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Antibiofilm efficacy of plant
extracts as root canal irrigants in
endodontics: a systematic
literature review
Jihad Diouchi*, Babacar Touré and Sonia Ghoul

International Faculty of Dental Medicine, Health Sciences Research Center (CReSS), College of Health
Sciences, International University of Rabat, Sala-Al Jadida, Morocco
Background: To explore the antibiofilm efficacy of plant extracts against in vitro
formed single and multispecies endodontic biofilms, in comparison to
conventional root canal irrigants.
Methods: PubMed, Scopus, Web of Science, and EMBASE were searched up to
April 2024. Studies investigating the antibiofilm efficacy, of at least one plant
extract and one conventional root canal irrigant, against endodontic biofilms
were reviewed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement guidelines. Data were extracted,
and studies were critically assessed using the Joanna Briggs Institute checklist.
Results: Among 78 articles, eight articles met the criteria and were eventually
included in this review. One study showed a high risk of bias, six showed a
moderate risk of bias, and one showed a low risk. A total of twelve plant extracts
were tested for their antibiofilm efficacy against eight different single-species
biofilms and one multispecies biofilm. A combination of microscopy methods
and culturing techniques was used for the assessment of their efficacies. Plant
extracts exhibited either a biofilm disruption and/or inhibition of biofilm
formation. Psidium cattleianum extract and Psidium guajava exhibited enhanced
efficacy compared to Chlorhexidine and NaOCl, respectively. Allium sativum
demonstrated comparable efficacy to NaOCl. Furthermore, the combination of
Cymbopogon martinii essential oil and NaOCl was found to be more effective
than either alone when tested on a multispecies biofilm. However, the other
plant extracts, such as Mikania Sprengel, Salvadora persica, Camellia sinensis, and
Vitis vinifera showed efficacy but were still inferior compared to the control group.
Conclusions: Overall, the tested plant extracts demonstrated promising potential for
combating in vitro endodontic biofilms. In that context, integrating conventional
therapy protocols with plant-inspired treatments may allow effective endodontic
biofilm eradication. Hence, future research should focus on optimizing the
synergistic combinations of these extracts with NaOCl to maximize the therapeutic
outcomes. Heterogeneity amongst the studies prevented a meta-analysis.
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1 Introduction

Endodontic infection is a polymicrobial infection currently classified as a “Biofilm-

mediated disease” (1). Endodontic biofilms are usually made up of microorganisms

embedded in an exopolymer matrix that can vary in composition and biology (2). This

biofilm acts as a reservoir of chronic infections and a barrier to antimicrobial agents
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(3, 4). The common cause of endodontic treatment failure is often

linked to residual micro-organisms in the root canal system,

resulting from unsuccessful eradication of the biofilm (5). In

some cases, this may lead to tooth extraction (6). Therefore, the

major purpose of root canal treatment is to disturb the biofilm,

reduce the bacterial load, and prevent microbial recolonization of

the treated canal (7).

Root canal irrigation is considered a paramount step during

endodontic treatment. Among multiple existing irrigants,

sodium hypochlorite (NaOCl) is the most frequently used (8).

Recent studies showed that NaOCl is utilized as the preferred

irrigant among general dentists and endodontists in several

countries, such as Australia, Turkey, and Spain (9–11). This

preference is likely due to its potent antibacterial and

antibiofilm properties as well as its ability to facilitate the

dissolution of residual pulp tissue. However, a study conducted

by Rosen et al. suggested that NaOCl might contribute to

bacterial persistence by being extremely toxic to planktonic

bacteria but failing to eradicate biofilm cells (12). Additionally,

NaOCl can be highly toxic if accidentally extruded, and can

cause allergic reactions in patients who are sensitive to chemical

agents (13). Furthermore, it may reduce the mechanical

properties of dentin and cause structural damage to its

components, particularly collagen (14–16). Moreover, NaOCl

can cause irritation to apical tissues, particularly in immature

teeth with larger apices, where preserving the apical papilla is

crucial for pulp regeneration therapies (17). Chlorhexidine

(CHX) is another irrigant that has been proposed because of its

antibacterial activity, substantivity, and lower tissue toxicity

compared to NaOCl; however, it is unable to dissolve pulp

tissue or efficiently eradicate biofilms (18, 19). Although, these

synthetic chemicals proved efficacy in disinfection, the search

for alternative irrigants continues, as no ‘ideal’ solution has yet

been found. Consequently, in an attempt to avoid the

limitations of these conventional synthetic irrigants, the search

for potential natural adjuvants has been encouraged (20, 21).

Natural products have already been used in endodontics. For

example, clove extract is regularly used as a common root canal

sealer called zinc oxide eugenol (20), eucalyptol and orange

extracts are also commonly used in clinics as solvents of the

gutta percha for endodontic retreatment (22), also soybean and

olive oil are increasingly proposed as lubricants for the

removal of fractured instruments from root canals (23). Recent

systematic reviews have highlighted the antimicrobial

properties of plant extracts as root canal irrigants (24, 25).

However, these studies did not fully address the antibiofilm

efficacy of plant-based irrigants. To the best of our knowledge,

there had been no previous systematic review addressing

specifically the antibiofilm potential of plant extracts in

combating root canal biofilms.

Hence, this systematic review provides a critical presentation of

the antibiofilm effects of various plant extracts against in vitro

single and multispecies biofilms compared to conventional root

canal irrigants. This review also intended to explore the

mechanism of action of these natural extract on biofilms, either

by biofilm disruption or inhibition of biofilm formation.
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2 Materials and methods

This systematic review was conducted in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement checklist 2020 (26).
2.1 Research question

The proposed research question for this study was

“How effective are plant-based irrigation solutions in terms of

antibiofilm activity, compared with conventional

irrigation solutions?”
2.2 PICO elements

The research question was constructed based on the following

PICO(S) schema including:

Population (P): Which is the plant extracts tested to be used as root

canal irrigant, including essential oils, hydrolats, organic

solvent-based extracts and pure plant extracts.

Interventions (I): Which is the antibiofilm activity of the plant

extracts either by prevention of the biofilm formation, or

biofilm disruption.

Comparators (C): Any conventional root canal irrigation solution

(i.e., sodium hypochlorite and chlorhexidine).

Outcomes (O): The primary outcome of this review was the efficacy

of plant extracts against endodontic biofilms either by biofilm

prevention or eradication (assessment applying qualitative or

quantitative criteria).

Study design (S): Experimental studies (e.g., laboratory-based

studies, clinical trials), observational studies and, comparative

studies if available.
2.3 Search strategy

Databases were searched according to the PICO using a

combination of controlled vocabulary (MeSH terms) and free

text terms. PubMed, Scopus, Web of Science, and EMBASE were

explored from the oldest available data until the end of April

2024. The search equations were adapted according to the

databases used (Table 1).
2.4 Selection criteria

In vitro and ex vivo studies using at least one plant extract and

one conventional root canal irrigant were included. Articles not

published in English, studies in which plant extracts were used as

intracanal medication, review articles, and studies focusing only

on the effect of plant extracts against endodontic microorganisms

in their planktonic state were excluded.
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TABLE 1 Search strategy.

