ZOE and Endoflas) remain the most reliable options. Calcium hy-
droxide—iodoform formulations show satisfactory short-term performance but
undergo rapid resorption. Bioactive materials demonstrate promising results,
whereas curcumin-based formulations have not shown consistent clinical
advantages.

Objective

Therefore, the aim of this systematic review was to critically
evaluate and compare the available evidence from RCTs investigating
obturating materials used in primary teeth. By analyzing both
conventional and novel formulations, this review sought to assess
their clinical and radiographic performance, identify their respective
advantages and limitations, and provide an updated overview to
support evidence-based decision-making and guide future research
in pediatric endodontics.

Materials & Methods
Protocol and registration

This systematic review was reported in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The review protocol was prospectively
registered in the International Prospective Register of Systematic
Reviews (PROSPERO registration number: CRD420261460266).

Search processing

A systematic electronic search was conducted to identify
randomized clinical trials evaluating endodontic materials used in
primary teeth. PubMed, Scopus, and Web of Science were searched
for studies published between January 2016 and July 2026.

In the advanced search string of the databases, the following
keywords were applied using the Boolean operators to combine terms
pertinent to the study's purpose:

(("pediatric dentistry" OR "paediatric dentistry" OR pediatric*
OR paediatric* OR child* OR "primary teeth" OR "primary tooth"
OR "deciduous teeth" OR "deciduous tooth” OR "primary molars"
OR "primary molar") AND (endodontic* OR "pulp therapy" OR
"vital pulp therapy" OR pulpotom* OR pulpectom* OR "root canal
treatment” OR "root canal therapy") AND ("dental materials" OR
"endodontic materials" OR "pulpotomy materials" OR "root canal
filling materials" OR medicament* OR irrigant* OR cement* OR
sealer* OR bioceramic* OR "mineral trioxide aggregate" OR MTA
OR Biodentine OR "calcium silicate cement" OR "calcium hydroxide"
OR formocresol OR "ferric sulfate” OR "ferric sulphate” OR "zinc
oxide eugenol" OR ZOE OR iodoform OR Vitapex OR Metapex
OR Endoflas) AND ("randomized controlled trial" OR "randomised
controlled trial" OR "randomized clinical trial" OR "randomised
clinical trial" OR random* OR trial*)).

The search strategy was adapted to the syntax and indexing
requirements of each database (Apendix A). The main indicators used
for the database searches are presented in Table 1.

Table 1: Indicators used for the database searches.

Search-strategy

Search indicators
component

», «

“Pediatric dentistry”; “paediatric dentistry”; pediatric*;
paediatric*; child*; “primary teeth”; “primary tooth”;
“deciduous teeth’; “deciduous tooth”; “primary molars”;
“primary molar”

», «

Endodontic*; “pulp therapy”; “vital pulp therapy”;

pulpotom*; pulpectom*; “root canal treatment”; “root

canal therapy”

“Dental materials”; “endodontic materials™; “pulpotomy

», «

materials”; “root canal filling materials”; medicament*;

Population

Endodontic
treatment

irrigant¥; cement*; sealer*; bioceramic*; “mineral
trioxide aggregate”; MTA; Biodentine; “calcium silicate

», «

cement”; “calcium hydroxide”; formocresol; “ferric

Endodontic
materials

sulfate”; “ferric sulphate”; “zinc oxide eugenol”; ZOE;
iodoform; Vitapex; Metapex; Endoflas
“Randomized controlled trial”; “randomised controlled
Study design trial”; “randomized clinical trial”; “randomised clinical
trial”; random*; trial*

OR within each concept; AND between different
Boolean operators

concepts
Timespan January 2016 to July 2026
Language English
Electronic PubMed; Scopus; Web of Science
databases

The reference lists of the included studies and relevant systematic
reviews were also manually screened to identify additional eligible
articles that might not have been retrieved through the electronic
database searches. No restrictions were applied regarding the type
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of endodontic material evaluated. Only studies published in English
were considered eligible.

Inclusion and Exclusion criteria
The eligibility criteria were established according to the PICO

framework and the objectives of the present systematic review.

