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Introduction: Foraminal Enlargement (FE) is a cleaning performed in the apical-most region of the
tooth, in order to optimize root disinfection. This systematic review evaluated the influence of FE
during root canal treatment on bacterial reduction and repair of the periapical lesion. Materials and
Methods: Searches in PubMed/MEDLINE, Scopus, Cochrane Library, Web of Science, Embase, Scielo,
Lilacs and OpenGrey were performed until January-2024. Ex vivo and in vivo studies evaluating the
effects of FE in the bacterial reduction and repair of the periapical lesion were included, respectively,
followed by risk of bias assessment (modified version of Joanna Briggs Institute’s for ex vivo studies and
Systematic Review Centre for Laboratory animal Experimentation’s risk of bias tools for in vivo studies).
The meta-analysis was not feasible and a qualitative summary for each outcome was provided. Results:
Of 950 studies, 2 in vivo studies were eligible, using animal models with infected teeth. Of these two,
periapical repair was evaluated with hematoxylin-eosin stain, and FE improved periapical healing.
Regarding ex vivo studies, 3 were eligible, using extracted human teeth. The inoculations in ex vivo
models were performed with Enterococcus (E.) faecalis, and FE reduced E. faecalis in the ex vivo models.
Conclusions: Foraminal enlargement seems to increase bacterial reduction within the root canal, and
provide major periapical tissue repair on the histological analysis in animal studies. However, caution
is necessary when translating these results to the clinical environment.
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Introduction

Besides bacterial infection, anatomic complexities might also
hinder the capability of clinicians to achieve adequate root

Apical periodontitis can cause discomfort for the patient,
such as pain and facial swelling [1]. However, despite the
high success rate of conventional endodontic treatment, failures
can occur due to the persistence of harmful bacterial biofilms
within the root canal system [2-4]. To manage the infection and
achieve healing of inflamed periradicular tissues, a significant
reduction in the number of microorganisms inside the root
canal to a level below the threshold that has pathogenic
potential, is necessary [4]. In addition to a hermetic filling to
prevent the penetration of microorganisms into the root canal
system, a satisfactory root canal preparation is also important.

disinfection, which negatively affects the desired treatment goals
[4-6]. Hence, nonsurgical attempts to treat a tooth with apical
periodontitis have been investigated [7, 8]. The determination of
the working length and the possibility of performing apical
enlargement during root canal preparation may influence the
disinfection of the apical-most region of the affected tooth, and
therefore, might interfere with the tissue healing process [9-11].

Foraminal enlargement (FE) involves the mechanical
instrumentation of the apical foramen, and can be performed by
increasing the diameter of instruments in the apical stop when the
working length is established in the foramen, or when adopting a
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working length beyond the apical foramen [12, 13]. This
procedure aims to improve the removal of bacteria within the root
canal, including the apical foramen area, in which some cases of
persistent symptoms have been related to the endurance of
extraradicular infection [14].

Although some articles point out the importance of
performing FE for microbial reduction [7, 8], this step is not
always possible to perform, due to anatomical complications
[15]. Additionally, FE has been associated with some concerns,
such as the possibility of foraminal deviation and injury to the
periapical tissues, indicating that root canal instrumentation
should be performed up to apical constriction [16-18].
Regarding this controversial data, this systematic review
carried out a search on experimental and animal studies aimed
at investigating the influence of FE during root canal
preparation on bacterial reduction and repair of periapical
lesions in comparison with root canal preparation without FE.

Materials and Methods

Protocol

This systematic review was carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) [19]. The research protocol was registered
at the International Prospective Register of Systematic Review
(PROSPERO) database (CRD42022292017).

Eligibility criteria

Inclusion criterion was in vivo and/or ex vivo studies that
evaluated the effects of FE on periapical lesion healing of the
root canal system or microbial reduction. The exclusion
criteria were: I) studies without a control/comparative group
and 2) studies for which the full text was not available. There
were no restrictions on the language and publication date.

