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Abstract

Objective. This randomized controlled trial evaluated postoperative pain (PP), bioceramic extrusion
(BE), and procedure duration (ABVD) in necrotic immature incisors treated with three apical barrier
methods (ABMs): Bioceramic Putty Apical Plug (BPAP), Single Cone with Bioceramic Sealer (SBS),
and Bioceramic Putty—Sealer Mixture (BPSM). Case-related factors influencing these outcomes were
also examined. Methods. Ninety-nine children (8-11 years) with necrotic maxillary incisors and
moderate periapical lesions were randomly assigned (1:1:1) to BPAP, SBS, or BPSM groups.
Standardized protocols included calcium hydroxide dressing and XP-Endo Finisher irrigation. Pain
(VAS) was recorded at 1-, 3-, 7-, and 14-day post-treatment. Extrusion (yes/no) and procedure
duration were documented. Regression analyses identified predictors of outcomes. Results. At day
1, pain was highest in the BPAP group (mean 3.5) and lowest in the SBS group (mean 1.05; p <0.001).
Pain decreased substantially by day 3 and resolved in all groups by day 14. Extrusion was most
frequent in SBS (60.6%) and least frequent in BPAP (21.2%; p = 0.002). Treatment duration was longest
in BPAP (25.8 min) and shortest in SBS (12.6 min; p < 0.001). Regression showed that preoperative
pain and pulpal diagnosis were the strongest predictors of postoperative pain. Apical size and ABM
predicted extrusion, while apical size and child behavior significantly influenced duration.
Conclusions. The apical barrier method had a significant impact on short-term outcomes. SBS offered
reduced pain and shorter chair time but carried a higher risk of extrusion, while BPAP minimized
extrusion but caused more pain and required more extended visits. Clinical selection should balance
patient comfort, apical anatomy, behavior, and operator expertise. Longer-term outcomes on
periapical healing remain to be evaluated.

Keywords: apical barrier; BioCeramic; Bioceramic extrusion; postoperative pain; treatment duration

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.2069.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2025 d0i:10.20944/preprints202509.2069.v1

2 of 19

1. Introduction

Dental trauma remains a prevalent issue among children and young adults, with an estimated
25% of school-age children and 33% of adults experiencing trauma to permanent teeth [1]. While
these injuries can generally be managed, immature permanent teeth are especially susceptible to
complications if treatment is delayed or inadequate, leading to pulp necrosis [2]. Addressing these
challenges in immature anterior teeth requires a nuanced approach that balances aesthetics, function,
and effective management of the root canal system [3]. Notably, the child's behaviour may influence
the immediate management of the immature teeth and the long-term treatment outcomes. This fact
underscores the importance of considering the child's behaviour as an additional challenge in the
endodontic management of immature teeth [4, 5].

Apical barrier treatment with calcium silicate cement apical plugs has proven to be an effective
treatment for necrotic immature permanent teeth, particularly when root development aligns with
stages 2 to 4 of Cvek’s classification [6].

MTA has served as the gold standard for apical plugs in apexification treatments, demonstrating
high radiographic success rates and yielding good clinical and histological outcomes [7, 8]. However,
MTA has limitations, including tooth discoloration, a prolonged setting time, and handling
challenges [9].

Recent advancements have led to the introduction of new calcium silicate-based materials with
enhanced composition, handling characteristics, viscosity, and faster setting times, including
Biodentine, BioAggregate, and BioCeramics [9].

BioCeramics, a more recent class of hydraulic calcium silicate cements [10], can effectively
penetrate dentinal tubules, creating a tight seal while promoting biocompatibility and minimizing
inflammation [11, 12]. These materials also exhibit antibacterial properties, offering a less invasive
treatment option that reduces the need for multiple visits [13-16]. These materials are available in
different viscosities, including TotalFill BioCeramic Sealer, RRM Paste, RRM Putty, and Fast Putty
[17]. The viscosity raises the question of how these materials are utilized in apical barrier treatments
and how the application method of the apical plug influences clinical treatment outcomes.

Several factors have been identified as influencing postoperative pain in closed apices teeth,
including preoperative pain, obturation technique, the extent of apical enlargement, and the
extrusion of obturation materials [18]. Moreover, it is well established that the use of calcium silicate—
based sealers results in less postoperative pain compared to other types of sealers in mature teeth
with closed apices [19]. However, the impact of these factors on permanent teeth with open apices
remains unknown. Moreover, the use of calcium silicate-based sealers is not yet considered a
common practice in the management of immature teeth with open apices, according to recently
published literature.

In the case of immature permanent teeth indicated for apical barrier treatment, additional apical
enlargement is typically not performed. Instead, a conservative preparation of the coronal and
middle thirds is carried out to eliminate the reverse taper, thereby facilitating access to the apical
third with instruments and irrigation solutions [7]. However, the impact of apex size on the intensity
of postoperative pain has not been previously evaluated in studies involving immature teeth.

Notably, the extrusion of obturation materials has been commonly reported in numerous case
reports during the treatment of open apices with apical barriers [20, 21]. However, no precise studies
have been found that correlate the extent of apical width with the extrusion of biomaterials.
Moreover, the extrusion of obturation materials has been correlated with postoperative pain and
obturation techniques in several recent systematic reviews focusing on endodontic treatment of
closed apical teeth [22, 23]. However, no studies have specifically addressed these aspects in teeth
with open apices.

Children are more susceptible to dental fatigue during prolonged treatment periods associated
with traumatic dental injuries [24]. However, the impact of apical barrier treatment visit duration on
clinical outcomes remains largely unexplored. Additionally, it is unclear whether this factor is
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influenced by the obturation technique used or by patient- and tooth-specific factors, such as those
proposed previously [25].

This trial directly compared three distinct application methods and also investigated patient-
related factors such as behavior, apical size, and preoperative pain, which may impact treatment
outcomes. The null hypothesis (A) stated that the three apical barrier methods were equivalent in
terms of postoperative pain. The null hypothesis (B) assumed that the methods would be comparable
in terms of the incidence of bioceramic extrusion. Finally, the null hypothesis (C) proposed that the
methods would not differ in terms of procedure duration.