Studies were considered eligible when they met all the following
inclusion criteria:

1. RCTs or randomized clinical trials;

2. Studies involving pediatric patients with primary teeth
requiring pulpectomy, root canal treatment, or non-
instrumental endodontic treatment;

3. Studies comparing at least two endodontic materials used as
root canal filling materials, obturating pastes, or intracanal
medicaments;

4. Studies reporting clinical, radiographic, postoperative, or
material-related out-comes;

5. Articles published between 1 January 2016 and 14 July 2026;
6. Studies published in English;
7. TFull-text articles available for assessment.

Studies were excluded when they met one or more of the following
criteria:

1. Invitro, ex vivo, animal, laboratory, or microbiological studies
without clinical evaluation;

2. Observational studies, retrospective studies, prospective
non-randomized studies, case reports, case series, narrative
reviews, conference

abstracts, editorials, letters, and expert opinions;

systematic reviews, meta-analyses,

3. Studies involving exclusively permanent teeth;

4. Studies evaluating pulpotomy materials rather than materials
used for root canal treatment;

5. Studies comparing only instrumentation systems, irrigation
techniques, obturation techniques, or methods of material
delivery without comparing different endodontic materials;

6. Studies in which the allocation of participants or teeth was
not randomized;

7. Studies that did not report separate results for primary teeth;

8. Duplicate publications or secondary analyses of the same
study population, unless they reported different follow-up
periods or additional relevant outcomes.

No restrictions were imposed on the type of endodontic material,
the number of treatment sessions, the tooth type, or the duration of
follow-up. Studies with follow-up periods shorter than 12 months were
retained for qualitative analysis but were considered separately from
studies reporting medium- or long-term clinical and radiographic
success.

PICO question

The PICO framework, Population, Intervention, Comparison,
and Outcome was used to formulate the research question and
evaluate the clinical effectiveness of different endodontic materials

used in primary teeth.

In pediatric patients requiring endodontic treatment of primary
teeth (P), do different root canal filling materials or intracanal
medicaments (I), compared with conventional endodontic materials
such as ZOE, calcium hydroxide-iodoform pastes, or other commonly
used materials (C), provide better clinical and radiographic success,
fewer postoperative symptoms and adverse effects, and more favorable
resorption and long-term tooth retention outcomes (O)?

Accordingly, the PICO components were defined as follows:

Population (P): Pediatric patients with primary teeth requiring
pulpectomy, non-instrumental endodontic treatment, or another
form of root canal treatment.

Intervention (I): Endodontic materials used as root canal filling
materials or intracanal medicaments in primary teeth, including zinc
oxide-based materials, calcium hydrox-ide-based pastes, iodoform-
containing pastes, antibiotic pastes, and modified or natural
compounds.

Comparison (C): Conventional or alternative endodontic
materials used for the same clinical indication.

Outcome (O): Clinical and radiographic success, absence of pain,
swelling, sinus tract or pathological mobility, resolution or reduction
of periapical or furcation radiolucency, appropriate resorption of the
material in relation to physiological root resorption, retention of the
treated tooth until normal exfoliation, and occurrence of adverse
events.

Data processing

Three independent reviewers (L.C., D.C. and PN.) assessed the
included studies' quality using selection criteria, methods of outcome
evaluation, and data analysis. This enhanced ‘risk of bias’ tool
additionally provides quality standards for selection, performance,
detection, reporting, and other biases. All differences were settled
through conversation or collaboration with other researchers (G.D.,
ADI and AM.L). The reviewers screened the records according to
the inclusion and exclusion criteria.

Results
Selection and Characteristics of the study

This PRISMA diagram (Figure 2) illustrates a rigorous and
systematic selection process to ensure that only relevant studies were
included in the final review [51]. In total, 1.760 records were identified
through database searching: PubMed (n=749), Scopus (n=847) and
Web of Science (n=164). After the removal of 356 duplicate records,
1.404 records were screened by title and abstract. Of these, 1.244
were excluded for the following reasons: systematic reviews (n=257),
in vitro studies (n=320), studies conducted in permanent dentition
(n=149), and off-topic (n=167). Finally, 11 studies met the inclusion
criteria and were included in the qualitative review. The selection
process and summary of included records are illustrated in Figure 3,
while the characteristics of the selected studies are presented in Table
2.