For the in vivo studies, the population, intervention,
comparison, and outcome factors (PICO) approach was used
to address the following question: “Does FE during endodontic
treatment of animal teeth with apical periodontitis influence
and/or the
microorganisms compared to root canal preparation without

the healing of periapical lesion reduce
FE?”. The study population (P) were animal teeth with apical
periodontitis; The intervention (I) was root canal preparation
with FE; The comparison (C) was root canal preparation
without FE or instrumentation with different diameters of the
root foramen; The evaluated outcomes (O) were healing of the
periapical lesion and/or reduction in the number of
microorganisms within the root canal.

Regarding the ex vivo studies, the population, intervention,
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comparison, and outcome factors (PICO) approach was used
to address the following question: “Does FE during endodontic
treatment of extracted and infected human teeth influence the
reduction of microorganisms compared to root canal
preparation without FE?”. The study population (P) were
extracted human teeth with bacterial inoculation; the
intervention (I) was root canal preparation with FE; the
comparison (C) was root canal preparation without FE or
instrumentation with different diameters of the root foramen;
the evaluated outcome (O) was a reduction in the number of
microorganisms within the root canal.

Search strategy and information sources

Electronic searches were conducted in the
PubMed/MEDLINE, Scopus, Cochrane Library, Web of
Science, Embase, Scielo and Lilacs databases up to January-
2024. Grey literature was consulted through Google Scholar,
and manual searches were also carried out in the reference list
of the selected articles. The search strategy used a combination
of keywords and Medical Subject Heading terms associated
with the Boolean operators “AND” and “OR” and are
presented in Table 1.

Study selection

Study selection was carried out independently by three authors
(G.0.C; LF.A.M. and G.C.F.) in a two-step process. The set of
records were organized alphabetically by title so that duplicates
could be identified and removed manually. In Step 1, the
authors appraised titles and abstracts of the articles retrieved
from the search. In Step 2, full text of the remaining studies was
obtained for further evaluation. Only studies that fulfilled the
eligibility criteria were selected. Disagreements were resolved
through discussion and, when necessary, a fourth reviewer
(I.C.F.) was
agreement between investigators during study selection was
evaluated [20].

consulted. Cohen's kappa coefficient for

Data collection and analyses

One author (G.O.C.) collected data for all studies using a pilot
data extraction form in an Excel spreadsheet. The following
data were retrieved: first authors’ last name, year of
publication, study design, experimental model, sample size,
groups, period of observation, and main results of the analyses.
Unavailable data were classified as not applicable. Two authors
(ILF.A.M. and A.C.D.V) revised the data.

Risk of bias assessment

Two investigators (I.LF.A.M. and G.C.F.) independently assessed
the selected studies' methodological quality according to their
levels of evidence as proposed by a modified version of the Joanna
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Foraminal enlargement in periapical repair process

Table 1. Search strategy used for the electronic databases

Database Search Strategy
("apical enlargement"[All Fields] OR "apical preparation"[All Fields] OR "apical expansion"[All Fields] OR "apical widening"[All Fields] OR
"foramen widening"[All Fields] OR (("enlarge"[All Fields] OR "enlarged"[All Fields] OR "enlarges"[All Fields] OR "enlarging"[All Fields] OR
"enlargment"[All Fields] OR "hypertrophy'[MeSH Terms] OR "hypertrophy"[All Fields] OR "enlargement"[All Fields] OR "enlargements"[All
Fields]) AND ("foramen"[All Fields] OR "foramen s"[All Fields] OR "foramens"[All Fields])) OR "foraminal enlargement"[All Fields] OR "foramen
enlargement"[All Fields] OR "diameter enlargement"[All Fields] OR "master apical file"[All Fields]) AND ("endodontic treatment"[All Fields] OR
"root canal preparation"[All Fields] OR "root canal therapy"[All Fields] OR "endodontic therapy"[All Fields]) AND ("periapical lesion"[All Fields]
OR "apical periodontitis"[All Fields] OR (("periapical[All Fields] OR "periapically"[All Fields] OR "periapicals"[All Fields]) AND "abssess"[All
Fields]) OR ("periodontal'[All Fields] OR "periodontally"[All Fields] OR "periodontically"[All Fields] OR "periodontics"[MeSH Terms] OR
"periodontics"[All Fields] OR "periodontic"[All Fields] OR "periodontitis"[MeSH Terms] OR "periodontitis"[All Fields] OR "periodontitides"[All
Fields]) OR (“perapical"[All Fields] AND ("healed"[All Fields] OR "wound healing"[MeSH Terms] OR ("wound"[All Fields] AND "healing"[All

