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Abstract

Background/Objectives: Complex endodontic lesions characterized by significant periapical
bone loss, diverse anatomical variations in the root canal system and apical resorption
represent a major therapeutic challenge. Biodentine, a calcium silicate-based bioactive
dental restorative material, has gained considerable attention because of its potential
to promote and sustain the regeneration of bone tissue. This review aims to evaluate
current evidence on Biodentine’s regenerative abilities in treatments of diverse endodontic
pathology and highlight the clinical and radiographic outcomes. Material and Methods: A
systematic review was conducted in accordance with PRISMA guidelines by searching for
articles in three electronic databases: Medline (PubMed), Scopus, and Cochrane Library.
Studies describing the application of Biodentine in cases of complex endodontic pathology
with destruction of apical bone and apical resorption of roots were considered for inclusion
in the study. Quality assessment was carried out using the Cochrane risk of bias assessment
tool RoB 2.0. Results: The included clinical and radiographic studies demonstrated positive
treatment outcomes after using Biodentine in difficult endodontic lesions, including a
reduction in lesion size, improvement in symptoms and progression of periapical bone
regeneration after 12 months of follow-up. No significant adverse outcomes were reported
in the studies included. Conclusions: Biodentine proved to be an efficient biocompatible
material in terms of managing complex endodontic lesions. Due to its bioactive properties
and high efficiency as an apical plug, Biodentine is capable of inducing bone regeneration
within the affected periapical area.

Keywords: Biodentine; biomaterials; endodontics; bone regeneration; bone healing

1. Introduction

Endodontic infections represent one of the most common causes of inflammatory
processes in periapical bone and ligament tissue. Pathological changes develop because
of the colonization of the root canal system by bacteria, which provokes the inflammation
and destruction of bone structures. Under the influence of bacterial toxins and by-products,
periapical lesions form, which radiographically correspond to areas of osteolysis due to
osteoclast activity in the proximity of the root of the affected tooth [1,2].
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Depending on the complexity, lesion size, and type of pathological change, there may
be different symptoms of periapical disease. Small periapical lesions may be resolved after
endodontic treatment; however, in case of complicated endodontic lesions, such as large
periapical bone destruction, root internal and external resorptions, perforations, chronic
intraarticular infection, or failure of previous endodontic treatment, extra difficulties are
presented in the healing process [3,4].

The goal of any endodontic treatment is the elimination of infection, prevention of
reinfection, and creation of an appropriate biological environment for regeneration of
periapical tissues. The successful result of treatment is characterized by inflammation reso-
lution and periapical bone structure regeneration. In the cases of complicated endodontic
lesions, spontaneous bone regeneration may not occur or may take place incompletely,
therefore requiring the development of additional approaches to facilitate periapical tissue
regeneration [5].

During the last few decades, numerous bioactive materials have been created to
help achieve positive outcomes in endodontic treatment. As the name suggests, bioactive
materials may interact with biological tissues and trigger a series of biological responses,
which are favorable for further tissue restoration and healing. Bioactive materials are able
to liberate ions with biological activity, stimulate mineralization processes, and create a
proper environment for tissue healing [6].

Among the bioactive materials available, calcium silicate-based cements are rather
popular because of their excellent biological properties and tissue regeneration capability.
Biodentine represents a tricalcium silicate-based bioactive material, which was designed
as a dentine substitute and applied clinically in various treatments in dentistry and en-
dodontics. The material possesses excellent physical properties, such as good compressive
strength, high degree of sealing, and dimensional stability, which make it suitable for
procedures involving replacement and sealing of root canals and dentine [7].

Moreover, Biodentine demonstrates favorable biological properties, which contribute
to tissue regeneration. Experimental and clinical studies confirm that Biodentine has a
great degree of biocompatibility and stimulates mineralization and formation of hard
tissue. The material is capable of promoting the release of dentine matrix growth factors
and odontoblast-like cell differentiation, which stimulates hard tissue regeneration and
mineralization. Moreover, Biodentine has the potential to stimulate osteogenesis and bone
tissue formation in periapical regions [8,9].

It is worth noting that another biological characteristic of Biodentine is the possibility
of creating an alkaline environment, which has antimicrobial properties. The creation of
such an alkaline environment promotes hydroxyapatite formation at the surface of dentine
and contributes to creation of a good seal between material and dentine surface [10].