Quality assessment and Risk of bias of included articles

The methodological quality of the included studies was assessed
by one reviewer (D.C.) using the revised Cochrane Risk of Bias
tool for randomized trials (RoB 2), which evaluates the risk of bias
in estimates of the effect of assignment to an intervention. Any
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of studies via and regit ]

Records identified from:
PubMed: (n = 749)
Scopus: (n = 847)

Web of Science: (n = 164)

Total: ( n=1.760)

Records removed before screening:

Duplicate records removed (n =356)

I

Records screened

(n=1.404)

Reports excluded:

Reason 1: systematic review
(n=257)

Reason 2:in vitro (n = 320)

Reason 3: permanent dentition
(n=149)

Reason 4: Off-topic (n= 667)

Studies included in review

(n=11)

uncertainties were discussed with a senior reviewer (FI.) until
consensus was reached. The assessment included all 11 randomized
clinical trials, as reported in Table 3, and considered five domains: bias
arising from the randomization process (D1), bias due to deviations
from the intended interventions (D2), bias due to missing outcome
data (D3), bias in the measurement of the outcome (D4), and bias
in the selection of the reported result (D5). An overall judgment was
assigned to each study according to the RoB 2 algorithm. The color-
coded system indicates a low risk of bias in green, some concerns
in yellow, and a high risk of bias in red. Overall, five studies were
judged to be at low risk of bias, whereas six studies raised some
concerns. Regarding the randomization process (D1), six studies
were considered at low risk and five raised some concerns, mainly
indicating that the methods used to generate or conceal the allocation
sequence may not have been fully described. A similar distribution
was observed for deviations from the intended interventions (D2),
with six studies rated at low risk and five showing some concerns.
Missing outcome data (D3) was adequately managed in six studies,

Figure 2: PRISMA flowchart.

while five studies raised some concerns regarding losses to follow-up

Table 2: Analysis of the studies included in the discussion section from 2016 to 2026.

Author et al.

Al-Ostwani et
al. (2016) [52]

Chen et al.
(2017) [53]

Pandranki et
al. (2018) [54]

Cassol et al.
(2019) [55]

RojaRamya et
al. (2020) [56]

Patel et al.
(2022) [57]

Bommareddy
et al. (2022)
(58]

Kumar et al.
(2023) [59]

Dalal et al.
(2023) [60]

El-Desouky et
al. (2023) [47]

Khadilkar et al.
(2024) [61]

Study design Participants (Age) Intervention Aim

Randomized
clinical trial

Randomized
controlled trial

Randomized
clinical trial

Double-blind
randomized
controlled trial

Randomized
controlled trial

Randomized
double-blind
split-mouth
clinical trial

Randomized
controlled trial

Randomized
controlled
clinical trial

Randomized
controlled trial

Randomized 90 primary molars;

controlled trial

Double-blind
randomized
clinical trial

Comparison of ZOE,
Metapex, Endoflas-CF and
zinc oxide—propolis. Follow-
up: 12 months.

Comparison of MPRCEF,
ZOE and Vitapex. Follow-
up: 18 months.

39 children (64
primary molars);
3-9 years old

To compare the clinical and
radiographic performance
of four obturating materials.

155 children (160
primary molars);
3-8 years old

To evaluate the long-term
performance of three
obturating materials.

Endoflas versus ZOE.
Follow-up: 24 months.

50 children; 4-9
years old

23 children (27 Iodoform paste versus

teeth); 2-7 years Calen®/zinc oxide paste.

old Follow-up: 12 months.

40 children; 4-8
years old

To compare the effectiveness
of Endoflas and ZOE.

To compare two calcium
hydroxide-based obturating

materials.
To evaluate zinc oxide-

propolis as an obturating
material.

Zinc oxide—-propolis versus
ZOE. Follow-up: 24 months.

24 children (48
molars); 5-7 years
old

To investigate the
effectiveness of a neem-
based obturating material.

Zinc oxide-neem oil versus
ZOE. Follow-up: 12 months.

Comparison of curcumin,
curcumin + calcium
hydroxide, calcium

64 primary
molars; children
with irreversible

To evaluate curcumin-based
obturating materials.

pulpitis hydroxide and Metapex.
Follow-up: 6 months.
36 children (60 Comparison of ZOE, To compare three
molars); 4-9 years ~ Metapex and Endoflas. commonly used obturating
old Follow-up: 9 months. materials.
30 children (30 ZOE versus ZOE + To determine whether
molars); 4-8 years | curcumin. Follow-up: 9 curcumin improves the
old months. performance of ZOE.