Medline Fields]) OR "wound healing"[All Fields] OR "healing"[All Fields] OR "healings"[All Fields] OR "heals"[All Fields])) OR "periapical tissue healing"[ All
through Fields] OR "periapical healing process"[All Fields] OR "bacterial load"[All Fields] OR "bacterial count"[All Fields] OR "bacterial reduction"[All
PubMed) Fields] OR "bacterial growth"[All Fields] OR "colony-forming units"[All Fields] OR "colony-forming units"[All Fields] OR ("anatomy and

histology"[MeSH Subheading] OR ("anatomy"[All Fields] AND "histology"[All Fields]) OR "anatomy and histology"[All Fields] OR "histology"[All
Fields] OR "histology"[MeSH Terms] OR "histologies"[All Fields]) OR ("histopathologies"[All Fields] OR "pathology"[MeSH Subheading] OR
"pathology"[All Fields] OR "histopathology"[All Fields] OR ‘"pathology'[MeSH Terms]) OR ("histomorphologic’[All Fields] OR
"histomorphological"[All Fields] OR "histomorphologically"[All Fields]) OR "histobacteriology"[All Fields] OR ("radiograph"[All Fields] OR
"radiographed"[All Fields] OR "radiographer[All Fields] OR "radiographer s"[All Fields] OR "radiographers"[All Fields] OR "radiographic"[All
Fields] OR "radiographical'[All Fields] OR "radiographically"[All Fields] OR "radiographics'[All Fields] OR "radiographing"[All Fields] OR
"radiographs"[All Fields]) OR ("radiography'[MeSH Terms] OR "radiography"[All Fields] OR "diagnostic x ray"[All Fields]) OR "diagnostic x
ray"[All Fields] OR ("tomographie"[All Fields] OR "tomography"'[MeSH Terms] OR "tomography"[All Fields] OR "tomographies"[All Fields] OR
"tomography s"[All Fields] OR "tomography, x ray computed'[MeSH Terms] OR (“tomography"[All Fields] AND "x ray"[All Fields] AND
"computed"[All Fields]) OR "x-ray computed tomography"[All Fields] OR "tomographys"[All Fields]))

TITLE-ABS-KEY ((“apical enlargement” OR "apical preparation” OR "apical expansion" OR "apical widening" OR "foramen widening" OR "enlargement
foramen" OR "foraminal enlargement” OR "foramen enlargement" OR "diameter enlargement" OR "master apical file") AND ("endodontic treatment"
OR "root canal preparation” OR "root canal therapy" OR "endodontic therapy") AND ("periapical lesion" OR "apical periodontitis” OR "periapical bssess"
OR periodontitides OR "perapical healing" OR "periapical tissue healing" OR "periapical healing process" OR "bacterial load" OR "bacterial count” OR
"bacterial reduction” OR "bacterial growth" OR "colony forming units" OR "colony-forming units" OR histology OR histopathology OR
histomorphologic OR histobacteriology OR radiographic OR diagnostic AND x-ray OR "diagnostic x ray" OR tomography))

(("apical enlargement" OR "apical preparation” OR "apical expansion” OR “apical widening" OR "foramen widening" OR "enlargement foramen" OR
"foraminal enlargement” OR "foramen enlargement” OR "diameter enlargement" OR "master apical file") AND ("endodontic treatment” OR "root canal
preparation” OR "root canal therapy" OR "endodontic therapy") AND ("periapical lesion" OR "apical periodontitis" OR "periapical abssess" OR periodontitides
OR "perapical healing" OR "periapical tissue healing" OR "periapical healing process” OR "bacterial load" OR "bacterial count" OR "bacterial reduction" OR
"bacterial growth" OR "colony forming units" OR "colony-forming units" OR histology OR histopathology OR histomorphologic OR histobacteriology OR
radiographic OR diagnostic x-ray OR "diagnostic x ray" OR tomography)):ti,ab,kw