There are plenty of clinical studies on positive clinical outcomes of treating complex
endodontic pathologies, such as large periapical lesions, root perforations, and root re-
sorptions. Numerous cases show that Biodentine application resulted in periapical bone
regeneration and successful periapical healing in radiographs [11,12]. Despite the increas-
ing amount of evidence on the clinical effectiveness of Biodentine, the information found
in the literature is rather heterogeneous, with a great variety of research designs, study
samples, and methods of evaluation [13,14]. For the purpose of the present review, the
term “complex endodontic lesions” refers to clinical situations characterized by extensive
periapical bone destruction, apical periodontitis associated with large radiolucent lesions,
external or internal root resorption, root perforations, persistent apical pathology after
previous endodontic treatment, and regenerative endodontic cases requiring bioactive
materials to promote healing and tissue regeneration. These conditions are generally associ-
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ated with a less predictable prognosis and require advanced treatment approaches beyond
conventional root canal therapy.

Therefore, a systematic review of the literature should be carried out to understand the
current state of science and determine whether there is sufficient evidence of Biodentine’s
potential in complicated endodontic lesions. The purpose of the systematic review is
to provide a critical analysis and synthesis of all the available scientific evidence on the
use of Biodentine in endodontic lesions, with particular consideration paid to clinical
and radiological findings. The aim of this systematic review was to evaluate the clinical,
radiographic, and regenerative outcomes associated with Biodentine in the management of
complex endodontic conditions. Particular emphasis was placed on evidence related to
periapical healing, hard tissue formation, and tissue regeneration, while acknowledging
that the included studies addressed different clinical indications and levels of evidence
regarding periapical bone regeneration.

2. Materials and Methods

The present systematic review was conducted to answer the main guiding research
question: “What is the potential of Biodentine to promote bone regeneration in the manage-
ment of complex endodontic lesions?” The purpose of the review was to assess scientific
data on the regenerative potential of Biodentine when dealing with endodontic problems
connected with periapical bone destruction.

The research strategy involved systematic searching and analysis of the literature
devoted to Biodentine application in the treatment of complex cases of endodontic lesions,
such as large periapical lesions, root resorption, root canal perforation, and chronic pe-
riapical infections. Particular emphasis was placed on the results concerning periapical
recovery and bone regeneration after Biodentine therapy. The review study was conducted
in accordance with the PRISMA 2020 Statement. The completed PRISMA 2020 Checklist is
available in the Supplementary Materials (Supplementary File S1).

2.1. Data Sources and Search Strategy

Comprehensive research of the medical literature was performed using three major
electronic databases, namely, Medline through PubMed, Scopus, and Cochrane Library.
The reason for this was to get articles about the effect of Biodentine on bone regeneration
and the endodontic protocol.

In performing a comprehensive search, Medical Subject Headings (MeSH terms) and
keywords were used to cover all the possible articles that could be considered relevant.
These keywords are:

Biodentine AND bone regeneration;
Biodentine AND periapical lesions;
Biodentine AND endodontic treatment;

Biodentine AND periapical healing.

Boolean operators were used to refine the search strategy and improve the accuracy of
all the results that were obtained. The search included all studies published until March
2026, without any kind of restrictions regarding the year of publication. Only articles
written in English and involving human subjects were used and considered eligible for
screening. All records were exported and screened for duplicates before proceeding with the
study selection process. The study selection process is summarized in Table 1, presenting
the number of records identified, screened, excluded, and included in the systematic review
according to PRISMA guidelines.
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Table 1. PRISMA flow diagram data.

Stage Description Number (n)
Records identified through database searching 161
PubMed 117
Identification Scopus 43
Cochrane 1
Records after duplicates removed 140
Records screened (title and abstract) 140
Screening Records excluded (Rea.sons: irrelevant topic,. revieW 121
articles, non-human studies, no evaluation of Biodentine)
Full-text articles assessed for eligibility 19
Eligibility Full-text articles excluded (Reasons: lack of clinical
outcome data, no evaluation of bone regeneration, 13
in vitro studies)
Included Studies included in qualitative synthesis 6
2.2. Study Selection and Methodology for Data Collection
A preliminary database search using different keywords included 161 articles. In
order to narrow down the literature database and filter out studies related to our topic
of interest, a three-stage study selection method was followed based on the established
criteria (Table 2).
Table 2. Inclusion criteria for study selection.
Criterion Category Inclusion Criteria Exclusion Criteria