Comparison of zinc oxide—
ozonated olive oil, zinc
oxide-olive oil and ZOE.
Follow-up: 12 months.
Comparison of Endoflas,
Metapex and calcium
hydroxide-zinc oxide
mixture. Follow-up: 6
months.

To evaluate ozonated
4-8 years old olive oil as. an alte.rnative
obturating vehicle.
75 primary
mandibular
second molars;
4-8 years old

To compare three widely
used obturating materials.

Main findings
All materials showed similar success; zinc
oxide-propolis demonstrated favorable
biological properties and may represent a
promising alternative.
MPRCF achieved the highest long-term
success, whereas Vitapex showed lower
clinical and radiographic performance

because of rapid resorption.
Both materials were effective; treatment

success depended largely on the quality of
obturation.

Both materials showed high success rates;
Calen®/ZO presented better filling quality.

Zinc oxide-propolis achieved significantly
higher long-term success than ZOE.

The neem-based material showed excellent
clinical and radiographic outcomes and may
represent a promising alternative.

Curcumin-based formulations showed lower
success than Metapex, particularly when
curcumin was used alone.

ZOE and Endoflas demonstrated superior
clinical and radiographic performance

compared with Metapex.
Curcumin did not improve treatment

outcomes and was associated with greater
pathological root resorption.

Ozonated olive oil promoted favorable
radiographic healing and showed promising
clinical outcomes.

All three materials achieved similarly high
short-term clinical and radiographic success.
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or incomplete outcome information. The measurement of outcomes
(D4) was generally reliable, with seven studies rated at low risk and
four presenting some concerns, potentially because assessor blinding
or outcome-evaluation procedures were not always clearly reported.
The selection of the reported result (D5) was the domain with the
most favorable assessment: nine studies were classified as being at low
risk, while only two raised some concerns.

Overall, the findings indicate an acceptable methodological
quality across the evidence included. Nevertheless, the six studies with
yellow indicators in the overall assessment should be interpreted with
greater caution, particularly in relation to randomization procedures,
deviations from the intended interventions, and missing outcome
data (Table 3).

Table 3: A tabular summary of the risk of bias assessment of 11 studies,
evaluated across six domains.

Authors and Year D1 D2 D3 D4 D5 OVERALL

Al-Ostwani et al. (2016) [52] L

Chen et al. (2017) [53]

Pandranki et al. (2018) [54] & & & & &

Cassol et al. (2019) [55]

RojaRamya et al. (2020) [56]

Patel et al. (2022) [57]

Bommareddy et al. (2022) [58]

Kumar et al. (2023) [59]

Dalal el al. (2023) [60] - & - o .

El- Desouky et al. (2023)[47]

w - L w~

Khadilkar et al (2024)[61]

- . e e

D i Judgment:
D1: Bias due to confounding.

D2: Bias ansing from the
measurement of the exposure.
D3: Bias in the selection of
participants in the study (or in
the analysis).

D4: Bias due to post-exposure
interventions.

D5: Bias due to missing data.

High

Some Concerns

© @

Low

@

No Information

Discussion

The selection of an appropriate obturating material remains
one of the most debated aspects of pediatric endodontics. Over
the past decades, numerous materials have been introduced in an
attempt to overcome the limitations of traditional formulations and
to achieve the characteristics of an ideal root canal filling material.
Such a material should combine adequate antimicrobial activity with
excellent biocompatibility, provide a stable seal within the root canal
system, resorb in harmony with physiological root resorption, and
promote periapical healing without interfering with the eruption of
the permanent successor. Despite continuous advances in material
development, no obturating material has yet fulfilled all of these
biological and clinical requirements.

The present systematic review synthesized the available evidence
from RCTs comparing the clinical and radiographic performance
of different obturating materials in primary teeth. Although the
included studies investigated a wide range of conventional, modified,
and bioactive formulations, they evaluated comparable clinical and
radiographic outcomes, allowing an overall assessment of their
effectiveness. The findings suggest that while several materials achieve
satisfactory short-term clinical success, important differences emerge
in terms of radiographic healing, resorption behavior, and long-term

performance. Consequently, the choice of an obturating material
should be based not only on its ability to resolve clinical symptoms but
also on its biological properties and long-term radiographic behavior.