PubMed ((“Plant Extracts”[Mesh]) AND “Biofilms”[Mesh]) AND “Root Canal Irrigants”[Mesh]) ((“Plant Extracts”[Mesh]) AND “Biofilms”[Mesh]) AND
“Endodontics”[Mesh]) ((“Plant Extracts”[Mesh]) AND “Biofilms”[Mesh]) AND (“Root Canal Irrigants”[Mesh] OR “Endodontics” [Mesh]) (“Plant
Extracts”[Mesh] OR “Drugs, Chinese Herbal”[Mesh]) AND “Biofilms”[Mesh]) AND (“Root Canal Irrigants”[Mesh] OR “Endodontics” [Mesh])

Scopus (TITLE-ABS-KEY (“root canal irrigants” AND “plant extracts” AND “biofilms”)) (TITLE-ABS-KEY (“plant extracts” AND “biofilms” AND “endodontics”))
(TITLE-ABS-KEY (“plant extracts” AND “biofilms” AND (“root canal irrigants” OR “endodontics”))) (TITLE-ABS-KEY ((“plant extracts” OR “drugs,
Chinese herbal”) AND “biofilms” AND (“root canal irrigants” OR “endodontics”)))

Web of
Science

ALL = (root canal irrigants AND plant extracts AND biofilms) ALL = (plant extracts AND biofilms AND endodontics) ALL = (plant extracts AND biofilms
AND (root canal irrigants OR endodontics)) ALL = ((plant extracts OR natural compounds) AND biofilms AND (root canal irrigants OR endodontics))

Embase (“root canal irrigants”/exp OR “root canal irrigants”) AND (“plant extracts”/exp OR “plant extracts”) AND (“biofilm”/exp OR “biofilm”) AND “endodontics”
(“biofilms” AND (“root canal irrigants” OR “plant extract”/exp OR “plant extract” OR “natural compounds”) AND (“biofilm”/exp OR “biofilm”) AND “root
canal irrigant” AND “endodontic”

Diouchi et al. 10.3389/fdmed.2024.1479953
2.5 Data extraction

Articles were independently searched and screened by two authors

based on the inclusion and exclusion criteria. After evaluation of titles

and abstracts, duplicates were removed, and potential studies fulfilling

the inclusion criteria were chosen for this review. The screening process

and data extraction were performed using a customized reading grid in

Microsoft Word (Microsoft Word Version 2310). The following data

were extracted: (i) characteristics of the plant-based extracts used,

including the plant of origin, concentration, volume, type of extract,

and method of administration. (ii) characteristics of the experimental

approaches, including models used for the study, biofilm type,

composition, and the evaluation methods.
2.6 Risk of bias assessment

Two independent authors assessed the risk of bias of individual

studies. The Joanna Briggs Institute (J.B.I.) checklist for risk of bias

assessment was modified according to in vitro studies, following the

evaluation framework available in the study by Teja et al. (27). The

included studies were evaluated for the reporting of the

experimental data, standardization of the protocol, and blinding.

The risk of bias was scored as “ Low” when the details of the

parameters without ambiguity, as “Unclear” when there was

ambiguity. When no details were provided, it was scored as “High”.
3 Results

A total of 78 studies were obtained after a search in four databases,

including PubMed, Scopus, Web of Science, and Embase. After

removing duplicate records, the titles and abstracts were screened.

Eleven papers were included in the full-text review. Three papers were

excluded because they did not meet the inclusion criteria (28–30).

Eight studies were considered eligible and were included in the final

review. A summary of the study selection procedure is presented in a

flowchart, in accordance with PRISMA guidelines (Figure 1).
3.1 Plant extracts

Twelve (12) extracts from ten (10) plants including Mikania

glomerata Sprengel (31), Salvadora persica (32), Psidium
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cattleianum (33), Cymbopogon martinii (34), Thymus zygis (34),

Vitis vinifera (35), Triphala a herbal mixture of three plants

Terminalia bellerica, Terminalia chebula, and Emblica officinalis

(36), Camellia sinensis (Green Tea Polyphenols) (36), Psidium

guajava (37) and Allium sativum (38) were described. The

extracts were administered in various forms, including pure

extracts (38), aqueous extracts (33), ethanolic extracts (32, 33),

and essential oils (EOs) (34). Furthermore, some plant extracts

were diluted in dichloromethane (DCM) (31) or dimethyl

sulfoxide (DMSO) (35, 36), whereas others were delivered in the

form of nanoparticles (37) (Table 2).
3.2 Irrigant solutions were used as controls

Six studies used NaOCl as a positive control (32, 34–38) at

concentrations varying between 0.001% (32) and 5.25% (35, 37, 38),

whereas four studies used chlorhexidine (31, 33, 35, 37) (Table 2).
3.3 Microbial composition of the biofilms

Eight single species biofilms were described, using Enterococcus

faecalis (32–38), Porphyromonas gingivalis (31), Parvimonas micra

(31), Pseudomonas aeruginosa (32, 33), Actinomyces israelii (33),

Candida albicans (33), Streptococcus mitis (34) and Streptococcus

sanguinis (34). These biofilms were tested at different maturity

ages, ranging from 24 h (33) to six weeks (36). A two-week

multispecies biofilm composed of S. mitis, S. sanguinis, and

E. faecalis was described in one study (34). In terms of the origin

of the bacterial strains used to form the biofilms, reference strains

were used in four studies (33, 35, 37, 38), clinical isolates in three

studies (32, 34, 36), and one study combined both types of

strains (31) (Table 3).
3.4 Methods used for biofilm quantification

The minimum inhibitory biofilm concentration 50 (MICB 50)

(31), tube dilution method (36), crystal violet method (32, 34, 37),

and Anthone Bradford’s tests (37) were described as quantitative

approaches. The qualitative approaches involved confocal laser

scanning microscopy (32, 35), “Live/dead” bacterial viability test

(32), scanning electron microscopy (34) and fluorescence
frontiersin.org

https://doi.org/10.3389/fdmed.2024.1479953
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


FIGURE 1

PRISMA 2020 flow diagram illustrating the outcome of the electronic database search.

Diouchi et al. 10.3389/fdmed.2024.1479953
microscopy (38). In three studies, confocal laser scanning

microscopy results and scanning electron microscopy

results were converted into quantitative data by the authors

(32, 34, 35) (Table 4).
3.5 Biofilm disruption vs. inhibition of
biofilm formation

Three studies assessed the ability of plant extracts to inhibit

biofilm formation (31, 32, 37). Two studies examined the ability

of plant extracts to disturb already-formed biofilms (33, 35), and
Frontiers in Dental Medicine 04
three studies evaluated the dual capability of the extracts to both

disturb and inhibit biofilm formation (34, 36, 38) (Table 4).
3.6 Risk of bias assessment

Risk of bias assessment of the included studies was evaluated

and shown in Table 5; Figure 2. Four studies did not disclose the

volume of plant extract tested in their experiments (31, 32, 36, 38),

whereas two studies did not report the number of experimental

replications (31, 35). Moreover, one study did not report a negative

control, and the statistical test employed (31).
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TABLE 2 Overview of the detailed characteristics of the representative plant extracts and controls.