ALL=(("apical enlargement" OR "apical preparation” OR "apical expansion" OR "apical widening" OR "foramen widening" OR "enlargement foramen" OR
"foraminal enlargement" OR "foramen enlargement" OR "diameter enlargement” OR "master apical file") AND (“endodontic treatment” OR "root canal
preparation” OR "root canal therapy" OR "endodontic therapy") AND ("periapical lesion" OR "apical periodontitis" OR "periapical abssess" OR periodontitidis
OR "perapical healing" OR "periapical tissue healing" OR "periapical healing process" OR "bacterial load" OR "bacterial count” OR "bacterial reduction" OR
"bacterial growth" OR "colony forming units" OR "colony-forming units" OR histology OR histopathology OR histomorphologic OR histobacteriologic OR
radiographic OR diagnostic x-ray OR "diagnostic x ray" OR tomography))

(‘apical enlargement' OR ‘apical preparation’ OR 'apical expansion' OR ‘apical widening' OR 'foramen widening' OR 'enlargement foramen' OR ‘foraminal
enlargement' OR 'foramen enlargement' OR 'diameter enlargement' OR 'master apical file') AND (‘endodontic treatment' OR 'root canal preparation'/exp OR
'root canal preparation’ OR 'root canal therapy'/exp OR 'root canal therapy' OR 'endodontic therapy') AND ('periapical lesion'/exp OR 'periapical lesion' OR
‘apical periodontitis/exp OR ‘apical periodontitis' OR ‘periapical abssess' OR periodontitides OR 'perapical healing’ OR 'periapical tissue
healing' OR 'periapical healing process' OR 'bacterial load'/exp OR 'bacterial load' OR 'bacterial count’/exp OR 'bacterial count' OR 'bacterial reduction' OR
‘bacterial growth'/exp OR 'bacterial growth' OR' colony forming units' OR ‘colony-forming units' OR 'histology'/exp OR histology OR ‘histopathology'/exp
OR histopathology OR histomorphologic OR histobacteriology OR radiographic OR 'diagnostic x-ray' OR (('diagnostic'/exp OR diagnostic) AND ('x ray'/exp
OR x ray’)) OR 'diagnostic x ray' OR 'tomography'/exp OR tomography)

("apical enlargement" OR "apical preparation” OR "apical expansion" OR "apical widening" OR "foramen widening" OR "enlargement foramen" OR
"foraminal enlargement” OR "foramen enlargement” OR "diameter enlargement” OR "master apical file") AND ("endodontic treatment" OR "root canal
preparation” OR "root canal therapy" OR "endodontic therapy") AND ("periapical lesion" OR "apical periodontitis" OR "periapical abssess" OR
periodontitides OR "perapical healing" OR "periapical tissue healing" OR "periapical healing process” OR "bacterial load" OR "bacterial count" OR
"bacterial reduction” OR "bacterial growth" OR "colony forming units" OR "colony-forming units" OR histology OR histopathology OR
histomorphologic OR histobacteriology OR radiographic OR diagnostic x-ray OR "diagnostic x ray" OR tomography)

(("apical enlargement"” OR "apical preparation” OR "apical expansion” OR “apical widening" OR "foramen widening" OR "enlargement foramen" OR
"foraminal enlargement" OR "foramen enlargement" OR "diameter enlargement” OR "master apical file") AND (“endodontic treatment” OR "root canal
preparation” OR "root canal therapy" OR "endodontic therapy") AND (“periapical lesion" OR "apical periodontitis” OR "periapical abssess" OR periodontitides
OR "perapical healing" OR "periapical tissue healing" OR "periapical healing process” OR "bacterial load" OR "bacterial count" OR "bacterial reduction" OR
"bacterial growth" OR "colony forming units" OR "colony-forming units" OR histology OR histopathology OR histomorphologic OR histobacteriology OR
radiographic OR diagnostic x-ray OR "diagnostic x ray" OR tomography))

("foramen widening" OR "foraminal enlargement” OR "foramen enlargement") AND ("endodontic" OR "root canal therapy") AND (“periapical lesion"
OR "apical periodontitis” OR "periapical healing" OR "bacterial load" OR "bacterial reduction" OR histology)

Scopus

Cochrane

Web of Science

Embase

Scielo

Lilacs

Google Scholar
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Figure 1. Flow diagram of the search strategy of the systematic review following the PRISMA guidelines