Performance of novel and bioactive obturating materials

The development of novel obturating materials has focused on
improving the biological properties of conventional formulations
while maintaining comparable clinical effectiveness [62-64]. Among
the emerging materials evaluated in the included studies, formulations
containing propolis, neem oil, and ozonated olive oil showed the most
promising results, whereas curcumin-based materials demonstrated
less consistent performance [13,65,66].

The most encouraging findings were reported for propolis-based
materials. Both RojaRamya et al. and Al-Ostwani et al. demonstrated
favorable clinical and radiographic outcomes for zinc oxide—propolis,
with success rates comparable or superior to those of conventional
materials such as ZOE and Endoflas [52,56]. These results may be
explained by the well-documented antimicrobial, anti-inflammatory,
and antioxidant properties of propolis, which could contribute to
improved periapical healing. However, the current evidence is based
on only a limited number of randomized clinical trials, making it
difficult to establish its superiority over conventional obturating
materials [52,56].

Similarly, Patel et al. reported excellent clinical and radiographic
outcomes for zinc oxide mixed with neem oil, while El-Desouky et al.
observed favorable healing following the use of zinc oxide-ozonated
olive oil, particularly in terms of furcation repair and periodontal
ligament healing [47,57]. Although these findings suggest that natural
and bioactive compounds may enhance the biological performance
of obturating materials, further clinical studies with longer follow-up
periods are required before their routine use can be recommended
[47,57].

In contrast, the available evidence does not support the use of
curcumin-based formulations. Both Bommareddy et al. and Dalal et
al. reported inferior outcomes compared with conventional materials,
with higher rates of radiographic failure and pathological root
resorption [58,60]. These findings indicate that the biological activity
of curcumin observed in experimental studies does not necessarily
translate into improved clinical performance when incorporated into
obturating materials [58,60].

Overall, the current evidence suggests that the incorporation
of bioactive compounds alone is insufficient to guarantee superior
clinical outcomes. While propolis-, neem-, and ozonated olive oil-
based materials appear promising, additional high-quality RCTs are
necessary to confirm their long-term effectiveness and biological
behavior before they can be considered reliable alternatives to
conventional obturating materials [67-71].

Performance of novel and bioactive obturating materials

The increasing interest in novel obturating materials has been
driven by the need to overcome some of the limitations associated with
conventional formulations, particularly concerning antimicrobial
activity, biocompatibility, inflammatory response, and resorption
characteristics. In recent years, several randomized clinical trials
have investigated the incorporation of natural products and bioactive
compounds into root canal filling materials, with the aim of improving
both clinical and radiographic outcomes. However, the evidence
emerging from the present review suggests that the performance of
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these materials is heterogeneous and largely dependent on the specific
formulation rather than on the presence of natural or bioactive
components alone.

Among the evaluated materials, propolis-based formulations
demonstrated the most encouraging results. RojaRamya et al. reported
significantly higher long-term clinical and radiographic success
rates for zinc oxide-propolis compared with conventional ZOE,
maintaining favorable outcomes throughout the 24-month follow-
up [56]. Similarly, Al-Ostwani et al. found that zinc oxide-propolis
achieved clinical and radiographic success comparable with ZOE,
Metapex, and chlorophenol-free Endoflas, while exhibiting favorable
biological behavior [52]. The antimicrobial, anti-inflammatory, and
antioxidant properties of propolis may contribute to the reduction
of residual bacterial contamination and promote tissue healing,
providing a biological rationale for these positive findings [52,56].
Nevertheless, although both studies support the potential of propolis-
containing materials, the limited number of available randomized
trials prevents definitive conclusions regarding their superiority over
conventional obturating materials [52,56].

Similarly, herbal-based formulations containing neem oil also
showed promising results. Patel et al. demonstrated that zinc oxide
mixed with neem oil achieved excellent clinical and radiographic
outcomes, with all treated teeth remaining successful after 12 months
[57]. Although the differences compared with ZOE were not substantial,
the experimental material consistently produced numerically higher
success rates. Neem has well-documented antimicrobial and anti-
inflammatory properties, and its incorporation into obturating
materials may enhance antibacterial activity without compromising
biocompatibility [57]. However, these findings originate from a single
randomized trial with a relatively limited sample size, highlighting
the need for further multicenter studies before this material can be
recommended for routine clinical use [57].