Author
and year

Name of the plant Plant extract Positive control Negative
control

Other
irrigants

Martins et al.
2018 (31)

Mikania glomerata Sprengel Dichloromethane (DCM) extract
Component 1: kaurenoic acid
Component 2: sodium salt
derivative of kaurenoic acid
(0.195 μg/ml to 0.4 mg/ml)

Chlorhexidine (0.115–59 μg/ml) Not specified –

Aljarbou et al.
2022 (32)

Salvadora persica Ethanolic extract (10 mg/ml–
10 μg/ml)

NaOCl (1% to 0,001%) BHI –

Prabhakar et al.
2010 (36)

Triphala terminalia bellerica,
Terminalia chebula, and Emblica
officinalis (Triphala) and Camellia
sinensis (Green tea Polyphenols)

Plant powder in 10%
dimethylsulfoxyde (DMSO)
(60 mg/ml)

3 ml of NaOCl (5%) 3 ml NaCl 3 ml MTAD

Massunari et al.
2017 (33)

Psidium cattleianum Groupe 1: Aqueous extract (PCAE)
obtained by decoction in deionized
water.
Groupe 2: hydroethanolic extract
(PCHE) (80 mg/ml)

Chlorhexidine (5× or 10× MLC) Amphotericin B
(5× or 10× MLC)

–

Marinković
et al. 2020 (34)

Cymbopogon martinii and Thymus
zygis

Essential oil dissolved in ethanol.
C. martinii (2.5 mg/ml)
T. zygis (10 mg/ml)

TAP Metronidazole 400 mg,
Ciprofloxacin 200 mg and
Minocycline 100 mg, mixed in the
ratio of 1:1:1 dissolved in sterile
distilled water.

NaCl 1st Protocol: 20 ml
NaOCl (1,5%)
2nd protocol:
10 ml NaOCl
(1,5%)

Fiallos et al.
2020 (35)

Vitis vinifera 6.5% grape seed extract dissolved in
DMSO and 70% ethyl alcohol

2 ml NaOCl (5,25%) NaCl 2 ml CHX (2%)

Birring et al.
2015 (38)

Allium sativum Pure extract of raw garlic (GE) used at
concentrations of 10%, 40%, and 70%

NaOCl (5,25%) NaCl –

Miglani and
Tani-Ishii
2021 (37)

Psidium guajava Selenium nanoparticles (SeNPs)
derived from ethanolic extract of
guava leaves. Group II: SeNPs
(1 mg/ml)

500 μl NaOCl (5.25%) Distilled water 500 μl CHX (2%)
and 500 μl Ca
(OH)2 (1 mg/ml)

TABLE 3 Overview on the bacterial characteristics of the biofilms, administration protocol and duration in the included studies.

Author
and year

Surfaces/
Models used
for the study

Studied biofilms Biofilm
age

Administration protocol Volume Time of
contact

Martins et al.
2018 (31)

Microtiter plates Single species biofilm of
Porphyromonas gingivalis (ATCC
33277) and Clinical isolates of
Parvimonas micra

24 h No protocol specified Not
specified

72 h

Aljarbou et al.
2022 (32)

96-well microtiter
plates

Single species biofilm of clinical
isolates of Pseudomonas aeruginosa
and Enterococcus faecalis

72 h No protocol specified (Components were
mixed)

Not
specified

60 min

Prabhakar et al.
2010 (36)

Premolars Single species biofilm of clinical
isolates of Enterococcus faecalis

3 weeks and
6 weeks

No protocol specified (the samples in
each group were immersed)

Not
specified

Not specified

Massunari et al.
2017 (33)

96-well microtiter
plates

Single species biofilm of Enterococcus
faecalis (ATCC51299) Actinomyces
israelii (ATCC 12102)
Pseudomonas aeruginosa (ATCC 15442)
Candida albicans (ATCC 26790)

Not
specified

No protocol specified 200 μl 24 h

Marinković
et al. 2020 (34)

96-well microtiter
plates and Premolars

Single species and multispecies biofilm
of clinical isolates of Streptococcus
mitis, Streptococcus sanguinis, and
Enterococcus faecalis

15 days Protocol A: 20 ml of the essential oil
based irrigant
Protocol B: 10 ml NaOCl (1.5%) followed
by 5 ml of the irrigant based essential oil
and 5 ml NaCl

Protocol A:
20 ml
Protocol B:
5 ml

10 min

Fiallos et al.
2020 (35)

24-well microtiter
plates and Human
Monoradicular root

Single species biofilm of Enterococcus
faecalis (ATCC 29212)

21 days No protocol specified (Dentinal disks
were immersed in Grape seed extract)

2 ml 10 min

Birring et al.
2015 (38)

Flat-bottomed 96-
well polystyrene
microtiterplates

Single species biofilm of Enterococcus
faecalis (ATCC 47077)

24 h, 1
week, and
3 weeks

No protocol specified (GE was
immediately added to E. faecalis
suspension to obtain 10%, 40%, and 70%
concentrations)

Not
specified

“Co treatment
Group”: 24 h
“24 h”, “1-week”,
and “3-week”
Groups: 10 min

Miglani and
Tani-Ishii 2021
(37)

96-well microtiter
plates

Single species biofilm of Enterococcus
faecalis (MTCC 439)

48 h No protocol specified (The cell culture was
then treated with different test groups)

500 μl 48 h

Diouchi et al. 10.3389/fdmed.2024.1479953
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TABLE 4 Overview of the experimental approaches and outcomes of assessment on the antibiofilm activity.

Author
and Year

Antibiofilm
activity
assessed

Experimental
approaches/Evaluation
Method

Outcome Plant extract
VS Control

group

Statistical
Analysis

performed
Martins et al.
2018 (31)

Inhibition of biofilm
formation

Minimum Inhibitory
Concentration Biofilm 50
(MICB50)

A biofilm reduction of both P.gingivalis
and P.micra by Kaurenoic Acid and its
sodium derivates.

Mikania glomerata
Sprengel <CHX
(0.115–59 μg/ml)

Not specified

Aljarbou et al.
2022 (32)

Inhibition of biofilm
formation

Crystal Violet biofilm Assay and
“Live/Dead” bacterial viability test
and Confocal Laser Scanning
Microscope

A biofilm reduction of E.faecalis biofilm
and P.aeruginosa biofilm by S.persica
extract at 10 mg/ml

Salvadora persica
<NaOCl (1%)

One-way analysis et test
post hoc de Tukey p <
0.05

Prabhakar et al.
2010 (36)

Inhibition of Biofilm
formation and Biofilm
disruption

Disc Dilution Method and Tube
Dilution Method

A total elimination of E.faecalis biofilm
with Triphala extract at the concentration
of 60 mg/ml

Triphala and GTP
<NaOCl (5%)

One-way analysis
Student “t”test using
SPSS software p < 0.05

Massunari et al.
2017 (33)

Biofilm disruption Microtiter plate Assay Total elimination of E.faecalis biofilm with
aqueous extract of P.cattleianum at 10×
MLC and its hydroethanolic extract at 5×
MLC and 10× MLC. Total elimination of
P.aeruginosa biofilm by hydroethanolic
extract of P.cattleianum at 40 mg/ml. Only
biofilm reduction of A. israelii by
hydroethanolic extract of P.cattleianum at
2.5 mg/ml.

Psidium cattleianum
>CHX (10× MLC)

Two-way ANOVA
complemented by
Tukey test

Marinković
et al. 2020 (34)

Inhibition of Biofilm
formation and Biofilm
disruption

In vivo: crystal violet assay and
Petri dish counting method.
Ex vivo: Scanning Electron
Microscopy

Single species biofilms Growth inhibition
of S.mitis biofilm by both C.martinii
(MIC, 2× MIC and 4× MIC) and T.zygis
(MIC). No significant growth inhibition of
S.sanguinis biofilm either by C. martinii or
T.zygis. Biofilm reduction of E. faecalis by
both C. martinii and T. zygis at 4× MIC.