2. Materials and Methods

2.1. Study design, settings, and ethical approval

This randomized, single-center, single-blinded, controlled trial (RCT) employed a three-arm
parallel superiority design with a 1:1:1 allocation ratio. This study was conducted from October 2023
to February 2025 at the Pediatric Dentistry Department, Faculty of Dentistry, Damascus University,
Damascus, Syria. This study was conducted in accordance with the ethical principles outlined in the
Declaration of Helsinki. The research project was ethically approved by Damascus University
(approval number: UDDS-361-13032023/SRC-2654). The project was funded by Damascus University
(Funder No. 501100020595) and was registered in the ClinicalTrials.gov registry under ID number
NCT06119477 on October 22, 2023. This RCT has been written in accordance with the CONSORT 2010
guidelines (26).

2.2. Sample size calculation

The sample size was calculated using G* Power 3.1.9.4 (Heinrich-Heine-Universitat, Diisseldorf,
Germany). It was estimated, based on a previous RCT [27], that the clinical outcomes of apexification
and regenerative procedures in managing necrotic immature teeth were compared. A minimum total
sample size of 99 teeth (33 in each group) was sufficient for a significance level of 0.05, power of 85%,
and 0.34 as effect size f.

2.3. Recruitment and eligibility criteria

Three hundred patients aged between 8 and 11 years were referred to the Department of
Pediatric Dentistry to manage necrotic maxillary anterior immature teeth during the study period.
The principal investigator (Y.A.T.) examined the patients and identified those with at least one or
more necrotic immature maxillary incisors (central or lateral) presenting with medium-sized
periapical lesions (3-5 mm?) and apical periodontitis, corresponding to the fourth category of the
Periapical Index classification (28) and incisors classified between stages 2 and 4 according to Cvek’s
classification with an apical canal diameter of #80 or larger. Preoperative periapical radiographs of
the included incisor were taken using the paralleling technique by a digital dental X-ray unit
(Hyperlight; Eighteeth, Changzhou, China), which was set at 65kVp, 2.5 mA, and 0.20 s, and a digital
sensor (#1.5 EzSensor Classic; Vatech, Gyeonggi-do, Korea). These periapical radiographs were taken
to assess incisor anatomy, periapical lesion size using Image] software, apex width, and the cause of
periapical lesion to determine the included incisors. Patients were considered unsuitable for inclusion
if their parents refused participation, if they had heart diseases, immunosuppression, diabetes, or
lidocaine sensitivity, or if they exhibited absolutely negative behavior according to the Frankl scale.
Incisors were also excluded if they were unsuitable for pulp therapy (non-restorable, had root
fractures, or showed severe internal or external resorption), had sever canal curvature (>30 degree),
had severe periodontal disease with more than 5 mm of supporting tissue and bone loss, had
unsuccessful previous endodontic treatment, or were associated with facial swelling or extraoral
cellulitis [29, 30].
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Therefore, ninety-nine patients were included in the current research. All children participating
in the study had their parents sign an informed consent form after being informed about the trial's
details and its therapeutic aspects.

2.4. Randomization:

With a 1:1:1 allocation ratio, computer-generated random numbers were used to perform the
randomization. The allocation sequence was concealed in numbered, opaque, and sealed envelopes
that were opened before the commencement of treatment. The sample was randomly allocated into
three groups according to the BioCermic apical Barrier method used (BPAP, SCB, or BPSM). Thus,
patients were assigned to three groups: Group 1 (BPAP = 33 samples), Group 2 (SCB = 33 samples),
and Group 3 (BPSM = 33 samples). If the patient had multiple affected maxillary incisors, treatment
was initiated with the tooth responsible for the chief complaint (31). In cases where none of the
involved teeth exhibited symptoms, priority was determined through a simple lottery using sealed
papers. The child would select a paper with the number of the tooth to be treated first. A 7-day
interval was maintained between the treatment of each tooth to prevent pain from one tooth from
influencing the other [32].

2.5. Blinding:

A double-blinded approach was adopted in the current study, as it was an interventional study;
the treating clinician (Y.A.T.) could not be blinded regarding the apical barrier method used to treat
the immature necrotic incisors. However, the involved patients and the outcome assessors were
blinded entirely.

2.6. Clinical procedure:

2.6.1. Initial Treatment Visit:

In a Dedicated Patient Form (DPF), the patient's gender, age, cause of pulp necrosis (fracture
injuries, avulsion injuries, caries, recurrent caries, or traumatic orthodontic forces), periapical
diagnosis (symptomatic or asymptomatic periodontitis), and preoperative pain level according to the
Visual Analog Scale (VAS), pathological mobility, swelling, and fistulas were recorded.

Under buccal and lingual infiltration anesthesia (Huons Lidocaine HCL, Seoul, Korea) using one
carpule “1.8 mL of 2% lidocaine with epinephrine (1:100,000) and rubber dam (Sanctuary, Perak,
Malaysia) isolation, all caries and/or previous restorations were removed. Then, the traditional access
cavity was refined using an Endo-Z bur (Dentsply Maillefer, Tulsa, Oklahoma, USA). The canal
orifice was prepared gently using an orifice opener file (Orodeka Ltd., Xincheng, Jining, China). The
working length (WL) was determined radiographically using an appropriate K-file, set 1 mm shorter
than the radiographic apex, and recorded as a reference in the DPF. Afterward, gradually larger K-
file sizes were inserted into the canal until the treating clinician felt the first file to bind (FFB) at the
WL, and the next size was noted not to reach that position, where the FFB was recorded as a reference
in the DPF of the apex diameter (33). Afterwards, shaping and debridement of the root canals was
achieved by gentle instrumentation with Plex V ORODEKA rotary files (Orodeka Ltd., Xincheng,
Jining, China) up to size 25/06 or 35/06 according to the initial canal width of the included teeth (34).
The canal was irrigated with 5 mL of 5.25% NaOCI (Merck, Darmstadt, Germany) (20 mL of 5.25%
NaOCl in total). Subsequently, canals were dried using sterile paper points (Gabadent, Guangdong,
China) and filled with calcium hydroxide dressing (CHD) (Alfares, Damascus, Syria) after mixing
with sterile saline solution in a volume ratio (1:1) using a lentulo spiral (Mani, Inc., Tochigi, Japan)
mounted on a low-speed handpiece. Finally, the incisor was temporarily restored with a glass-
ionomer-based restoration (Medifil; Promedica Dental Material Company, GmbH, Neumunster,
Germany).