Encouraging results were also reported for zinc oxide combined
with ozonated olive oil. El-Desouky et al. observed that the ozonated
formulation promoted greater improvement in furcation radiodensity
and a more pronounced reduction in periodontal ligament widening
than either conventional ZOE or zinc oxide mixed with non-
ozonated olive oil [47]. Ozone is recognized for its antimicrobial
and immunomodulatory effects, while olive oil may improve the
physical characteristics of the paste, potentially explaining the
favorable radiographic healing observed during follow-up [47].
Although the overall clinical success was high across all study groups,
these radiographic findings suggest that ozonated formulations
may positively influence periapical tissue repair. Nevertheless,
confirmation through longer follow-up periods is still required to
determine whether these advantages translate into superior long-term
clinical outcomes [47].

In contrast, curcumin-based materials produced less favorable
and more inconsistent results. Bommareddy et al. reported that
curcumin alone demonstrated the lowest clinical and radiographic
success among the evaluated materials, whereas combining curcumin
with calcium hydroxide partially improved performance but still
failed to achieve the outcomes observed with Metapex [58]. Likewise,
Dalal et al. found that the addition of curcumin powder to ZOE was
associated with increased pathological root resorption and a higher
incidence of interradicular radiolucency compared with conventional
ZOE [60]. These findings suggest that, despite the well-recognized
anti-inflammatory and antimicrobial properties demonstrated by

curcumin in laboratory studies, its incorporation into obturating
materials does not necessarily translate into improved clinical
performance. The discrepancy between experimental evidence and
clinical outcomes may reflect challenges related to material stability,
bioavailability, or interactions with the root canal environment [60].

Overall, the available evidence indicates that the introduction
of bioactive or naturally derived compounds alone is insufficient
to guarantee superior clinical performance. While formulations
containing propolis, neem oil, and ozonated olive oil demonstrated
encouraging results, these findings are currently supported by a
limited number of randomized clinical trials and relatively small study
population [60]. Conversely, curcumin-based materials consistently
failed to outperform conventional obturating materials, emphasizing
that the biological properties of an individual component cannot be
directly translated into clinical effectiveness. Future investigations
should therefore focus not only on identifying novel bioactive
substances but also on optimizing their formulation, physicochemical
stability, and resorption characteristics to ensure predictable long-
term clinical performance [60].

Biological behavior and resorption characteristics of
obturating materials

Besides antimicrobial activity and clinical success, the biological
behavior of an obturating material represents a key determinant of
long-term treatment outcomes. Ideally, the material should maintain
an adequate seal within the root canal system while resorbing at a
rate similar to the physiological resorption of the primary root. Both
premature resorption and excessive persistence may negatively affect
treatment prognosis.

The present review identified material resorption as one of
the main factors differentiating the available obturating materials.
Chen et al. and Kumar et al. consistently reported lower long-term
radiographic success for Vitapex and Metapex, suggesting that rapid
intraradicular resorption may lead to early loss of the canal filling and
compromise the long-term seal of the root canal system. In contrast,
materials such as ZOE and Endoflas generally demonstrated greater
stability and more predictable long-term radiographic outcomes
[53,59].

However, excessive persistence of the obturating material may also
represent a limitation. Al-Ostwani et al. observed that ZOE exhibited
the slowest resorption among the evaluated materials, a characteristic
that has traditionally been considered a potential disadvantage
because residual material may remain after physiological root
resorption. Therefore, the ideal obturating material should achieve
a balance between adequate stability during function and gradual
physiological resorption [52].

Another important finding emerging from the included studies
is that treatment success depends not only on the properties of
the obturating material but also on the quality of the endodontic
procedure. Pandranki et al. demonstrated that overfilled canals were
associated with less favorable outcomes, highlighting the importance
of accurate working length determination and appropriate obturation
techniques. Consequently, material selection and operator technique
should be considered complementary factors influencing treatment
success [54].

Overall, the available evidence suggests that the ideal obturating
material has not yet been identified. Future research should focus on
developing materials capable of combining excellent antimicrobial
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activity, favorable biocompatibility, physiological resorption, and
long-term sealing ability, while maintaining consistent clinical and
radiographic performance over extended follow-up periods.

Conclusions

The findings of this systematic review indicate that several
obturating materials achieve satisfactory clinical and radiographic
outcomes in primary teeth. Conventional materials, particularly
ZOE and Endoflas, continue to provide predictable results, whereas
emerging formulations containing propolis, neem oil, and ozonated
olive oil have shown promising preliminary outcomes. Conversely,
curcumin-based materials did not demonstrate consistent clinical
advantages.