Publication Date

Study Population
Journal Category

Study Design

Intervention

Outcomes

Language

No restriction regarding the year of publication
Studies conducted on human subjects

Articles published in journals related to dentistry
and oral health

Original clinical studies (clinical trials, case
series, case reports)

Studies investigating the clinical use of
Biodentine in endodontic treatments associated
with tissue healing, hard tissue formation,
regenerative outcomes, or periapical healing.
Studies reporting clinical, radiographic,
histological, or biological outcomes related to
tissue healing, mineralized tissue formation,
regenerative responses, or periapical healing.

Articles published in English

Studies conducted on animals or

in vitro studies

Articles published in non-relevant
medical or non-scientific journals
Review articles, editorials, letters to
the editor

Studies not evaluating Biodentine or
not assessing clinical outcomes

Studies lacking clinical outcome data

Articles published in languages other
than English

Following the application of the predefined inclusion and exclusion criteria, the titles

and abstracts of all retrieved records were independently screened by two reviewers (A.M.S.
and L.B.) to identify studies relevant to the objective of the present systematic review.
Studies considered potentially eligible during the initial screening stage were subsequently
subjected to a full-text assessment by the same reviewers according to the predefined
eligibility criteria. Any disagreement regarding study eligibility was resolved through
discussion and consensus. When consensus could not be reached, a third reviewer (M.D.M.)
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was consulted to make the final decision. The study selection process was conducted in
accordance with PRISMA recommendations to ensure methodological transparency and
reproducibility. Following the full-text evaluation, six studies were identified as meeting all
eligibility criteria and were included in the qualitative synthesis of this systematic review.
Therefore, 6 studies were identified as directly addressing the role of Biodentine in the
management of complex endodontic lesions and bone regeneration and were included in
the qualitative synthesis of this systematic review (Figure 1).

Identification
Records identified through database searching
n=161
PubMed: 117
Scopus: 43
Cochrane: 1

|

[Records after duplicates removed J

n =140

Records excluded

Screening n=121
Records screened (title and abstract) Reasons: irrelevant topic, review articles,
n =140 non-human studies, not evaluating Biodentine
Eligibility

Full-text articles assessed for eligibility

n=19
Full-text articles excluded
A Included
& Studies included in qualitative
Reasons: lack of clinical outcome data, o nthesisq
no evaluation of bone regeneration, yn -6

in vitro studies

Figure 1. Flowchart conducted during the methodology.

2.3. Data Extraction and Data Synthesis

Extraction of the data was performed independently by two reviewers utilizing a pre-
defined data extraction form. Information regarding study design, sample characteristics,
clinical indication, Biodentine application protocol, comparator intervention, follow-up
duration, and reported clinical and radiographic outcomes was extracted from all included
studies. The extracted characteristics of the included studies are summarized in Table 3.
When detailed clinical parameters such as lesion size, CBCT characteristics, thickness of
Biodentine, or irrigation protocol were not available in the original publication, these items
were recorded as not reported.

Table 3. Characteristics of the studies included in the qualitative synthesis and extracted variables.

. Clinical Biodentine Extracted
Author (Year) Study Design Sample Condition Application Comparator Follow-up Outcomes
G Randomized 60 primary Primary molars Chr}mal success,
uang et al. ; L Pulpotomy radiographic success,
) comparative molars requiring . Formocresol 12 months . .
(2022) [14] linical stud (30/ group) Tbotom material inflammation,
clinical study group pulpotomy necrosis
Deep carious Clinical success
Chhabra et al. Randomized 68 children; 100 primary molars Indirect pulp . A
. . . . . MTA 18 months radiographic success,
(2025) [15] controlled trial molars analyzed with reversible capping material Lk
i pulp vitality
pulpitis
Unaletal f(?ri?glrllzeljed 60 patients aA[)Si}g}ptomath Fsrirlliizltceuilril:racanal Calcium 7 days RANKL/OPG,
(2025) [16] . X X - . hydroxide Y TNF-«, PGE-2, TGF-3
clinical trial periodontitis dressing
. Randomized . Pulp necrosis . Lo .
Al-Rawhani et al. controlled 36 patients and apical .Coronal barrier MTA 18 months Per1ap1ca1'}1?e?l1ng,
(2024) [17] . - (31 completed) - L in REP tooth sensibility
clinical trial periodontitis
El-Kateb et al. Randomized 18 mature Nfscrotlcbtee'th Cervical plug X3 vs. X5 apical MRI tissue .
controlled R with periapical N . 12 months regeneration, lesion
(2020) [18] .. X necrotic teeth . in REP preparation . s
clinical trial lesions healing, sensibility
Nassri Randomized Symptomatic Histological healing,
assri et al. double-blind 60 premolars irreversible Full pulpotomy MTA and 1 week and inflammator
(2026) [19] . - . from 40 patients o material TotalFill BCRRM 6 months Y
histological trial pulpitis response
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2.4. Risk of Bias Assessment