2.6.2. Bioceramic Apical Barrier (BAB) Visit/Visits:
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After 14 days, patients were asked to rate their pain again before the apical barrier procedures,
reflecting the average pain level experienced during the calcium hydroxide dressing period, as
measured using the VAS. Additionally, the presence of pathological mobility, swelling, and fistulas
was re-evaluated and recorded in the DPF.

The targeted incisor was anesthetized and isolated again, then the temporary filling and CHD
were removed. As final irrigation, all canals were filled with 5.25% NaOC]l, and then the XP-Endo
Finisher file (FKG Dentair, La Chaux-de-Fonds, Switzerland) was inserted 2 mm shorter than the
working length at the centre of the canal and operated at a speed of 800 rpm and a torque of 1 N-cm.
Then, it was passed through the entire perimeter of the canal wall to ensure that it was touching
larger areas of the root walls and removing the remaining necrotic pulp and CDH debris. The irrigant
was activated for 30 seconds (2 mL at a time), which was repeated until 20 mL of 5.25% NaOCl was
achieved within a total of 5 minutes. Subsequently, the canals were irrigated with 5 mL of normal
saline, then filled with 2 mL of 17% ethylenediaminetetraacetic acid solution (Dentsply Tulsa Dental,
Tulsa, OK, USA), which was activated with the XP-Endo Finisher file for 15 seconds. The procedure
was repeated twice (34). Afterward, the canals were irrigated with 5 mL of normal saline, 5 mL of
5.25% NaOCl, and then dried using sterile paper points.

It is noteworthy that, during irrigant replacement —whether in the initial treatment visit or in
the BAB visit—a side-vented irrigation needle (30-gauge) (Sybron Endo, Crop, Orange, CA, USA)
was used and positioned 3 mm short of the working length. In addition, a suction needle (22-gauge)
was placed 1 mm short of the working length and connected to the chair-mounted surgical suction.
This procedure was employed to prevent irrigant extrusion beyond the open apex, as illustrated in
Figure 1.

Figure 1. Irrigation procedure used in the present study. Two needles were used: a fine needle to deliver the
irrigant to the apical third, and a wider needle positioned closer to the apex to aspirate the irrigant and evacuate
it through the chair-mounted surgical suction system.

Samples were then divided into three groups according to the BioCeramic apical barrier method
used. Each method was assigned a specific code and recorded in the patient's DPF to maintain the
assessor's blinding.

2.6.3. Bioceramic Putty Apical Plugs (BPAP) group:

A radiograph was first taken with the hand plugger to ensure that it reached 4 mm short of the
radiographic apex, as specified by the WL. The BioCeramic Putty (BP) (TotalFill® BC RRM™, FKG
Dentaire, Le Crét-du-Locle, Switzerland) was applied to the apical 4 mm of the canal using a modified
cannula [35], with placement adapted using a hand plugger and confirmed radiographically. Any BE
was recorded at this stage in the DPF. The incisors were then temporized with a cotton pellet and
glass ionomer filling. The following day, after isolation and removal of the temporary filling and
cotton pellet, the remaining canal space was obturated with gutta-percha and BioCeramic Sealer (BS)
(TotalFill® BC Sealer™, FKG Dentaire, Le Crét-du-Locle, Switzerland) using the cold lateral
condensation technique. A periapical radiograph confirmed that the canal was obturated without
voids or gaps. Figure 2 illustrates the steps of the procedure in the BPAP group.
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Figure 2. Sequential steps of the procedure in the BPAP group: A- Preoperative periapical radiograph, B-
Working length radiograph, C- Plugger fit, D- Apical plug formation, E- Postoperative radiograph.

2.6.4. Single Cone Gutta-percha with BioCeramic Sealer (SBS) group:

A large-sized (#80, taper of 2%) gutta-percha cone (GC) was inserted. The GC was trimmed to
fit the canal width as closely as possible without exceeding the WL. The GC was ensured to make
tag-back with the apical third of the immature canal and confirmed with a periapical radiograph.
Afterward, it was removed, and the immature canal was gently obturated with BS with an adequate
amount, and the GC was inserted again, and another apical radiograph was taken to confirm that the
canal was properly filled without gaps and voids. Any BE was recorded at this stage in the DPF.
Figure 3 illustrates the steps of the procedure in the SBS group.

’
W

Figure 3. Sequential steps of the procedure in the SBS group: A- Preoperative periapical radiograph, B-
Working length radiograph, C- Cone fit, and D- Postoperative radiograph.

2.6.5. BioCeramic Putty and Sealer Mixture (BPSM) group:

A radiograph was first taken with the hand plugger to ensure that it reached 4 mm short of the
radiographic apex, as specified by the WL. The immature canal was gently filled with BC. Then, 3 to
5 small pellets (1 mm diameter) of BP were inserted into the canal orifice using a modified cannula
[35] and gently plugged with hand pluggers. Finally, an apical radiograph was taken to confirm that
the canal was properly filled with a 4 mm BioCeramic apical plug without gaps and voids. Any BE
was recorded at this stage in the DPF. The incisors were then temporized with a cotton pellet and
glass ionomer filling. The following day, after isolation and removal of the temporary filling and
cotton pellet, the remaining canal space was obturated with gutta-percha and BS using the cold lateral
condensation technique. A periapical radiograph confirmed that the canal was obturated without
voids or gaps. Figure 4 illustrates the steps of the procedure in the BPSM group.
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Figure 4. Sequential steps of the procedure in the BPSM group: A- Preoperative periapical radiograph, B-
Working length radiograph, C- Plugger fit, D- Apical plug formation, E- Postoperative radiograph.

Within each group, a digital timer (Simex, Persiceto, BO, Italy) was used for each sample to
calculate the time needed to form a good canal obturation (without the final restoration), including
the two apical barrier visits in the BPAP and BPSM groups and the single apical barrier visit in the
SBS group. The required time in minutes was recorded in the DPF.

All Samples within all groups received a suitable final restoration, varying from a resin-bonded
restoration to a coronal-radicular restoration, according to the coronal tissue loss.

An external observer, who was not involved in the study, was asked to assess the child's
behavior during all treatment sessions. A single average score was recorded based on the single
treatment visit in the SBS group and the full two treatment visits in the BPSM and BPAP groups. The
assessment was documented in the DPF according to the Frankl Behavior Rating Scale.

