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Abstract
Objective The objective of this work was to investigate in vivo the effects of calcium hydroxide-based intracanal medication
(ICM) on the levels of bacteria, pro-inflammatory cytokines (PICs), and matrix metalloproteinases (MMPs) in root canals and
periradicular tissues of teeth with failure of the root canal treatment and apical periodontitis.
Materials and methods Twenty infected root canals of single-rooted teeth were randomly assigned into two groups according to
the irrigant used for chemomechanical preparation (CMP) (n = 10 per group): G1 – 2% chlorhexidine (CHX) gel and G2 – 6%
sodium hypochlorite (NaOCl). Root canal contents were taken by using paper points before CMP (S1) and after 30 days of
calcium hydroxide-based ICM (S2). Microbial reduction was calculated by means of colony-forming unit count (CFU/mL), with
PICs and MMPs (pg/mL) being measured by using enzyme-linked immunosorbent assay (ELISA).
Results Culturable bacteria (101.2 ± 79.2), PICs (IL-1β 1.2 ± 0.4 and TNF-α 8.8 ± 4.7), MMP-2 (803.7 ± 96.4), MMP-3 (453.9
± 229.3), MMP-8 (245.9 ± 122.4), MMP-9 (129.4 ± 29.6), and MMP-13 (70.8 ± 12.8) were present in all S1 samples. After
30 days of ICM (S2), a 99.5% microbial reduction was observed, together with a significant reduction of PICs in all groups.
Overall, it was observed a decrease in the levels of MMPs (S2), except MMP-13, which was found in increased levels after ICM
(P < .05), independently of the groups.
Conclusions Calcium hydroxide-based intracanalmedications have had a positive effect on the microbial reduction by decreasing
the levels of PICs and MMPs. Both auxiliary chemical substances (i.e., 2% CHX and 6%NaOCl) presented similar effects when
calcium hydroxide was used as intracanal medication.
Clinical relevance Teeth with failure of the root canal treatment and apical periodontitis, and consequently with high levels of
bacteria, PIC, and MMP, may present a better prognosis after a 30 days of a calcium hydroxide-based ICM.

Keywords Bacteria . Calcium hydroxide . Chlorhexidine . Cytokines . Matrix metalloproteinases . Post-treatment apical
periodontitis . Sodium hypochlorite

Introduction

The establishment of microorganisms and their by-products
inside the root canals is one of the main factors related to
failure of endodontic treatment, which is characterized by

persistence or emergence of apical periodontitis after root
canal filling [1–6]. As periodontitis is a dynamic inflamma-
tory process located at the periapical region, the type of
immune-inflammatory response is determined by a network
of chemical mediators produced by immune cells in re-
sponse to the stimulus caused by the action of microorgan-
isms and/or virulence factors. This may result in damage to
the tissues and in the development of endodontic signs and
symptoms [7–9].

In infected root canals, high concentrations of tumor necro-
sis factor alpha (TNF-α) and interleukin-1 beta (IL-1β) can
promote tissue destruction [7, 10], mainly by stimulating mac-
rophages to produce matrix metalloproteinases (MMPs),
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causing destruction of the extracellular matrix (ECM) [11].
The destruction of periapical tissues mediated by TNF-α
and IL-1β appears to be directly related to high levels of
infectious content present in the root canal [12]. TNF-α and
IL-1β have been detected in teeth with periapical lesions [13]
and root canals with exudate [14]. Particularly, high levels of
IL-1β appear to be related to the presence of clinical signs/
symptoms [15] and periapical bone destruction [16].
However, the literature hardly addresses the role of pro-
inflammatory cytokines (PICs) in disease processes of
periradicular tissues, especially in cases related to failure of
endodontic treatment.

MMPs belong to a family of enzymes known as zinc-
dependent endopeptidases and are able to degrade ECM
components, such as collagens, proteoglycans, fibronec-
tins, laminins, and elastins. Most of the matrix metallo-
proteinases are initially produced as pro-enzymes and are
secreted before conversion into their active form [17, 18].
Additional MMP substrates comprise cytokines, growth
factors, binding proteins, chemokines, cell/cell adhesion
molecules, and other proteinases. Their classification is
specifically based on the following substrates: collage-
nases, gelatinases, estromelysins, matrilysins, membrane-
type MMPs, and others [18–22]. Under physiological
conditions, the synthesis and activity of MMPs are severe-
ly controlled by the body because the increase in their
levels may threaten the integrity of the cells and cause
apoptosis [19, 20]. This instability occurs routinely in
pathological situations, such as inflammation and tissue
invasion [21].

Calcium hydroxide [Ca(OH)2] is the most commonly
used intracanal medication (ICM) worldwide [22].
Because of the limitation of calcium hydroxide alone
against some resistant microbial species, its association
to 2% chlorhexidine (CHX) has been purposed [23, 24].
Recent studies have evaluated the effect of ICM on in-
flammatory contents of root canals with primary endodon-
tic infections [22] and primary periodontal lesions with
secondary endodontic involvement [25].