Methodological quality and risk of bias for the included clinical trials were evaluated
independently by two reviewers using the Cochrane risk of bias tool (RoB 2.0). This
assessment tool enables the structured evaluation of the methodological quality of clinical
trials and aids in judging whether the outcomes observed in these clinical trials with regard
to periapical healing and bone regeneration after treatment using Biodentine are reliable.

Some of the domains considered while evaluating for risk of bias included:

Bias arising from all randomization processes;

Bias due to deviations from intended interventions;

Bias due to incomplete or missing outcome data;

Bias from selective outcome measurement and clinical outcomes;

o O O O O

Bias in selective outcome reporting of all results.

Each of the domains was assessed using predetermined standards, which categorized
them as low risk of bias, some concerns, or high risk of bias.

In case of any disagreement among the reviewers, the issue was resolved by discussion
until a consensus was reached, and if needed, the judgment was made by an independent
third party. The outcomes of the risk of bias analysis were considered while interpreting
the data.

3. Results

A total of 161 records were identified through database searching. After duplicate
removal and title and abstract screening, 19 full-text articles were assessed for eligibility.
Of these, 13 studies were excluded based on predefined criteria, and ultimately, six clin-
ical studies were included in the qualitative synthesis of this systematic review. Of the
six included studies, three directly investigated conditions involving periapical lesions,
apical periodontitis, or regenerative endodontic procedures and therefore provided direct
evidence regarding periapical healing. The remaining three studies evaluated pulpotomy
or indirect pulp capping procedures and were included because they provided indirect
evidence regarding the biological and regenerative properties of Biodentine. The outcomes
reported in the included studies primarily focused on clinical improvement and radiolog-
ical evidence of periapical bone healing during follow-up periods ranging from several
months to multiple years. The following table summarizes the most important findings of
the present research (Table 4).

Table 4. Summary of clinical and radiological outcomes of Biodentine in the management of complex
endodontic lesions.

No. Author (Year) Clinical Outcome Radiological Outcome
1 Guang et al., 2022 [14] Absence of pain, swelling, or fistula Radiographic success rate of 93.9% at
12 months

2 Unal et al., 2025 [15] $1gn1f1cant reductlc.m mn Reduction in bone resorption markers
inflammatory mediators

3 Nassri et al., 2026 [16] Reductlor'l in inflammation and Formation of dentinal-like bridge
pulp healing

4 Chhabra et al., 2025 [17] Clinical success rate of 96% Radiographic success rate comparable

to MTA

Al-Rawhani et al., 2024 [18]

Resolution of symptoms and
regained sensibility

Healing of periapical lesions in
majority of cases

El-Kateb et al., 2020 [19]

All treated teeth became symptom-free

Complete radiographic healing of
periapical lesions
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For the purpose of this review, treatment success was considered according to the
criteria reported in the included studies as follows: (1) absence of clinical symptoms
such as pain, swelling, or tenderness to percussion; (2) maintenance or recovery of tooth
function; (3) radiographic evidence of periapical healing, including reduction in lesion size,
progressive bone fill, resolution of radiolucency, or formation of mineralized tissue. These
three parameters were used for the comparison of all outcomes presented in studies.