Cymbopogon
martinii +NaOCl
(1,5%) >NaOCl
(1,5%) alone

One-way ANOVA

Multispecies biofilm Biofilm reduction by
C.martinii at 4× MIC Growth inhibition
by T.zygis at 10× MIC (protocol A)
Biofilm reduction by C.martinii at 10×
MIC (protocol B)

Fiallos et al.
2020 (35)

Biofilm disruption Laser Confocal Microscopy Biofilm reduction of E.faecalis by Vitis
vinifera grape seed extract at 6.5%

Vitis vinifera
<NaOCl (5,25%)

Test de Shapiro–Wilk
Tukey test ANOVA one
way

Birring et al.
2015 (38)

Inhibition of Biofilm
formation and Biofilm
disruption

Fluorescence Microscopy and
Microbial viability test

Both biofilm disruption and growth
inhibition of E.faecalis biofilm by garlic
extract at 70%

Allium sativum
≈NaOCl (5,25%)

ANOVA test using
SPSS Version 16
p < 0.05

Miglani and
Tani-Ishii 2021
(37)

Inhibition of Biofilm
formation

Viable Cell Count Crystal Violet
Antibiofilm Assay and Anthrone
Bradford’s tests

Growth inhibition of E.faecalis biofilm by
SeNPs at 1 mg/ml

Psidium guajava
(SeNPs) >NaOCl
(5.25%)

ANOVA test using
SPSS 24.0 and Student
paired “t” test p < 0.05

TABLE 5 Detailed overview of risk of bias assessment of eligible studies.

Author and
year

Experimental condition
(Control groups, and
type of extract)

Incomplete data
(Time of contact &
volume)

Blinding Standardization Reporting data
(Replicates &
statistical test)

Martins et al. 2018
(31)

Unclear (negative control not
mentioned)

Unclear (Volume not
mentioned)

High (not
mentioned)

High (administration protocol
not mentioned)

High (statistical test &
replicates not mentioned)

Aljarbou et al. 2022
(32)

Low Unclear (Volume not
mentioned)

High (not
mentioned)

Unclear Low

Prabhakar et al.
2010 (36)

Low High (Time of contact and
volume not mentioned)

High (not
mentioned)

Unclear Low

Massunari et al.
2017 (33)

Low Low High (not
mentioned)

High (administration protocol
not mentioned)

Low

Marinković et al.
2020 (34)

Low Low High (not
mentioned)

Low Low

Fiallos et al.
2020 (35)

Low Low High (not
mentioned)

Unclear Unclear \(replicates not
mentioned)

Birring et al.
2015 (38)

Low Unclear (Volume not
mentioned)

High (not
mentioned)

Unclear Low

Miglani and Tani-
Ishii 2021 (37)

Low Low High (not
mentioned)

Unclear Low

Diouchi et al. 10.3389/fdmed.2024.1479953
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FIGURE 2

Evaluation of the risks of bias of the included studies.

FIGURE 3

Illustration of the dental specimen used as substrate for biofilm growth. (A)Complete root; (B)Half of root; (C)Dentinal disks. Created with BioRender.com.

Diouchi et al. 10.3389/fdmed.2024.1479953
4 Discussion

This systematic review evaluated the antibiofilm efficacy of 12

extracts, from ten plants against endodontic biofilms formed in

vitro and ex vivo. The pooled data from eight studies revealed

enhanced antibiofilm activity of the extracts obtained from

Psidium cattleianum, Psidium guajava, Allium sativum, and
Frontiers in Dental Medicine 07
Cymbopogon martinii compared to conventional root canal

irrigants. However, a significant variation in the parameters

related to the tested plant extracts, evaluated biofilms, and

quantification methods was observed. Previous systematic reviews

showed similar variability among the included articles when

comparing herbal agents with sodium hypochlorite as root canal

irrigants either in ex vivo studies (25) or in clinical and
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randomized controlled trials (24), but none of the antibiofilm

parameters were investigated.

Concerning the plant extracts, the type of extracts and solvent

seemed to play a determining role, since a total biofilm elimination

was generally observed with the ethanolic extracts, while only

biofilm reduction was induced with the aqueous extracts of the

same plant at the same concentration. This was observed in our

study with P. cattleianum extracts at a concentration of 5× MLC

against a single-species biofilm of E. faecalis (33). Similar

observations have been reported for other plants and biofilms. For

instance, the ethanolic extract of Mangifera indica L showed higher

efficacy than the aqueous extract in reducing Staphylococcus spp.

biofilms (39). Moreover, the ethanolic extracts of Cytinus hypocistis

and Cytinus ruber had not only the strongest antibacterial effect on

Staphylococcus epidermidis but also total eradication, while the

aqueous extracts showed only antibacterial effects at higher

concentrations (40). Therefore, it can be proposed that the type of

plant extract is strongly related to the resulting antibiofilm efficacy.

In our study, different solvents were used for plant extract

suspension. Prabhakar et al. (36) and Fiallos et al. (35) used DMSO

for Triphala and V.vinifera extracts, while Marinković et al. (34)

employed ethanol for C.martinii and T.zygis EOs to assess their

antibiofilm effectiveness. These solvents possess inherent

antimicrobial properties that could potentially bias the results (41).

To address this, an independent evaluation of the solvent activity

should have been included to determine an optimal concentration

that dissolves the plant extract without significantly affecting tested

microbial strains. Consequently, DMSO and ethanol should serve as

controls. Otherwise, the absence of such controls may compromise

the validity of findings, as antibiofilm efficacy might be partially

attributed to the solvent. Additionally, in our study, Miglani and

Tani-Ishii utilized guava leaves extract in the form of selenium

nanoparticles. The outcomes showed superior antibiofilm efficacy

compared to NaOCl at a concentration of 5.25% and CHX at a

concentration of 2% (37). In fact, similar favorable outcomes have

been observed in the literature when using nanotechnology-based

delivery systems (42–44). Marinkovic et al. explored the potential of

Cymbopogon citratus EO nanoemulsion as an auxiliary root canal

disinfectant within the root canals of extracted teeth against

E. faecalis biofilms. The results demonstrated the significant

potential of the nanoemulsion form of EO as an irrigant compared

with the use of the pure form of EO (45). These advantages may

be attributed to the increase in surface area and enhanced

bioactivity of natural compounds when used at the nanoscale (46–48).