Briggs Institute's Critical Evaluation Checklist for
Experimental Studies [21, 22]. The assessed items were as
follows: clearly stated aim, sample size justification (the authors
either described the sample size and power calculation methods
or justified the sample size used in the study), sample
randomization, blind treatment allocation, possibility of
comparison between control and treatment groups, baseline
equivalence of control and treatment groups, measurement
standardization, reliable measurement method, and appropriate
statistical analysis. Each item was assessed on a 2-point scale: 0,
not reported or reported inappropriately, and 1, reported and
appropriate. The 10-criteria tool of Systematic Review Centre
for Laboratory animal Experimentation (SYRCLE’s risk of bias
tool) was used to assess the risk of bias of the animal studies [23].
The assessed domains were: adequate generation of allocation
sequence, similarity of groups at baseline or adjustment of
confounder due to differences between groups, adequate
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allocation  concealment, random  housing, blinded
intervention/outcome assessment, sample randomization for
outcome assessment, incomplete outcome data, selective
outcome reporting, presence of other biases, and sample size
justification to further characterize reporting in the selected
animal studies. A judgment of “no” indicated a high risk of bias,
“yes” represented a low risk of bias, and “unclear” indicated
either uncertainty or lack of information. Discrepancies were
resolved with a third examiner (G.O.C.).

Results

Search results

The selection process of the articles is presented in Figure 1. A
total of 950 articles were screened. After the initial screening, 21
articles were selected for full-text evaluation that resulted in the
exclusion of 16 articles with reasons shown in Figure 1. Lastly,
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Foraminal enlargement in periapical repair process

two in vivo articles met the inclusion criteria and were included
in the qualitative analysis [7, 8], along with three ex vivo studies
[24-26]. No additional articles were found through manual
search in the reference lists.

The assessed Cohen’s kappa coefficient value for inter-
investigator agreement was equal to 0.870 for PubMed, 1.000 for
Scopus, 1.000 for the Cochrane Library, 0.882 for Web of
Science, 0.860 for Embase, 1.000 for Scielo, 1.000 for Lilacs, and
1.000 for Google Scholar. These values indicated an almost
perfect agreement among reviewers according to the scale of
Landis & Koch, 1977 [20].

Characteristics of the included studies
In vivo
Data regarding the characteristics of the studies are described in
Table 1. No in vivo human studies comparing endodontic
treatment with and without FE were identified. However, two
eligible studies [7, 8] involving animals (rats and dogs) were
included, where the teeth were deliberately opened for a certain
period of time to induce infection. The sample size ranged from
10 to 12 teeth per group.

In both studies, the group
instrumentation 1 mm below the apical foramen, while the

control underwent
experimental group received instrumentation up to the
foramen. Mechanized endodontic instruments were not used;
instead, manual instruments were employed in both groups,
with both using a 2.5% sodium hypochlorite (NaOCI) solution.
The evaluation periods were 4 weeks [8] and 180 days [7].

The periapical lesion was induced in the animals’ teeth after
the access preparation of these teeth and being left open for three
weeks [8] and 180 days [7]. Once periapical lesions were
induced, tissue repair was evaluated after four weeks [8] and 180
days [7] through histological analysis using hematoxylin and
eosin staining [7, 8]. In both studies, FE promoted better
periapical healing with cementum neoformation and a
reduction in the number of inflammatory cells compared to the
group without FE.

Radiographic evaluation was performed in one study [8],
which demonstrated a greater regression of the periapical lesion
in the group with FE.

Ex vivo
Table 2 presents information about the three included studies
[24-26]. The ex vivo models involved extracted human teeth,
including molars, premolars and canines [24-26] with E. faecalis
inoculation. Among these articles, most of them had a sample
size ranging from 3 to 15 teeth per group.

Regarding the used working lengths, all studies had a control

group with instrumentation 1 mm below the apical foramen. In
the experimental groups, one article’s sample groups received
instrumentation up to apical foramen [24], whereas the other
two had a group with instrumentation level reaching 1 mm
beyond the apical foramen [25, 26]. In these studies, root canal
preparation was performed by hand instrumentation with K-
files [24] or mechanized instrumentation with rotary or
reciprocating nickel-titanium files [25, 26], such as Reciproc R50
[26], Protaper Next [25] and WaveOne Gold [25]. For root canal
2.5%  NaOCl [25, 26] and 17%
ethylenediaminetetraacetic acid were mostly used [24-26];
however, 5.25% NaOCI [24], 0.9% sodium chloride [25] and
saline solution [24, 26] were also reported. Regarding the

disinfection,

observation periods, the studies reported an immediate
evaluation.