2.7. Clinical Follow-up Periods:

Patients were followed up at 1-, 3-, 7-, and 14-day post-treatment and were asked to assess their
pain using the VAS. Children indicated their pain levels by marking a point along a 10 cm continuous
scale, with endpoints representing no pain and unbearable pain (36). The pain reported by the patient
during each follow-up period was recorded in the DPF.

2.8. Outcomes Measurements:

2.8.1. The Primary Outcomes Measurements:

The DPFs of all patients were reviewed, and the following variables were measured to determine
the effect of the three apical barrier methods (BPAP, SBS, and BPSM) on:

Postoperative pain at 1, 3, 7, and 14 days after treatment using VAS.

Presence or absence of BE at the end of the BAB treatment.

Apical barrier visit/visits duration in minutes, represented by a single BAB visit in the SBS group
and both visits combined in the BPAP and BPSM groups.

2.8.2. The Secondary Outcomes Measurements:

2.8.2.1 Investigating Factors Affecting Postoperative Pain:

The study examines how various factors—including the child's age, gender, behavior during
treatment, apical size, working length, preoperative pain, BE, and treatment duration—along with
the bioceramic apical barrier method, influence postoperative pain at different follow-up intervals (1,
3,7, and 14 days).

2.8.2.2. Assessing Factors Influencing BioCeramic Extrusion (BE):

The study evaluates the impact of child behavior, apical size, working length, treatment
duration, and the bioceramic apical barrier method on the likelihood of material extrusion.
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2.8.2.3. Analyzing Factors Affecting Apical Barrier Visit Duration:

The study examines the impact of child behavior, apical size, working length, and the selected
bioceramic apical barrier method on the total treatment time.

2.9. Statistical Analysis:

The collected data were tabulated and analyzed using SPSS software (Version 20, IBM SPSS Inc.,
Chicago, IL, USA). The Kolmogorov-Smirnov test was used to evaluate whether the quantitative
measurements showed a normal distribution. Therefore, comparisons between groups regarding
postoperative pain (with an abnormal distribution) were performed using the Kruskal-Wallis test,
and pairwise comparisons were made using the Mann-Whitney U test. The comparison between
groups regarding BE (abnormal distribution) was performed using the Chi-square test. The
comparison between groups regarding treatment duration (normal distribution) was performed
using the One-way ANOVA test, and the pairwise comparisons were performed using the LSD test.
Spearman, Mann-Whitney U, and Kruskal-Wallis tests were employed to evaluate the associations
among the studied factors and their relationships with the target variables, in accordance with the
nature of both dependent and independent variables. Logistic regression was used to identify factors
influencing material extrusion. In contrast, multiple linear regression analysis was used to assess the
factors influencing post-treatment pain at various time points (1, 3, 7, and 14 days) and the total
treatment duration. The level of significance was set at 0.05.

3. Results

3.1. Descriptive demographic characteristics of the study sample

The study sample consisted of 99 immature permanent maxillary incisors with pulp necrosis,
comprising 59 maxillary incisors in boys and 40 in girls. The overall number of participants was 40
boys and 29 girls. Figure 5 illustrates the flow chart of the study.

COSORT 2010 Flowchart

Arssseed xSy 0150 ) bl e mud:gx :‘:":uﬂ: :—512-13 (n=50)

Declined to participate (n=1)
Other reasons (n= 0!

4_I

Randomized (n=99)

Enrollment Allocated to BPAP group (n=33) Allocated to SBS group (n=33)

Did not receive aflocated intervention
(n-0)

U
I

e e e p Dt el o
(=0}

Allocation Received allocated Diode laser in LLLT group (n=33) Received allocated Diode laser as an IAS group (n=33)

Received allocated No laser application group (n=33)

ko eeelmes el

Analysis Allocated BPAP group analysed (n=33) Allocated SBS group analysed (n=33)

Excluded from the analysis (n= 0) Excluded from the analysis (n=0)
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xcluded from the analysis
Postoperative BioCeramic Apical barrier
pain extrusion Visit/visits
duration

Figure 5. The study flowchart.
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Table 1 summarizes the distribution of patients among study groups according to continuous
variables: age, working length, apex diameter, preoperative pain level, and pain level before the
apical barrier procedure.

Table 1. Descriptive demographic characteristics of the continuous variables among the study groups.

Sample Mean +
Variables Group Standard Range F-value *p-value
Number e
Deviation
BPAP 33 9.75 +1.517 7-13
. SBS 33 9.70 + 1.559 7-12 2.823 0.068
Children Age BPSM 33 10.70 = 1.418 813
Total 99 10.05 + 1.545 7-13 - -
BPAP 33 21.57 +1.695 19-25
. SBS 33 21.20+2.214 16-26 2.528 0.089
Working Length =557 33 20.05 + 2.684 16-26
Total 99 20.94 +2.292 16-26 - -
BPAP 33 1.18 + 0.362 0.80-1.90
gl e SBS 33 1.00 £ 0.171 0.80-1.40 1.822 0.171
BPSM 33 1.21 +0.530 0.70-2.50
Total 99 1.13 +0.389 0.70-2.50 - -
BPAP 33 3.10 +3.007 0-8
Preoperative Pain SBS 33 3.95+2.946 0-9 1.700 0.192
Level BPSM 33 2.25+2.789 0-8
Total 99 3.10 £2.950 0-9 - -
. BPAP 33 1.45 +1.572 0-5
Agf‘:; ;Zfroézr SBS 33 2.25 +2.447 0-7 1.039 0.36
BPSM 33 1.40 +2.162 0-8
Procedure Level
Total 99 1.70 + 2.094 0-8 - -

BPAP: BioCeramic Putty Apical Plug.; SBS: Single Cone Gutta-percha with BioCeramic Sealer.; BPSM:
BioCeramic Putty and Sealer Mixture.; * One-way ANOVA test.

Table 2 summarizes the distribution of patients among study groups according to categorical
variables: gender, children's behavior, cause of pulp necrosis, and periapical diagnosis.

Table 2. Descriptive demographic characteristics of the categorial variables among the study groups.