Several variations were also observed in the tested biofilms,

including age, number of species in the biofilm, composition,

origin, and the substratum used for biofilm cultivation. Regarding

the age of the biofilm, our study confirmed that the bacteria in

mature biofilms are more resistant to plant extracts than those in

young biofilms. Prabhakar et al. showed that Triphala extract

eliminated the biofilm completely at three weeks of growth, while

only reducing it at six weeks of growth (36). Similar findings were

reported for Streptococcus aureus and P. aeruginosa biofilms, as

young biofilms of 24 h were more easily eradicated than older

biofilms of 72 h, given that the biofilm matrix thickness increases

with age (49, 50). Thus, it is essential to standardize the biofilm
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age when comparing the antibiofilm activity of different plant

extracts due to the influence of biofilm age on biofilm biomass,

thickness, cell count, and antibiofilm resistance. Stojicic suggested

a three-week period of maturation when evaluating the

antimicrobial activity of irrigants in in vitro or ex vivo

experiments (51). In our study, the biofilms were composed of

single species. Only one study described a multispecies biofilm

(34). An in vitro or ex vivo biofilm model should be designed so

that the findings can be extrapolated to clinical practice. A

relatively simple model, such as a single species biofilm, may offer

the advantage of simplicity and reproducibility; however,

multispecies biofilms provide greater complexity, virulence,

resistance, and more a more realistic representation of the

biological systems in infected root canals. Therefore, it is

recommended that future studies evaluate the antibiofilm effect of

plant extracts in vitro using multispecies endodontic-like biofilm

models to more closely simulate clinical reality (52). The included

studies in this systematic review explored different bacteria

typically found in primary or persistent root canal

infections. E. faecalis was the most frequently tested species, either

alone or in combination with other bacteria due to its popular

pathogenicity in endodontology (53, 54). Only Massunari et al.

tested a Candida albicans biofilm (33), as it is the most involved

fungus in persistent and refractory root canal infections (55, 56).

In the included studies, laboratory reference strains were mostly

used to form biofilms, which offers high reproducibility because of

their well-known genome sequences and properties. However,

these strains present significant genetic and phenotypic differences

compared to their clinical counterparts, primarily due to

adaptative changes after being sub-cultured several times since

their first isolation (57, 58). In contrast, three studies reported the

use of wild clinical isolates (31, 33, 35) and one study used both

types of strains (30). Furthermore, to study the antibiofilm efficacy

of plant extracts, various substrate models have been used to grow

biofilms. Polystyrene microtiter plates were used as synthetic

surfaces (31–33). For natural surfaces, dental substrates have been

described in three different forms: dentinal disks (35), complete

roots (34), and half of roots (36) (Figure 3). While human dentin

represents the natural environment of the biofilm, the extracted

teeth used in these experiments usually originate from different

individuals, introducing variability in dentin structure and

composition (anatomy and age). This variability is not the case

when nonbiological materials are used as substrates (52). However,

the latter could alter the initial stage of biofilm formation since

receptors on dentin are essential for bacterial adherence. To limit

bias, standardization of the substrates could be proposed either for

the synthetic ones using hydroxyapatite pretreatment or the use of

comparable dental specimens, such as bovine root incisors (49).

Since biofilm removal is the preferred outcome in endodontic

therapy, it is crucial to distinguish antimicrobial activity from

antibiofilm activity. The antimicrobial activity could be considered a

component of antibiofilm activity, as some plant extracts may exhibit

potent activity against planktonic cells but little or no activity against

biofilms (59, 60). For example, in our study, Prabhakar showed that

extracts of Triphala and GTP exhibited similar antibacterial activity

against E. faecalis strains with comparable MICs but showed
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different antibiofilm effects even at the same extract concentration and

biofilm age (36). This difference in activity could be attributed to the

presence of a polymeric matrix barrier in biofilms that could be

selective according to the plant extract (2, 61) or to the presence of a

specific compound in the plant extract with specific biofilm-related

responses, resulting in a higher antibiofilm activity. These findings

highlight the importance of considering not only antibacterial assays,

but also antibiofilm assays when assessing the effectiveness of plant

extracts. To assess the efficacy of plant extracts against biofilms,

some studies have explored their potential in inhibiting biofilm

formation, whereas others have focused on their ability to disturb

established biofilms. It is important to evaluate the ability of plant-

based root canal extracts to inhibit biofilm formation and disrupt

biofilms to better understand their mechanism of action (60, 62).

Furthermore, various quantitative and qualitative techniques have

been employed to assess the antibiofilm effectiveness of different

plant extracts, with culture and microscopy techniques being the

most commonly used. However, it is recommended to use a

combination of two or more complementary methods to draw

conclusions about antimicrobial or antibiofilm effects (49, 63).
4.1 Qualitative review

Assessment of the antibiofilm efficacy of plant extracts against

endodontic-like biofilms revealed that extracts of P. cattleianum

(33) and P. guajava (SeNPs) (37) exhibited superior efficacy

compared to chlorhexidine and NaOCl, respectively. A. sativum

demonstrated comparable efficacy to NaOCl (38). Furthermore,

the combination of C. martinii extract and NaOCl was found to

be more effective than either alone (34). However, the other plant

extracts, such as M. sprengel, S. persica, C. sinensis and V. vinifera

showed lesser efficiency than the comparison group (31, 32, 35,

36). Hence, it is impossible to conclude on a favorable plant-based

irrigant, as there were multiple variations in the included studies.

However, this review thoroughly identified the key factors to be

considered when evaluating the efficacy of plant extracts for root

canal disinfection. Furthermore, it provides a comprehensive

summary of the medicinal plants tested for antibiofilm activity for

potential use as auxiliary root canal irrigants.
4.2 Quantitative review

Due to substantial methodological differences between the

included studies, a meta-analysis could not be performed. The

heterogeneity and variability of the collected data, such as the

type of plant extract, biofilm models, and evaluation methods,

made it difficult to conduct a meta-analysis.
5 Limitations

This systematic review disclosed various shortcomings and

limitations in the studies investigating the effectiveness of plant

extracts against endodontic biofilms. When employing the JBI
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checklist for risk of bias assessment, essential details, including the

time of contact with the irrigant, the volumes utilized, and the

appropriate controls were absent in several studies. Additionally, the

findings of this systematic review were limited by the heterogeneity of

the parameters employed, such as the type of extract, biofilm models,

and the quantification methods. In addition, the overall quality of the

studies reviewed was variable, with a limited number of high-quality

studies meeting the inclusion criteria. Thus, this review emphasizes

the importance of conducting well-designed studies and stresses the

need for more rigorous protocols in future research.
6 Conclusions

This systematic review qualitatively synthesized eight heterogeneous

studies to assess the antibiofilm effectiveness of plant extracts against

single and multispecies biofilms. The study showed that while all

plant extracts exhibited either a biofilm disruption and/or inhibition

of biofilm formation, they were less effective compared to the control

group except for P. cattleianum and P.guajava. The results described

should be carefully analyzed and compared due to high variety in

methodological parameters. This review emphasizes the importance to

improve both on the reporting and the methodological aspects of the

studies in order to elevate the level of certainty in evidence, thereby

contributing significantly to clinical applications.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

JD: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Visualization, Writing – original

draft, Writing – review & editing. BT: Conceptualization,

Resources, Supervision, Validation, Writing – review & editing.