Table 1 summarizes the results of the evaluated outcomes in
each selected study from this systematic review. Data are
described below.

Colony-forming unit was used for bacterial analysis in all ex
vivo studies [24-26], and E. faecalis was chosen for inoculation.
Observation periods of 72 h or 21 days were reported. Among
all these studies, FE group increased bacterial reduction in root
canals in comparison to the instrumentation performed 1 mm
below the root foramen.

Synthesis of results

Due to variations among studies, mainly in study methodology,
bacterial inoculation time and evaluation methods, meta-
analysis was not performed. A qualitative summary was
provided instead.

Risk of bias assessment within ex vivo and animal studies
Critical appraisal of the included studies is presented in
Figure 2. To assess the risk of bias in ex vivo studies, the Joanna
Briggs Institute's tool was used (Figure 2A). All records showed
a clearly stated aim, possibility of comparison between the
control and treatment groups at entry, baseline equivalence
among the groups, measurement standardization, and reliable
outcome assessment. Low risk of bias was also observed in the
appropriate statistical approach. However, a high risk of bias was
found only for specific items, such as justification of sample
size, sample randomization and blinded outcome assessment.
Figure 2B summarize the risk of bias of animal studies by using
the SYRCLE tool. Information to judge most evaluated domains
was absent mainly in adequate generation of allocation
sequence, adequate allocation concealment, random housing,
blinded intervention, and sample size justification. A low risk
was observed in the remaining evaluated items.
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Table 2. Characteristics of the studies included in the systematic review
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Figure 2. Assessment of the risk of bias in the included studies; A) Ex vivo studies risk of bias, using Joanna Briggs Institute's tool; B) animal
studies risk of bias, using SYRCLE tool

Discussion

The present systematic review evaluated whether FE influences
the reduction of microorganisms and healing of periapical lesion
compared to root canal treatment without FE. Data from five in
vivo and ex vivo studies were included for these evaluations [7,
8, 24-26]. Based on the design and results of the studies
incorporated in this review, FE emerges as a promising approach
to enhance root canal system disinfection, fostering increased
bacterial reduction and improving periapical repair compared to
instrumentation without FE.

The presence of bacterial biofilms is related to the
maintenance and progression of the periapical lesion [27, 28].
However, due to anatomical complexity, infection control
becomes challenging [29-31]. Foraminal enlargement with
intentional instrumentation beyond or up to the apical foramen
is an alternative for bacterial control [24-26]. Enlarging the
foramen in teeth with periapical lesions has been proposed in
order to optimize the disinfection in the area next to the
periapical tissues, and prevent possible bacteria proliferation in
this critical region. Therefore, the removal of microorganisms in
this region may favor periapical repair, due to the reduced
inflammatory reaction after a decrease in microbial factors

disseminated into the apical tissue [32-34]. Despite the possible
benefits of FE, there are also some concerns, such as the
formation of dentinal microcracks in the apical region [35],
foramen deviation [12] and postoperative pain after root canal
treatment [1]. Additionally, FE may increase the amount of
apically extruded debris and irrigants to the periapical area [36].
Therefore, careful preparation of root canal with FE is necessary
for clinicians in order to avoid the dissemination of debris and
solutions into the periapical area [37, 38].

In this systematic review, bacterial reduction was evaluated
in the included studies using extracted human teeth inoculated
with E. faecalis [24-26].
instrumentation up to the foramen or beyond resulted in a

Root canal preparation with

greater removal of bacteria inside the root canals immediately
after instrumentation of the teeth in the selected studies.
However, Sacomani et al. [26] demonstrated a correlation in
intragroup reduction, regardless of the adopted working length
(1 mm short, up to the apex, or 1 mm beyond), with all groups
showing a significant reduction in the quantity of E. faecalis.
Nevertheless, only a few studies were found in the literature
search, which demonstrates the need for more research on this
outcome, mainly in vivo studies, in order to simulate the clinical
setting and consider anatomical complexity and bacterial
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diversity of endodontic microbiota. These evaluations may
increase the reliability of evidence regarding the effects of FE
in microbial reduction within the root canal system.