) Group Chi-Square
Variable BPAP SBS BPSM Value p-value
Boys 19 19 21
Gender Girls 14 14 T 1.050 0.592
Child Negative 10 8 8
Behav'lour P0.51t.1ve 9 12 12 0.600 0.963
According to Definitely 10 9 9
Frankel Positive
Fracture 18 15 19
Injuries
Avulsion Injuries 3 5 3
Pulp Cari 8 9 7
Necrosis ares 1.6387 0.99
Recurrent Caries 4 4 3
Cause :
Traumatic
Orthodontic 0 0 1
Forces
iapi S t ti 13 10 9
P(?l‘laplCé.ll ymptoma 1.c 1.201 0.55
Diagnosis  Asymptomatic 20 23 24
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BPAP: BioCeramic Putty Apical Plug.; SBS: Single Cone Gutta-percha with BioCeramic Sealer. BPSM:
BioCeramic Putty and Sealer Mixture. * Chi-square test.

As shown in the two previous tables, all uncontrolled variables in the study were randomly
distributed across the three groups, with no significant differences in any of the variables (p < 0.05),
indicating that randomization was effectively achieved. Nevertheless, these variables will be
analyzed separately to assess their potential influence on the study's primary outcomes, namely
postoperative pain, BE rate, and the apical barrier visit duration.

3.2. Analysis of Postoperative Pain and Contributing Factors Across Study Groups
Table 3 presents the comparative results of postoperative pain among the study groups in all

time intervals.

Table 3. Descriptive statistics of postoperative pain according to the adopted apical barrier method and the
significance of the difference among the groups.

Time intervals BPAP SBS BPSM *p-value
Mean 3.5 1.05 2.2
One-day —
. . Standard Deviation 1.40 1.28 1.51 <0.0017
Postoperative Pain
Range 0-6 0-3 0-5
Th d Mean 0.6 0.1 0.35
Posto :::t'ivaeypain Standard Deviation 0.82 0.31 0.88 0.058
P Range 02 0-1 0-3
o " Mean 0 0 0.05
Ne"WEeX Standard Deviation 0.00 0.00 0.22 0.368
Postoperative Pain
Range 0 0 0-1
T K Mean 0 0 0.00
WOTWEEX Standard Deviation 0.00 0.00 0.00 1.000
Postoperative Pain
Range 0 0 0

BPAP: BioCeramic Putty Apical Plug. SBS: Single Cone Gutta-percha with BioCeramic Sealer. BPSM: BioCeramic
Putty and Sealer Mixture. *: Kruskal-Wallis test. *: Significant at the 0.05 level.

The Kruskal-Wallis test revealed statistically significant differences in postoperative pain
among the three study groups (BPAP, SBS, and BPSM) only on the first day following treatment.
Notably, none of the samples in any of the groups reported any postoperative pain two weeks after
treatment.

Table 4 presents the results of pairwise comparisons between the study groups on the one-day
postoperative pain.

Table 4. The pairwise comparisons between the study groups regarding pain intensity on the first postoperative

day.
95% Confidence Interval for
Group Mean difference Difference *p-value
Lower Upper
SBS VS BPAP -2.45 -3.54 -1.36 0.000"
SBS VS BPSM -1.15 -2.03 -0.06 0.035"
BPAP VS BPSM 1.30 0.21 2.39 0.014"

BPAP: BioCeramic Putty Apical Plug. SBS: Single Cone Gutta-percha with BioCeramic Sealer. BPSM: BioCeramic
Putty and Sealer Mixture. *: Bonferroni test. *: Significant at the 0.05 level.

One-day postoperative pain severity among the groups can be summarized as SBS < PPSM <
BPAP.

For the one-day postoperative pain, the Spearman test indicated a negative correlation but not
significant regarding age (r = -0.146, p = 0.147), positive significant correlation regarding pain before
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apical barrier procedure level (r = 0.418, p < 0.001), positive but not significant correlation regarding
working length (r =0.173, p = 0.085), positive but not significant correlation regarding apical size (r =
0.035, p = 0.727), positive significant correlation regarding apical barrier visit duration (r = 0.498, p <
0.001). Moreover, the Mann-Whitney test indicated no effects regarding gender (boys/girls) (p =
0.361), no effect regarding BE (BioCeramic was extruded/BioCeramic was not extruded) (p = 0.954),
and a significant effect of pulpal diagnosis (symptomatic/asymptomatic) (p = 0.002). Finally, the
Kruskal-Wallis test revealed no significant effects on child behavior (p = 0.843) or the cause of pulp
necrosis (p = 0.130) on one-day postoperative pain.

Table 5 presents the linear regression results to identify the factor most influencing one-day
postoperative pain among the following variables: apical barrier method, pain before the apical
barrier procedure, periapical diagnosis, and apical barrier duration.

Table 5. Linear regression coefficients for the analysis of factors influencing the one-day postoperative pain. .

95%
8 Standard Confidence Variaflce
Factor .. Interval for p-value® Inflation
(Coefficient)  Error .
Difference Factor
Lower Upper
One-d Apical barrier method 0.242 0.100  -0.014 0.390 0.017  1.095
Post;‘e'er:zve Periapical diagnosis 1.083 0292 -1522 0734 <0001 1.087
Pl;in Pain before apical barrier procedure 1.066 0.212 -0.053 0.286 <0.001  1.055
Apical barrier visit duration 0.108 0.018 0.069 0.136 <0.001 1.156

a Multiple Linear Regression Analysis. * Significant difference.

For the three-day postoperative pain, the Spearman test indicated a positive correlation but not
significant regarding age (r = 0.526, p = 0.147), positive significant correlation regarding the one day
postoperative pain level (r = 0.487, p < 0.001), negative but not significant correlation regarding
working length (r =-0.012, p = 0.903), negative but not significant correlation regarding apical size (r
=-0.086, p = 0.393), positive significant correlation regarding apical barrier visit duration (r = 0.241, p
= 0.016). Moreover, the Mann-Whitney test indicated no effects regarding gender (boys/girls) (p =
0.699), no effect regarding BE (BioCeramic was extruded/BioCeramic was not extruded) (p = 0.721),
and a significant effect of pulpal diagnosis (symptomatic/asymptomatic) (p = 0.011). Finally, the
Kruskal-Wallis test revealed no significant effects on child behavior (p = 0.564) or the cause of pulp
necrosis (p = 0.470) on three-day postoperative pain.

Table 6 presents the linear regression results to identify the factor most influencing three-day
postoperative pain among the following variables: apical barrier method, presence of one-day
postoperative pain, periapical diagnosis, and apical barrier duration.