Of the included articles, five (83.3%) were randomized controlled trials, while only
one (16.7%) article included clinical comparative research, signifying an overall moderate-
to-high level of evidence among the included studies. Biodentine was used for various
indications, such as pulpotomy, intracanal dressing, apical barrier creation, and regener-
ation procedures in endodontics. Follow-up time periods also differed between articles,
ranging from short follow-up to 18 months. This factor should be taken into account
regarding long-term evaluation.

In spite of the differences in methodology, clinical indication, and application protocol,
all results were proven to be positive among the included papers. The majority of research
demonstrated a lack of clinical symptoms, such as pain and swelling, and the return of
tooth functionality. In terms of radiographic evaluation, there is a tendency towards lesion
regression and bone repair in apical areas.

Nevertheless, heterogeneity in population characteristics, methodology, and evalua-
tion criteria of results needs to be accounted for. An important aspect to consider is that
not all included studies directly investigated periapical bone regeneration associated with
complex endodontic lesions. Three studies specifically evaluated conditions involving api-
cal periodontitis, periapical lesions, or regenerative endodontic procedures and therefore
provided direct evidence regarding periapical healing. The remaining studies investigated
pulpotomy or indirect pulp capping procedures and were included because they evaluated
the biological and regenerative properties of Biodentine in clinical settings. Consequently,
these studies provide indirect evidence supporting the regenerative potential of Bioden-
tine and should be interpreted with caution when extrapolating conclusions regarding
periapical bone regeneration.

4. Discussion

This systematic review aimed to assess the regenerative capabilities of Biodentine in
treating complex endodontic lesions with particular emphasis on clinical and radiographic
results. According to the findings of all included articles, the usage of Biodentine was found
to result in positive therapeutic outcomes characterized by an improvement in patients’
conditions and periapical tissue healing [14,15]. The interpretation of the findings should
take into account that the included studies addressed different clinical indications. While
studies evaluating regenerative endodontic procedures and apical periodontitis directly
assessed periapical healing outcomes, studies investigating pulpotomy and indirect pulp
capping primarily evaluated pulp healing and dentin bridge formation. Therefore, the
available evidence is not entirely homogeneous, and conclusions regarding periapical bone
regeneration are supported mainly by a subset of the included studies.

Positive clinical outcomes (i.e., pain reduction, resolution of inflammation, and mainte-
nance of tooth function), together with favorable radiographic findings reported in several
studies, suggest that Biodentine may be associated with beneficial therapeutic outcomes
in selected endodontic conditions [16,17]. However, the interpretation of these findings
should consider the heterogeneity of the included studies and the limited number of investi-
gations directly evaluating periapical bone healing. These findings are in line with existing
evidence on the bioactivity of calcium silicate-based materials and their effectiveness in
treating different conditions [14,18]. A critical interpretation of the available evidence is
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necessary because the included studies demonstrated substantial methodological and clini-
cal heterogeneity. The investigated populations ranged from pediatric patients undergoing
pulpotomy procedures to adult patients presenting with apical periodontitis, pulp necrosis,
or regenerative endodontic treatment needs. Biodentine was used for different clinical
purposes, including pulpotomy, indirect pulp capping, intracanal medication, cervical bar-
riers in regenerative procedures, and apical plug formation. Moreover, follow-up periods
varied considerably, ranging from one week to eighteen months, while outcome assessment
methods included clinical evaluation, radiographic healing, histological analysis, magnetic
resonance imaging, and measurement of inflammatory biomarkers. Such heterogeneity lim-
its direct comparisons among studies and reduces the ability to draw definitive conclusions
regarding the specific role of Biodentine in periapical bone regeneration [19,20].

The favorable clinical and radiographic outcomes reported in the included studies
may be partially explained by the biological properties of Biodentine. First, it releases Ca++
ions and provides an alkaline pH, which favors tissue mineralization [20,21]. Second, the
material stimulates differentiation of odontoblast-like cells and enhances the process of
both dentinogenesis and osteogenesis. The third factor favoring tissue regeneration and
healing is its excellent sealing properties, which prevent bacterial reinfiltration [22-24].
Several of the included studies compared Biodentine with MTA or other calcium silicate-
based materials and generally reported favorable clinical outcomes for both materials.
However, these findings should be interpreted cautiously because the studies differed
substantially in terms of clinical indications, treatment protocols, outcome measures, and
follow-up periods. Therefore, direct comparisons between Biodentine and alternative
biomaterials remain limited, and the currently available evidence does not allow definitive
conclusions regarding the superiority of one material over another to be drawn. Future
comparative clinical trials using standardized protocols are needed to better establish the
relative effectiveness of these materials [25-27].