SG: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Project administration, Supervision,

Validation, Writing – original draft, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fdmed.2024.1479953
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


Diouchi et al. 10.3389/fdmed.2024.1479953
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Dental Medicine 10
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Siqueira JF Jr, Rôças IN. Present status and future directions: microbiology of
endodontic infections. Int Endod J. (2022) 55:512–30. doi: 10.1111/iej.13677

2. Jefferson KK. What drives bacteria to produce a biofilm? FEMS Microbiol Lett.
(2004) 236(2):163–73. doi: 10.1111/j.1574-6968.2004.tb09643.x

3. Guzzo F, Scognamiglio M, Fiorentino A, Buommino E, D’Abrosca B. Plant
derived natural products against Pseudomonas aeruginosa and Staphylococcus
aureus: antibiofilm activity and molecular mechanisms. Molecules. (2020) 25
(21):5024. doi: 10.3390/molecules25215024

4. Lu L, Hu W, Tian Z, Yuan D, Yi G, Zhou Y, et al. Differential proteomics for
studying action mechanisms of traditional Chinese medicines. Chin Med. (2019)
14:1–17. doi: 10.1186/s13020-018-0223-8

5. Siqueira JF Jr. Aetiology of root canal treatment failure: why well-treated teeth can
fail. Int Endod J. (2001) 34(1):1–10. doi: 10.1046/j.1365-2591.2001.00396.x

6. Touré B, Faye B, Kane AW, Lo CM, Niang B, Boucher Y. Analysis of reasons for
extraction of endodontically treated teeth: a prospective study. J Endod. (2011) 37
(11):1512–5. doi: 10.1016/j.joen.2011.07.002

7. Burns LE, Kim J, Wu Y, Alzwaideh R, McGowan R, Sigurdsson A. Outcomes of
primary root canal therapy: an updated systematic review of longitudinal clinical
studies published between 2003 and 2020. Int Endod J. (2022) 55(7):714–31.
doi: 10.1111/iej.13736

8. Siqueira JF Jr, Rôças IN, Paiva SS, Guimarães-Pinto T, Magalhães KM, Lima KC.
Bacteriologic investigation of the effects of sodium hypochlorite and chlorhexidine
during the endodontic treatment of teeth with apical periodontitis. Oral Radiol
Endodontol\. (2007) 104(1):122–30. doi: 10.1016/j.tripleo.2007.01.027

9. Clarkson RM, Podlich HM, Savage NW, Moule AJ. A survey of sodium
hypochlorite use by general dental practitioners and endodontists in Australia. Aust
Dent J. (2003) 48(1):20–6. doi: 10.1111/j.1834-7819.2003.tb00004.x

10. Unal GC, Kaya BU, Tac AG, Kececi AD. Survey of attitudes, materials and
methods preferred in root canal therapy by general dental practice in Turkey: part
1. Eur J Dent. (2012) 6(4):376–84. doi: 10.1055/s-0039-1698975

11. de Gregorio C, Arias A, Navarrete N, Cisneros R, Cohenca N. Differences in
disinfection protocols for root canal treatments between general dentists and
endodontists. J Am Dent Assoc. (2015) 146(7):536–43. doi: 10.1016/j.adaj.2015.01.027

12. Rosen E, Tsesis I, Elbahary S, Storzi N, Kolodkin-Gal I. Eradication of
Enterococcus faecalis biofilms on human dentin. Front Microbiol. (2016) 7:2055.
doi: 10.3389/fmicb.2016.02055

13. Coaguila-Llerena H, Denegri-Hacking A, Lucano-Tinoco L, Mendiola-Aquino
C, Faria G. Accidental extrusion of sodium hypochlorite in a patient taking
alendronate: a case report with an 8-year follow-up. J Endod. (2021) 47
(12):1947–52. doi: 10.1016/j.joen.2021.09.014

14. Cecchin D, Soares Giaretta V, Granella Cadorin B, Albino Souza M, Vidal
CDMP, Paula Farina A. Effect of synthetic and natural-derived novel endodontic
irrigant solutions on mechanical properties of human dentin. J Mater Sci: Mater
Med. (2017) 28:1–6. doi: 10.1007/s10856-017-5960-1

15. Cullen JK, Wealleans JA, Kirkpatrick TC, Yaccino JM. The effect of 8.25%
sodium hypochlorite on dental pulp dissolution and dentin flexural strength and
modulus. J Endod. (2015) 41(6):920–4. doi: 10.1016/j.joen.2015.01.028

16. Gu LS, Huang XQ, Griffin B, Bergeron BR, Pashley DH, Niu LN, et al. Primum
non nocere – the effects of sodium hypochlorite on dentin as used in endodontics.
Acta Biomater. (2017) 61:144–56. doi: 10.1016/j.actbio.2017.08.008

17. Scott MB II, Zilinski GS, Kirkpatrick TC, Himel VT, Sabey KA, Lallier TE. The
effects of irrigants on the survival of human stem cells of the apical papilla, including
endocyn. J Endod. (2018) 44(2):263–8. doi: 10.1016/j.joen.2017.09.001

18. Sariyilmaz E, Sivas Yilmaz Ö, Keskin C, Keleş A. Effect of sodium hypochlorite
and chlorhexidine irrigating solutions and their inactivating agents on the push-out
bond strength of mineral trioxide aggregate. Biomed Mater Eng. (2019) 30
(3):279–85. doi: 10.3233/BME-191051

19. Widbiller M, Althumairy RI, Diogenes A. Direct and indirect effect of
chlorhexidine on survival of stem cells from the apical papilla and its
neutralization. J Endod. (2019) 45(2):156–60. doi: 10.1016/j.joen.2018.11.012

20. Moghadam ET, Yazdanian M, Tahmasebi E, Tebyanian H, Ranjbar R,
Yazdanian A, et al. Current herbal medicine as an alternative treatment in
dentistry: in vitro, in vivo and clinical studies. Eur J Pharmacol. (2020) 889:173665.
doi: 10.1016/j.ejphar.2020.173665
21. Nagy-Bota MC, Man A, Santacroce L, Brinzaniuc K, Pap Z, Pacurar M, et al.
Essential oils as alternatives for root-canal treatment and infection control against
enterococcus faecalis—a preliminary study. Appl Sci. (2021) 11(4):1422. doi: 10.
3390/app11041422

22. Karataş E, Kol E, Bayrakdar İŞ, Arslan H. The effect of chloroform, orange oil
and eucalyptol on root canal transportation in endodontic retreatment. Aust Endod
J. (2016) 42(1):37–40. doi: 10.1111/aej.12126

23. Terauchi Y, AliWT, AbielhassanMM. Present status and future directions: removal
of fractured instruments. Int Endod J. (2022) 55:685–709. doi: 10.1111/iej.13743

24. Susila AV, Sai S, Sharma N, Balasubramaniam A, Veronica AK, Nivedhitha S.
Can natural irrigants replace sodium hypochlorite? A systematic review. Clin Oral
Investig. (2023) 27(5):1831–49. doi: 10.1007/s00784-023-04913-7

25. Teja KV, Janani K, Srivastava KC, Shrivastava D, Jose J, Marya A, et al.
Comparison of herbal agents with sodium hypochlorite as root canal irrigant: a
systematic review of in vitro studies. Evid Based Complement Alternat Med. (2021)
2021:8967219. doi: 10.1155/2021/8967219

26. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. Updating guidance for reporting systematic reviews: development of the
PRISMA 2020 statement. J Clin Epidemiol. (2021) 134:103–12. doi: 10.1016/j.
jclinepi.2021.02.003

27. Teja KV, Janani K, Alqahtani AA, Robaian A, Alhalabi F, Merdad KA, et al.
Herbal agents versus ethylene diamine tetra acetic acid on removal of the smear
layer—a systematic review of in vitro studies. Int J Environ Res Public Health.
(2022) 19(11):6870. doi: 10.3390/ijerph19116870

28. Pradhan MS, Gunwal M, Shenoi P, Sonarkar S, Bhattacharya S, Badole G.
Evaluation of pH and chlorine content of a novel herbal sodium hypochlorite for
root canal disinfection: An experimental In vitro study. Contemp Clin Dent. (2018)
9(Supp 1):S74–8. doi: 10.4103/ccd.ccd_60_18