Table 6. Linear regression coefficients for the analysis of factors influencing the three-day postoperative pain.

95% Confidence

Factor B Standard Interval for alue ;:lfll‘:i?:z
-V, a
(Coefficient)  Error Difference P
Factor
Lower Lower
Three-d Apical barrier method 0.123 0.058 0.002 0.227  0.036* 1.095
ree-day Pulpal diagnosis 0.339 0168  -0.690 0569 0.047*  1.087
Postoperative - -
Pain One-day Postoperative Pain ~ 0.300 0.12 -0.042 0.148  0.033* 1.064
Apical barrier visit duration 0.027 0.01 0.003 0.041 0.008* 1.156

a Multiple Linear Regression Analysis. * Significant difference.

For the one-week postoperative pain, the Spearman test indicated a positive correlation but not
significant regarding age (r=0.008, p=0.937), positive but not significant correlation regarding the
three-day postoperative pain level (r = 0.0122, p = 0.876), positive but not significant correlation
regarding working length (r = 0.134, p = 0.183), negative but not significant correlation regarding
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apical size (r =-0.068, p = 0.504), positive but not significant correlation regarding apical barrier visit
duration (r=0.027, p = 0.786). Moreover, the Mann-Whitney test indicated no effects regarding gender
(boys/girls) (p=0.549), no effect regarding BE (BioCeramic was extruded/BioCeramic was not
extruded) (p = 0.807), and no effect of pulpal diagnosis (symptomatic/asymptomatic) (p = 0.71).
Finally, the Kruskal-Wallis test revealed no significant effects on child behavior (p = 0.528) or the
cause of pulp necrosis (p = 0.838) on one-week postoperative pain.

One week postoperatively, the multiple linear regression analysis revealed that the only factor
influencing pain intensity was the use of the apical barrier method (3 = 0.054, CI: 0.002-0.093, p =
0.021).

3.3. Analysis of BioCeramic Extrusion and Contributing Factors Across Study Groups
Table 7 presents the comparison results between the study groups regarding the BE according

to the evaluated teeth.

Table 7. The descriptive statistics of BioCeramic extrusion according to the evaluated teeth in each study group,

along with the statistical significance of differences between the groups.

Group No BE BE *p-value
Count 26 7
BPAP
Percentage 78.79% 21.21%
Count 13 20
SBS 0.002"
Percentage 39.40% 60.60%
Count 15 18
BPSM
S Percentage 45.45% 54.55%

BPAP: BioCeramic Putty Apical Plug. SBS: Single Cone Gutta-percha with BioCeramic Sealer. BPSM: BioCeramic
Putty and Sealer Mixture. BE: BioCeramic extrusion. *: Chi-Square test. ”: Significant at the 0.05 level.

The chi-square test showed a significant difference between the groups (p = 0.002). Pairwise
comparisons using Fisher's Exact Test were conducted to assess differences in the presence of BE
among the three study groups. A statistically significant difference was found between the BPAP and
SBS groups (p = 0.001), indicating a higher incidence of BE in the SBS group. However, no significant
difference was detected between the BPAP and BPSM groups (p = 0.287). The comparison between
the SBS and BPSM groups approached statistical significance but did not reach it (p = 0.080). BE
among the groups can be summarized as SBS - PPSM > BPAP.

For the BE, the Mann-Whitney test indicated an effect regarding apical size (p = 0.003), no effect
regarding the working length (p = 0.977), and no effect regarding the apical barrier visit duration (p =
0.409). Finally, the Chi-Square test indicated no effect on child behavior (p = 0.487) regarding the BE.

Table 8 presents the binary logistic regression coefficients analyzing the factors influencing BE,
specifically the apical barrier method and apical size.

Table 8. Binary logistic regression coefficients for the analysis of factors influencing obturation extrusion.

95% Confidence Interval

Factor Standard Error Wald for Difference p-value? Od:l(s)ll:)a tio
Lower Upper
Apical Barrier
0.151 4.381 0.500 1.390 0.006* 1.44
method
Apical Size 0.363 2.556 0.201 1.733 0.029* 1.27

3.4. Analysis of Apical Barrier Visit Duration and Contributing Factors Across Study Groups

Table 9 presents the comparison results between the study groups regarding the apical barrier
visit duration minutes among groups.
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Table 9. The descriptive statistics of the apical barrier visit duration in minutes across the study groups, with
the statistical significance of differences between the groups.

Groups BPAP SBS BSPM *p-value
. . Mean 25.75 12.6 17
A]I;‘::alt?:;r(‘ie: zifi‘s‘;e Standard Deviation 5.54 6.13 691 <0.0017
Range 1636 322 4-30

BPAP: BioCeramic Putty Apical Plug. SBS: Single Cone Gutta-percha with BioCeramic Sealer. BPSM: BioCeramic
Putty and Sealer Mixture. *: One-way ANOVA test.”: Significant at the 0.05 level.

The One-way ANOVA test revealed statistically significant differences in apical barrier
procedure duration and postoperative pain among the three study groups (BPAP, SBS, and BPSM)
(p <0.001).

Table 10 presents the results of pairwise comparisons between the study groups regarding the
duration of the apical barrier procedure.

Table 10. The pairwise comparisons of apical barrier procedure duration between the study groups.

95% Confidence Interval for Difference

Groups Mean difference Lower Upper *p-value
SBS VS BPAP -13.15 -17.05 -9.25 <0.001"
SBS VS BPSM -4.40 -8.30 -0.50 0.029"

BPAP VS BPSM 8.75 4.85 12.65 <0.001"

BPAP: BioCeramic Putty Apical Plug. SBS: Single Cone Gutta-percha with BioCeramic Sealer. BPSM: BioCeramic
Putty and Sealer Mixture. *: LSD test. *: Significant at the 0.05 level.

Apical barrier duration procedure among the groups can be summarized as SBS < PPSM < BPAP.

For the apical barrier procedure duration, the Spearman test revealed a positive but
nonsignificant correlation with working length (r = 0.133, p = 0.187) and a positive, significant
correlation with apical size (r = 0.289, p = 0.003). Finally, the Kruskal-Wallis test revealed significant
effects regarding the apical barrier method (p < 0.001) and child behavior (p = 0.007) on the duration
of the apical barrier procedure. Specifically, children with negative behavior required a more
extended treatment duration than those with upbeat and definitely positive behavior, according to
the Frankl scale.