Another valuable characteristic of Biodentine, which is highlighted by all reviewed
studies, is its versatility. It can be applied in pulpotomy, intracanal dressing, apical barrier
formation, and regenerative endodontics, and each of these applications is followed by
positive treatment outcomes. These facts show that Biodentine may be considered an
effective alternative to conventional MTA in a wide range of clinical cases [18,28].

The findings of the present review should also be interpreted within the broader con-
text of calcium silicate-based biomaterials currently used in endodontics. Recent prospec-
tive clinical studies by Spinelli et al. reported favorable clinical and radiographic outcomes
following root canal treatment performed with premixed bioceramic sealers and different
obturation techniques [29-31]. However, these studies investigated root canal sealers used
in conventional endodontic treatment protocols and did not specifically evaluate Bioden-
tine or its application in the management of complex endodontic lesions. Therefore, their
findings cannot be directly compared with the studies included in the present review, which
assessed Biodentine in different clinical applications such as regenerative endodontic proce-
dures, apical barrier formation, pulpotomy, or indirect pulp capping [32]. These studies are
discussed only to provide a broader context regarding the clinical performance of calcium
silicate-based biomaterials and should not be considered direct evidence supporting the
regenerative potential of Biodentine. Further comparative studies are required to clarify
the relative clinical performance of different calcium silicate-based materials in specific
endodontic indications.

When interpreting the presented outcomes, we also took into consideration the po-
tential influence of methodological bias. The included studies presented differences in
study design, sample size, follow-up duration, and outcome assessment methods. More-
over, studies reporting positive outcomes are more likely to be published, thus leading
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to a potential publication bias. Therefore, although the available evidence consistently
suggests favorable clinical and radiographic outcomes associated with Biodentine, the
overall strength of the evidence should be studied with caution.

However, it is necessary to pay attention to some limitations of this study. For instance,
its results are based on a relatively limited number of included studies; hence, further
research is required in order to draw stronger conclusions about Biodentine. Second, in-
cluded articles exhibit significant heterogeneity; thus, no quantitative analysis could have
been performed, and a direct comparison between the studies was difficult. Furthermore,
the length of follow-up differed significantly, and most studies only provided data for
the mid-term period after treatment, which raises questions regarding its long-term ef-
fects. Finally, even though the majority of the papers included belonged to RCTs, their
heterogeneity and potential sources of bias should not be neglected.

From a clinical perspective, the findings of this systematic review demonstrate the ability
of Biodentine to regenerate tissues affected by various endodontic complications due to its
beneficial biological properties, convenient handling, and excellent sealing properties. Thus, it
may be regarded as a promising bioactive material for treating complex lesions in teeth.

The next step that needs to be taken is designing well-conducted randomized controlled
trials based on standard treatment protocols and involving a large number of subjects. In
addition, the follow-up period should cover a long enough time period in order to assess the
real long-term effects of Biodentine use. Also, the employment of modern radiographic
techniques, such as CBCT scanning, would provide a more reliable evaluation of bone
regeneration. Although Biodentine has shown promising clinical and radiographic outcomes
in the management of complex endodontic lesions, further research is needed to clarify its
long-term effectiveness and to better establish its role in tissue healing and regeneration.

5. Conclusions

Within the limitations of the present systematic review, Biodentine appears to be
associated with favorable clinical and radiographic outcomes in the management of selected
endodontic conditions, particularly in cases involving periapical pathology, regenerative
endodontic procedures, and apical barrier formation. Its bioactivity, sealing ability, and
biocompatibility may contribute to tissue healing and treatment success. However, the
current evidence base remains limited due to the heterogeneity of the included studies, the
small number of directly relevant investigations, variable sample sizes, and relatively short
follow-up periods. Furthermore, several included studies provided only indirect evidence
regarding periapical bone healing.

Therefore, while Biodentine represents a promising biomaterial in endodontic practice,
definitive conclusions regarding its ability to induce periapical bone regeneration cannot yet be
established. Additional high-quality randomized clinical trials with standardized methodolo-
gies and extended follow-up periods are required to strengthen the available evidence.
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