29. Abdollahi-Mansoorkhani HR, Soleimani F, Mahmoudi F. A multi-criteria
approach for comparison of ginger extract and conventional irrigants in root canal
treatment. Cureus. (2022) 14:9. doi: 10.7759/cureus.29327

30. Yuanita T, Oktavianti RA, Suryani DF, Rukmo M, Kunarti S, Kusuma AH. The
inhibitory ability of cocoa pod husk extract on Enterococcus faecalis
glucosyltransferase enzyme activity. J Contemp Dent Pract. (2020) 21(3):271–6.
doi: 10.5005/jp-journals-10024-2786

31. Martins CH, Abrão F, Moraes TS, Oliveira PF, Tavares DC, Magalhães LG, et al.
Kaurenoic acid and its sodium salt derivative: antibacterial activity against
Porphyromonas gingivalis and their mechanism of action. Future Microbiol. (2018)
13:1585–601. doi: 10.2217/fmb-2018-0140

32. Aljarbou F, Niazy AA, Lambarte RNA, Mothana RA, Binrayes A, Al-Obaida M,
et al. Efficacy of Salvadora persica root extract as an endodontic irrigant–an in vitro
evaluation. J Herb Med. (2022) 34:100564. doi: 10.1016/j.hermed.2022.100564

33. Massunari L, Novais RZ, Oliveira MT, Valentim D, Dezan E, Duque C.
Antimicrobial activity and biocompatibility of the psidium cattleianum extracts for
endodontic purposes. Braz Dent J. (2017) 28:372–9. doi: 10.1590/0103-6440201601409

34. Marinković J, Ćulafić DM, Nikolić B, Đukanović S, Marković T, Tasić G, et al.
Antimicrobial potential of irrigants based on essential oils of Cymbopogon martinii
and Thymus zygis towards in vitro multispecies biofilm cultured in ex vivo root
canals. Arch Oral Biol. (2020) 117:104842. doi: 10.1016/j.archoralbio.2020.104842

35. Fiallos NM, Cecchin D, de Lima CO, Hirata R Jr, Silva EJNL, Sassone LM.
Antimicrobial effectiveness of grape seed extract against Enterococcus faecalis
biofilm: a confocal laser scanning microscopy analysis. Aust Endod J. (2020) 46
(2):191–6. doi: 10.1111/aej.12390

36. Prabhakar J, Senthilkumar M, Priya MS, Mahalakshmi K, Sehgal PK, Sukumaran
VG. Evaluation of antimicrobial efficacy of herbal alternatives (triphala and green tea
polyphenols), MTAD, and 5% sodium hypochlorite against Enterococcus faecalis
biofilm formed on tooth substrate: an in vitro study. J Endod. (2010) 36(1):83–6.
doi: 10.1016/j.joen.2009.09.040

37. Miglani S, Tani-Ishii N. Biosynthesized selenium nanoparticles: characterization,
antimicrobial, and antibiofilm activity against Enterococcus faecalis. PeerJ. (2021) 9:
e11653. doi: 10.7717/peerj.11653

38. Birring OJ, Viloria IL, Nunez P. Anti-microbial efficacy of Allium sativum
extract against entero-coccus faecalis biofilm and its penetration into the root
dentin: an in vitro study. Indian J Dent Res. (2015) 26(5):477–82. doi: 10.4103/
0970-9290.172041
frontiersin.org

https://doi.org/10.1111/iej.13677
https://doi.org/10.1111/j.1574-6968.2004.tb09643.x
https://doi.org/10.3390/molecules25215024
https://doi.org/10.1186/s13020-018-0223-8
https://doi.org/10.1046/j.1365-2591.2001.00396.x
https://doi.org/10.1016/j.joen.2011.07.002
https://doi.org/10.1111/iej.13736
https://doi.org/10.1016/j.tripleo.2007.01.027
https://doi.org/10.1111/j.1834-7819.2003.tb00004.x
https://doi.org/10.1055/s-0039-1698975
https://doi.org/10.1016/j.adaj.2015.01.027
https://doi.org/10.3389/fmicb.2016.02055
https://doi.org/10.1016/j.joen.2021.09.014
https://doi.org/10.1007/s10856-017-5960-1
https://doi.org/10.1016/j.joen.2015.01.028
https://doi.org/10.1016/j.actbio.2017.08.008
https://doi.org/10.1016/j.joen.2017.09.001
https://doi.org/10.3233/BME-191051
https://doi.org/10.1016/j.joen.2018.11.012
https://doi.org/10.1016/j.ejphar.2020.173665
https://doi.org/10.3390/app11041422
https://doi.org/10.3390/app11041422
https://doi.org/10.1111/aej.12126
https://doi.org/10.1111/iej.13743
https://doi.org/10.1007/s00784-023-04913-7
https://doi.org/10.1155/2021/8967219
https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.3390/ijerph19116870
https://doi.org/10.4103/ccd.ccd_60_18
https://doi.org/10.7759/cureus.29327
https://doi.org/10.5005/jp-journals-10024-2786
https://doi.org/10.2217/fmb-2018-0140
https://doi.org/10.1016/j.hermed.2022.100564
https://doi.org/10.1590/0103-6440201601409
https://doi.org/10.1016/j.archoralbio.2020.104842
https://doi.org/10.1111/aej.12390
https://doi.org/10.1016/j.joen.2009.09.040
https://doi.org/10.7717/peerj.11653
https://doi.org/10.4103/0970-9290.172041
https://doi.org/10.4103/0970-9290.172041
https://doi.org/10.3389/fdmed.2024.1479953
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


Diouchi et al. 10.3389/fdmed.2024.1479953
39. Manzur AG, Sm Junior V, Morais-Costa F, Mariano EG, Careli RT, da Silva LM,
et al. Extract of Mangifera indica L. leaves may reduce biofilms of Staphylococcus spp.
in stainless steel and teatcup rubbers. Food Sci Technol Int. (2020) 26(1):11–20. doi: 10.
1177/1082013219858529

40. Maisetta G, Batoni G, Caboni P, Esin S, Rinaldi AC, Zucca P. Tannin profile,
antioxidant proper-ties, and antimicrobial activity of extracts from two
Mediterranean species of parasitic plant Cytinus. BMC Complement Altern Med.
(2019) 19(1):82. doi: 10.1186/s12906-019-2487-7

41. Liu J, Zhang H, Zhang L, Li T, Liu N, Liu Q. Effect of various concentrations of
common organic solvents on the growth and proliferation ability of Candida glabrata
nd their permissible limits for addition in drug susceptibility testing. PeerJ. (2023) 11:
e16444. doi: 10.7717/peerj.16444

42. Jeong YJ, Kim HE, Han SJ, Choi JS. Antibacterial and antibiofilm activities of
cinnamon essential oil nanoemulsion against multi-species oral biofilms. Sci Rep.
(2021) 11(1):5911. doi: 10.1038/s41598-021-85375-3

43. Kishen A, Shi Z, Shrestha A, Neoh KG. An investigation on the antibacterial and
antibiofilm efficacy of cationic nanoparticulates for root canal disinfection. J Endod.
(2008) 34(12):1515–20. doi: 10.1016/j.joen.2008.08.035

44. Raura N, Garg A, Arora A, Roma M. Nanoparticle technology and its
implications in endodontics: a review. Biomater Res. (2020) 24(1):21. doi: 10.1186/
s40824-020-00198-z