Table 11 presents the linear regression results to identify the factor most influencing the apical
barrier visit duration among the following variables: apical size, apical barrier method, and child
behavior.

Table 11. Linear regression coefficients for the analysis of factors influencing the apical barrier visit duration.

95% Confidence .
Standard Interval for Variance
Factor B (Coefficient) . p-value*  Inflation
Error Difference
_——— Factor
Upper Lower
Apical Apical barrier method 0.953 0.326 -1.257  0.900 0.004* 1.074
Barrier Visit  Child behavior 3.609 0.954 1.246 5.114 <0.001* 1.038
Duration Apical size 7.681 1.948 2.682 10.557 <0.001* 1.051

a Multiple Linear Regression Analysis. * Significant difference.

4. Discussion

In light of the increasing prevalence of necrotic immature permanent teeth requiring endodontic
management in children aged 6-12 years [37], the significance of this study lies in several key aspects.
First, it represents the first randomized controlled clinical trial to evaluate the impact of different
bioceramic application methods on critical clinical outcomes, including postoperative pain, treatment
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duration, and the incidence of obturation material extrusion, with the aim of identifying the most
effective approach for pediatric patients. Second, it explores the influence of various contributing
factors that cannot be fully standardized in a randomized controlled setting—such as apical size,
working length, etiology of pulpal necrosis, preoperative symptoms, and children’s behavior—in
addition to the selected apical barrier method, all of which collectively shape the overall treatment
outcomes.

The use of bioceramics in the presented study has been investigated through three distinct
methods. For instance, Sockalingam et al. [14] and Ghaly et al. [29] recommended the application of
BioCeramic Putty as an apical plug. Rencher et al. [38] demonstrated that BioCeramic putty and
BioCeramic sealer were employed for retrograde filling after apicoectomy. Additionally, BioCeramic
sealer use in conjunction with the single-cone method was based on manufacturer guidelines, with
reports of high success rates in managing large periapical lesions in closed-apex anterior teeth [39].
However, this method requires modifications for open-apex cases, as the gutta-percha cone cannot
achieve tug-back at the open apex. Instead, tug-back is accomplished at the apical third of the root,
where the BioCeramic sealer’s high flowability seals the gap between the gutta-percha cone and
apical walls.

The present findings indicate a direct association between the apical barrier method using
bioceramics and postoperative pain, as the different methods employed demonstrated varying effects
on pain intensity. Accordingly, the null hypothesis (A) was rejected. These results highlight the
importance of considering the treatment method in patients who are particularly sensitive to
endodontic procedures, to minimize discomfort in children during sessions involving apical barrier
formation. The regression results indicate that the apical barrier method continued to exert a
significant influence on the outcomes even one week after treatment.

The most clinically significant finding was the substantial difference in immediate postoperative
pain between treatment groups. On the first day post-treatment, pain levels varied dramatically:
BPAP showed the highest pain, followed by BPSM, while SBS demonstrated the lowest pain levels.

This pain hierarchy (SBS < BPSM < BPAP) suggests that the apical barrier method employed in
the apical barrier approach may play a role in influencing postoperative pain when managing
necrotic immature permanent teeth. The SBS method is less traumatic to the periapical tissues,
potentially contributing to reduced pain levels. The significantly lower pain reported in the SBS
group may be attributed to the less invasive nature of the single cone obturation technique, which
avoids the use of hand pluggers for apical adaptation. In contrast, both the BPSM and BPAP groups
involved the use of hand pluggers to adapt the bioceramic material in the apical third, potentially
causing additional trauma to the periodontal ligament and contributing to increased postoperative
discomfort. This finding is somewhat in agreement with the study by Ruiz-Cano et al. [40], which
showed a tendency for lower postoperative pain—though not statistically significant—when
comparing warm vertical compaction to the single cone technique, both using a bioceramic sealer, in
the treatment of mature permanent teeth in adult patients after 24 hours of the treatment.

By day three, pain levels had substantially decreased across all groups, with no significant
differences, and by two weeks, all patients were pain-free. This temporal pattern is consistent with
recent studies on bioceramic materials, which demonstrate rapid healing and reduced tissue irritation
[9, 30].

The reduced postoperative pain observed within groups in this study may be attributed to their
distinct immunomodulatory and bioactive properties. Calcium-silicate-based formulations promote
a healing response dominated by M2 macrophages rather than the pro-inflammatory M1 phenotype.
This polarization leads to downregulation of key pro-inflammatory cytokines, including TNF-a,
IL-1B, and IL-6, which are directly associated with periapical inflammation and postoperative
discomfort [41, 42]. Both in vitro and in vivo studies have consistently demonstrated that BioCeramics
induce a minimal cytotoxic and inflammatory response [43, 44], likely contributing to the lower
incidence of pain following treatment.
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Several factors influenced postoperative pain intensity in the current sample. A significant
positive correlation was found between preoperative pain and postoperative pain, as well as with the
periapical diagnosis, indicating that patients with pre-existing discomfort were more likely to
experience post-treatment pain. Notably, regression analysis revealed that these two factors had a
greater impact on postoperative pain than other variables (apical barrier visit duration and apical
barrier method) on both the first day and three days after treatment. Based on these findings, it is
recommended to adopt the less painful method (SBS) when managing cases with acute periapical
inflammation and high levels of preoperative pain during apical barrier procedures. Similar evidence
in mature teeth supports that a longer duration of preoperative pain significantly predicts increased
postoperative discomfort [45].

Longer procedure duration correlated with increased postoperative pain, suggesting that
extended treatment times may contribute to tissue trauma and subsequent discomfort. While this
specific correlation has not been extensively detailed in previous studies, earlier systematic reviews
have primarily focused on comparing postoperative pain between single-visit and multiple-visit
endodontic treatments, rather than examining the impact of procedure duration per se on pain
outcomes [46]. Therefore, it is recommended that studies focusing on apical barrier methods consider
both the visit duration and the presence of preoperative pain in acute cases, as these variables may
significantly influence postoperative pain outcomes.