Overall, no obturating material can currently be considered
ideal. Future well-designed RCTs with larger sample sizes and longer
follow-up periods are needed to confirm the long-term effectiveness
and biological behavior of both conventional and novel obturating
materials.
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Apendix A
Advanced query PubMed

(("Pediatric Dentistry"[Mesh] OR "Tooth, Deciduous’[Mesh]
OR "pediatric dentistry" OR "paediatric dentistry" OR pediatric
OR paediatric OR child OR "primary teeth" OR "primary tooth"
OR ‘"deciduous teeth" OR "deciduous tooth" OR "primary
molars” OR "primary molar") AND ("Endodontics'[Mesh] OR
"Pulpotomy"[Mesh] OR "Root Canal Therapy"[Mesh] OR endodontic
OR "pulp therapy" OR 'vital pulp therapy" OR pulpotomy OR
pulpectomy OR "root canal treatment” OR "root canal therapy")
AND ("Dental Materials"[Mesh] OR "Calcium Hydroxide"[Mesh] OR
"Mineral Trioxide Aggregate"[Supplementary Concept] OR "dental
materials" OR "endodontic materials" OR "pulpotomy materials" OR
"root canal filling materials" OR medicament OR irrigant OR cement
OR sealer OR bioceramic OR "mineral trioxide aggregate" OR MTA
OR Biodentine OR "calcium silicate cement” OR "calcium hydroxide"
OR formocresol OR "ferric sulfate" OR "ferric sulphate” OR "zinc
oxide eugenol" OR ZOE OR iodoform OR Vitapex OR Metapex
OR Endoflas) AND (randomized controlled trial[pt] OR controlled

clinical trial[pt] OR random* OR randomised OR randomized OR
randomly OR trial OR placebo));

Advanced query Scopus

TITLE-ABS-KEY ( ( "pediatric dentistry" OR "paediatric
dentistry” OR pediatric* OR paediatric* OR child* OR "primary teeth"
OR "primary tooth" OR "deciduous teeth" OR "deciduous tooth" OR
"primary molars" OR "primary molar" ) AND ( endodontic* OR "pulp
therapy” OR "vital pulp therapy" OR pulpotom* OR pulpectom*
OR "root canal treatment" OR "root canal therapy" ) AND ( "dental
materials" OR "endodontic materials" OR "pulpotomy materials"
OR "root canal filling materials" OR medicament* OR irrigant* OR
cement* OR sealer* OR bioceramic* OR "mineral trioxide aggregate"
OR MTA OR Biodentine OR "calcium silicate cement” OR "calcium
hydroxide" OR formocresol OR "ferric sulfate" OR "ferric sulphate"
OR "zinc oxide eugenol" OR ZOE OR iodoform OR Vitapex OR
Metapex OR Endoflas ) AND ( random* OR trial* OR placebo* OR
"controlled clinical trial” OR "clinical trial" ) );

Advanced query Web of Science

TS=(("pediatric dentistry" OR "paediatric dentistry" OR pediatric
OR paediatric OR child OR "primary teeth” OR "primary tooth" OR
"deciduous teeth” OR "deciduous tooth” OR "primary molars" OR
"primary molar") AND (endodontic OR "pulp therapy" OR "vital
pulp therapy" OR pulpotom OR pulpectom OR (root canal NEAR/2
(treatment OR therapy))) AND ("dental materials" OR "endodontic
materials” OR "pulpotomy materials" OR "root canal filling materials"
OR medicament OR irrigant OR cement OR sealer OR bioceramic
OR "mineral trioxide aggregate" OR "MTA" OR "Biodentine" OR
(calcium NEAR/2 silicate NEAR/2 cement) OR "calcium hydroxide"
OR formocresol OR "ferric sulfate” OR "ferric sulphate” OR "zinc
oxide eugenol” OR "ZOE" OR iodoform OR "Vitapex" OR "Metapex"
OR "Endoflas") AND ("randomized controlled trial" OR "randomised
controlled trial" OR "randomized clinical trial" OR "randomised
clinical trial" OR random OR placebo OR allocat OR trial OR
"controlled clinical trial")).
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