45. Marinković J, Nikolić B, Marković T, Radunović M, Ilić J, Bošković M, et al.
Cymbopogon citratus essential oil: an active principle of nanoemulsion against
Enterococcus faecalis root canal biofilm. Future Microbiol. (2021) 16:907–18. doi: 10.
2217/fmb-2021-0081

46. Watkins R, Wu L, Zhang C, Davis RM, Xu B. Natural product-based
nanomedicine: recent advances and issues. Int J Nanomed. (2015) 10:6055–74.
doi: 10.2147/IJN.S92162

47. Basak S, Guha P. A review on antifungal activity and mode of action of essential
oils and their delivery as nano-sized oil droplets in food system. J Food Sci Technol.
(2018) 55(12):4701–10. doi: 10.1007/s13197-018-3394-5

48. Moghimi R, Ghaderi L, Rafati H, Aliahmadi A, McClements DJ. Superior
antibacterial activity of nanoemulsion of Thymus daenensis essential oil against
E. coli. Food Chem. (2016) 194:410–5. doi: 10.1016/j.foodchem.2015.07.139

49. Boutsioukis C, Arias-Moliz MT. Present status and future directions–irrigants
and irrigation methods. Int Endod J. (2022) 55:588–612. doi: 10.1111/iej.13739

50. Chen X, Thomsen TR, Winkler H, Xu Y. Influence of biofilm growth age, media,
antibiotic concentration and exposure time on Staphylococcus aureus and
Pseudomonas aeruginosa biofilm removal in vitro. BMC Microbiol. (2020) 20
(1):264. doi: 10.1186/s12866-020-01947-9
Frontiers in Dental Medicine 11
51. Stojicic S, Shen Y, Haapasalo M. Effect of the source of biofilm bacteria, level of
biofilm maturation, and type of disinfecting agent on the susceptibility of biofilm
bacteria to antibacterial agents. J Endod. (2013) 39(4):473–7. doi: 10.1016/j.joen.
2012.11.024

52. Swimberghe RCD, Coenye T, De Moor RJG, Meire MA. Biofilm model systems
for root canal disinfection: a literature review. Int Endod J. (2019) 52(5):604–28.
doi: 10.1111/iej.13050

53. Alghamdi F, Shakir M. The influence of Enterococcus faecalis as a dental root
canal pathogen on endodontic treatment: a systematic review. Cureus. (2020) 12(3):
e7257. doi: 10.7759/cureus.7257

54. Prada I, Micó-Muñoz P, Giner-Lluesma T, Micó-Martínez P, Collado-Castellano
N, Manzano-Saiz A. Influence of microbiology on endodontic failure. Literature
review. Med Oral Patol Oral Cir Bucal. (2019) 24(3):e364–72. doi: 10.4317/medoral.
22907

55. Yoo YJ, Kim AR, Perinpanayagam H, Han SH, Kum KY. Candida albicans
virulence factors and pathogenicity for endodontic infections. Microorganisms.
(2020) 8(9):1300. doi: 10.3390/microorganisms8091300

56. Persoon IF, Crielaard W, Özok AR. Prevalence and nature of fungi in root canal
infections: a systematic review and meta-analysis. Int Endod J. (2017) 50(11):1055–66.
doi: 10.1111/iej.12730

57. Fux CA, Shirtliff M, Stoodley P, Costerton JW. Can laboratory reference strains
mirror “real-world” pathogenesis? Trends Microbiol. (2005) 13(2):58–63. doi: 10.1016/
j.tim.2004.11.001

58. Chandler CE, Horspool AM, Hill PJ, Wozniak DJ, Schertzer JW, Rasko DA, et al.
Genomic and phenotypic diversity among ten laboratory isolates of Pseudomonas
aeruginosa PAO1. J Bacteriol. (2019) 201(5):e00595–18. doi: 10.1128/JB.00595-18

59. Miquel S, Lagrafeuille R, Souweine B, Forestier C. Anti-biofilm activity as a
health issue. Front Microbiol. (2016) 7:184183. doi: 10.3389/fmicb.2016.00592

60. Roy R, Tiwari M, Donelli G, Tiwari V. Strategies for combating bacterial
biofilms: a focus on anti-biofilm agents and their mechanisms of action. Virulence.
(2018) 9(1):522–54. doi: 10.1080/21505594.2017.1313372

61. Mah TF, O’Toole GA. Mechanisms of biofilm resistance to antimicrobial agents.
Trends Microbiol. (2001) 9(1):34–9. doi: 10.1016/S0966-842X(00)01913-2

62. Vishwakarma A, Dang F, Ferrell A, Barton HA, Joy A. Peptidomimetic
polyurethanes inhibit bacterial biofilm formation and disrupt surface established
biofilms. J Am Chem Soc. (2021) 143. doi: 10.1021/jacs.1c02324

63. Diouchi J, Marinković J, Nemoda M, El Rhaffari L, Toure B, Ghoul S. In vitro
methods for assessing the anti-bacterial and antibiofilm properties of essential oils
as potential root canal irrigants—a simplified description of the technical steps.
Methods Protocols. (2024) 7(4):50. doi: 10.3390/mps7040050
frontiersin.org

https://doi.org/10.1177/1082013219858529
https://doi.org/10.1177/1082013219858529
https://doi.org/10.1186/s12906-019-2487-7
https://doi.org/10.7717/peerj.16444
https://doi.org/10.1038/s41598-021-85375-3
https://doi.org/10.1016/j.joen.2008.08.035
https://doi.org/10.1186/s40824-020-00198-z
https://doi.org/10.1186/s40824-020-00198-z
https://doi.org/10.2217/fmb-2021-0081
https://doi.org/10.2217/fmb-2021-0081
https://doi.org/10.2147/IJN.S92162
https://doi.org/10.1007/s13197-018-3394-5
https://doi.org/10.1016/j.foodchem.2015.07.139
https://doi.org/10.1111/iej.13739
https://doi.org/10.1186/s12866-020-01947-9
https://doi.org/10.1016/j.joen.2012.11.024
https://doi.org/10.1016/j.joen.2012.11.024
https://doi.org/10.1111/iej.13050
https://doi.org/10.7759/cureus.7257
https://doi.org/10.4317/medoral.22907
https://doi.org/10.4317/medoral.22907
https://doi.org/10.3390/microorganisms8091300
https://doi.org/10.1111/iej.12730
https://doi.org/10.1016/j.tim.2004.11.001
https://doi.org/10.1016/j.tim.2004.11.001
https://doi.org/10.1128/JB.00595-18
https://doi.org/10.3389/fmicb.2016.00592
https://doi.org/10.1080/21505594.2017.1313372
https://doi.org/10.1016/S0966-842X(00)01913-2
https://doi.org/10.1021/jacs.1c02324
https://doi.org/10.3390/mps7040050
https://doi.org/10.3389/fdmed.2024.1479953
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

	Antibiofilm efficacy of plant extracts as root canal irrigants in endodontics: a systematic literature review
	Introduction
	Materials and methods
	Research question
	PICO elements
	Search strategy
	Selection criteria
	Data extraction
	Risk of bias assessment

	Results
	Plant extracts
	Irrigant solutions were used as controls
	Microbial composition of the biofilms
	Methods used for biofilm quantification
	Biofilm disruption vs. inhibition of biofilm formation
	Risk of bias assessment

	Discussion
	Qualitative review
	Quantitative review

	Limitations
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