It is worth noting that, among the treated samples in this study across all groups, larger apical
diameters were not associated with increased postoperative pain. This finding may be logical, as the
immature apices were not subjected to any mechanical enlargement. A recent well-designed study
has suggested that the degree of apical preparation significantly influences the severity of
postoperative pain [32]. Regarding irrigant extrusion, although a wider apical diameter is generally
associated with an increased risk of irrigant extrusion beyond the apex [47], the irrigation protocol
used in this study —which involved one side vented irrigation needle to deliver the solution and
another tip connected to a saliva ejector for simultaneous aspiration—seemed effective in preventing
irrigant extrusion, and therefore did not contribute to increased postoperative discomfort.

The present findings indicate a direct association between the apical barrier method using
bioceramics and BE, as the BE rates among groups revealed important method considerations.
Accordingly, the null hypothesis (B) was rejected. The BPAP group showed the lowest extrusion rate,
while the SBS and BPSM groups demonstrated higher rates. This finding suggests that the putty
consistency in BPAP may provide better control during placement, reducing the likelihood of
material overflow beyond the apex. On the other hand, the higher extrusion rates in the SBS and
BPSM groups may be related to the flowable nature of sealers and the technique-sensitive nature of
these procedures.

Sealers show variable extrusion rates depending on their consistency and application method;
Specifically, the bioceramic sealer demonstrated a high extrusion rate, which can be attributed to its
excessive flowability and high fluidity [48, 49].

It is noteworthy that, within the scope of this study, the BE in all study groups did not result in
increased postoperative pain. This finding is consistent with previous studies that investigated the
impact of sealer extrusion in both mature [48, 50] and cases with open apices [20, 51]. In line with the
existing literature [50], and considering the context of treating nonvital immature permanent teeth,
we do not recommend any apical extrusion of the obturation material, as the long-term fate of
extruded BioCeramic materials remains unclear—particularly regarding its effect on periapical
healing, bone regeneration, and the density of newly formed bone.

Apical size significantly influenced BE risk, with larger apical openings predisposing to material
overflow. This correlation highlights the importance of carefully selecting cases and modifying
methods based on anatomical considerations [52].

It is noteworthy that, based on the logistic regression results regarding the factors influencing
BE, the apical barrier method itself proved to be more important than the size of the apical foramen.
This highlights the crucial role of proper practice and training in each method, as well as the need to
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adopt the less extrusion-prone method (BPAP) to minimize the risk of sealer extrusion, particularly
in wider apical foramina.

The present findings indicate a direct association between the apical barrier method using
bioceramics and apical barrier visit duration, as the duration among groups revealed important
method considerations. Accordingly, the null hypothesis (C) was rejected.

Samples in the SBS group required the shortest time, followed by BPSM and BPAP, taking the
longest. The efficiency advantage of the SBS method may be related to the simplified single-cone
obturation procedure compared to the more complex putty manipulation required in other methods.
Moreover, it is noteworthy that the SBS method did not require an additional session for filling the
remaining portion of the canal. Once the gutta-percha was severed, the final restoration could be
accomplished immediately in routine cases that did not necessitate a post-and-core build-up.

Recent clinical reviews confirm that single cone obturation with bioceramic sealers represents a
simplified approach that has gained widespread acceptance [53]. Contemporary studies demonstrate
that the single cone technique can be used with a bioceramic sealer, which makes obturation faster
[54].

Longer procedure times correlated with larger apical sizes, likely due to increased difficulty in
achieving adequate seal with wider apical openings. This study also demonstrated that children with
definitely negative and negative behavior required longer treatment times regardless of the apical
barrier method used. This finding aligns with previous systematic reviews that confirmed a
relationship between treatment session duration and child behavior [55]. The use of the SBS method
may be advisable in cases involving uncooperative pediatric patients who require apical barrier
procedures.

It is likely that the use of the modified cannula [35] for the BioCeramic putty in the BPAP and
BPSM groups, combined with the application of ready-to-use premixed BioCeramic in the SBS and
BPSM groups, contributed to reducing the influence of WL on the overall treatment duration.

It was observed that the size of the apical foramen and child behavior had a greater impact on
the duration of apical barrier visit procedures than the apical barrier method itself. Therefore, these
factors should be carefully considered, favoring faster methods in uncooperative children, along with
an accurate assessment of the immature permanent tooth anatomy, when selecting the most
appropriate bioceramic apical barrier method.

These findings suggest that the SBS method may be advantageous for children who require
faster, less painful treatment sessions, although clinicians must weigh the increased risk of extrusion.
Conversely, BPAP may be preferred in cases with wide apices or when extrusion must be avoided,
despite its drawbacks in time and discomfort. Clinical decision-making should therefore integrate
patient cooperation, apex morphology, and operator skill rather than relying on a single technique.

While this study focused on immediate outcomes, it is essential to contextualize these findings
within long-term success data from recent literature, which demonstrates high success rates with
bioceramic materials in pediatric endodontics across different methods [29, 30]. As a next step, a
dedicated report will address the long-term effects of the three tested methods on the healing of
periapical lesions in immature permanent teeth, as well as the impact of sealer extrusion on the
healing process.

One of the limitations of this study is the inability to apply all methods to the same child, as it
was not feasible to recruit children with three upper incisors in comparable conditions for these
treatments. Additionally, operator blinding was not feasible, and extrusion was recorded only as
present/absent, not quantitatively. Cost analysis was also not addressed. Future studies should adopt
standardized extrusion measurement and incorporate economic considerations to inform evidence-
based guidelines more effectively.

While the present trial highlights short-term differences in pain, extrusion, and treatment
duration across bioceramic apical barrier methods, these findings should also be interpreted in the
broader context of regenerative endodontics. Advances in pulp revascularization and tissue
engineering increasingly emphasize biologic healing and root maturation as ultimate goals. The
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predictable control of extrusion and minimization of postoperative discomfort observed in this study
provide a clinical foundation upon which regenerative protocols can build. Long-term evaluations
comparing apical barrier techniques with regenerative approaches will be essential to determine not
only periapical healing but also the potential for continued root development, dentin thickness, and
preservation of esthetics in growing children.

5. Conclusions

Bioceramic apical barrier methods have been shown to influence short-term clinical outcomes in
immature necrotic incisors. While SBS offers efficiency and comfort, BPAP provides greater control
over the extrusion process. The optimal method should be tailored to clinical anatomy and patient
cooperation, with further research needed to confirm long-term outcomes.
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