Regarding periapical tissue healing, studies using animal
models have evaluated tissue repair in teeth with induced
periapical lesion after four weeks [8] and 180 days [7] of
intervention. Periapical tissue healing represents an important
long-term outcome of endodontic treatment. A well-performed
endodontic treatment allows the organism to repair periapical
tissues, leading to bone neoformation and periodontal ligament
repair [2, 3]. The included studies showed that FE might
improve periapical tissue healing with a significant reduction in
the number of inflammatory cells in the area. This result can be
associated with the decrease in the amounts of microorganisms
and endotoxins during apical preparation, which can lead to
tissue repair in the region through the reduction of pro-
inflammatory cytokines, and the formation of a mineralized
tissue [39]. Similarly, Jara et al. [33] compared the effect of FE
with three different diameters of instruments in rat molars, and
concluded that instrumentation with larger instrument
diameters provides a faster radiographic repair of the periapical
lesion. Therefore, a greater microbial reduction after
preparation with larger apical enlargement can be strongly
associated to a better periapical healing [40].

A radiographic evaluation also showed a considerable
regression of the lesion when FE was performed [8]. However,
radiographic image does not exactly match the histological
environment, and the size of the radiographic lesion does not
coincide with the actual size of the lesion in the
histopathological or tomographic view [41]. It is important to
emphasize that the irrigating protocols used in the included
studies may also have an impact on the outcome. For instance,
all the studies used 2.5% (7, 8, 25, 26] and 5.25% [24] NaOCI
as the irrigating solution, which can enhance bacterial
reduction, and consequently, improve periapical healing [11,
42]. Furthermore, an evaluation of periapical lesion reduction
through the analysis of tomographic images is also necessary
due to a greater sensitivity of this method and the possibility of
a three-dimensional evaluation in comparison to conventional
radiography, which might underestimate the size of the
periapical lesion [41].

Regarding the critical appraisal of the included articles, the
selected ex vivo studies [24-26] have a low-risk of bias, which
suggests an overall reliable evidence. However, methodological
issues were observed, especially regarding blind evaluation,
since it is an important step to avoid biased results for any of
the groups. Blinding is a step present in this study model and

I fj Iranian Endodontic Journal 2024;19(2): 75-84

needs to be improved in future researches. In the animal
studies [7, 8] certain biases were observed, mainly involving
the randomization of animals during the experiment and
evaluation, the allocation sequence and the justification of the
sample size, which suggests that some caution must be
exercised in the interpretation of the study results. Operator
blinding is complicated to perform, since the steps vary in
relation to the technique. Further histological analyses using
animal models with high reporting quality are encouraged in
order to minimize biases and avoid exaggerated effects.

On the basis of this review, we noticed a small number of
ex vivo studies and histological evaluation in animal models
assessing the effects of FE on bacterial reduction and periapical
tissue repair, respectively. Most of the studies evaluate the
impact of root canal instrumentation up to the apical foramen
or 1 mm beyond, without a comparison group with no
foraminal preparation [16, 43, 44], which points out the need
for future well-designed pre-clinical studies comparing
different working length determinations on the assessed
outcomes for stronger evidence. Furthermore, an evaluation
using teeth with curved canals are necessary, following the
pattern of commonly observed anatomy. Nevertheless,
findings of laboratory studies should be carefully analyzed
before being clinically considered. Regarding bacterial
reduction, higher-level evidence is required; and for periapical
healing, additional clinical animal studies are necessary.
Performing FE causes discomfort for the patient, especially in
the first days after receiving the treatment [1]. Therefore,
randomized clinical studies that compare the long-term
success rates of endodontic treatments that consider patient-
based endodontic outcomes with FE are encouraged.

Conclusion

Within the limitations of this systematic review, in vivo studies
suggest FE enhances tissue repair, while ex vivo studies suggest a
notable increase in bacterial reduction within the root canal
associated with FE. However, caution is necessary when
translating these results to the clinical environment.
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