Knowing the role of bacteria in cases of failure of
endodontic treatment and also the role of PICs and
MMPs in modulating tissue displacement in periapical
pathologies may contribute to the understanding and up-
per interpretation of clinical manifestations of apical
periodontitis. The reduction in the levels of bacteria,
PICs, and MMPs by endodontic procedures in teeth with
apical periodontitis is a challenge, since these are aimed
at providing immune balance and tissue healing.
Therefore, the objective of this work was to investigate
in vivo the effects of calcium hydroxide-based ICM on
the levels of bacteria, PICs, and MMPs in root canals
and periradicular tissues of teeth with failure of the root
canal treatment and apical periodontitis.

Material and methods

Patients’ selection

Patients’ selection was based on previous study [6].
Based on a previous study [25], a power calculation was

performed using G*Power 3.1 software (Heinrich Heine
University, Dusseldorf, Germany). The calculation indicated
that the sample size must be a minimum of ten individuals per
group with α-type error = 0.05 and power β = 0.80.
Therefore, 20 volunteers were selected from those who
attended the Piracicaba Dental School, State University of
Campinas (UNICAMP), Piracicaba, SP, Brazil, with a need
for endodontic retreatment.

The Human Research Ethics Committee of the Piracicaba
Dental School, State University of Campinas – UNICAMP,
São Paulo, SP, Brazil, approved the study (protocol number
018/2014), describing the sample collection for this investiga-
tion. All patients signed an informed consent form regarding
their participation in the research. The age of the patients
ranged from 30 to 60 years. All the selected teeth were
single-rooted which had been previously filled and showed
radiographic evidence of apical periodontitis.

Failure of root canal treatment was determined based on
clinical and radiographic examinations. Presence of persistent
periapical radiolucent lesion, voids in or around the root canal
filling, persistent symptoms (e.g., pain on palpation, discom-
fort to percussion), and persistent sinus tract were considered
reasons for retreatment [2, 3].

Exclusion criteria comprised subjects who had received
antibiotic treatment within the preceding 3 months, reported
systemic disease starting with ASA 3 (American Society of
Anesthesiology), teeth that could not be isolated with rubber
dam, teeth with absence of coronary sealing, and teeth with
periodontal pockets deeper than 3 mm.

Sample collection and clinical procedures

Sample collection and clinical procedures were performed
according to Barbosa-Ribeiro et al. [6], Martinho and
Gomes [26], and Gomes et al. [27]. Briefly, the teeth were
isolated with rubber dam before the crown and surrounding
structures were disinfected with 30% hydrogen peroxide (vol-
ume/volume for 30 s) followed by 2.5% sodium hypochlorite
(NaOCl) for the same period of time and then inactivated with
5% sodium thiosulfate. Disinfection of external surfaces of the
crown was checked by taking a swab sample from them and
streaking it onto blood agar plates, which were then incubated
aerobically and anaerobically.

Endodontic treatment was performed under high magnifi-
cation with dental operating microscope (DF Vasconcellos
S/A, São Paulo, Brazil).
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After local anesthesia (2% lidocaine with 1:100.000 epi-
nephrine), a two-stage access preparation was performed. The
access cavity was made without the use of water spray, but
under manual irrigation with sterile saline and by using sterile
high-speed diamond bur. This first stage was performed to
promote a major removal of contaminants. In the second
stage, before entering the pulp chamber, the access cavity
was disinfected according to the decontamination protocol
described above. Disinfection of the internal surface of the
access cavity was checked as previously described, and all
procedures were performed aseptically.

Root-filling materials were removed by using Reciproc
R25 files (VDW, Munich, Germany) along the working
length, as determined by pre-operatory radiography, according
to the manufacturer’s instructions in a crown-down technique
with no chemical solvent.

Before the first sampling (S1) of the root canal, a K-file #20
(Dentsply Maillefer, Ballaigues, Switzerland) was used to
confirm the working length (previously estimated by radio-
graphs) with an apex locator (Novapex, Forum Technologies,
Rishon le-Zion, Israel). Three sterile paper points (Dentsply
Maillefer, Ballaigues, Switzerland) were consecutively intro-
duced into the full length of the canal and retained in position
for 60 s. The paper points were removed and then placed in a
sterile tube containing 1 mLViability MediumGöteborg Agar
III (VGMA III) transport medium [6, 27] for microbial cul-
ture. Next, they were transported within 15 min to an anaero-
bic workstation (Don Whitley Scientific, Bradford, UK) for
bacterial culture analysis.

Sampling of the periapical content was performed accord-
ing to Duque et al. [25]. Briefly, a sterile paper point (Cell
Pack, Denstply Maillefer) was introduced 2 mm over the
apex, reaching the periapical tissues and maintained in posi-
tion for 60 s. Following, the paper point was gently removed
and placed in a sterile tube for enzyme-linked immunosorbent
assay (ELISA) and then frozen at − 80 °C for further analysis.

Following, the root canals were then prepared by using
Reciproc R40 files (VDW, Munich, Germany) according to
the manufacturer’s instructions in a reciprocating motion gen-
erated by the motor. The instrument was used in an in-and-out
pecking motion of about 3 mm in amplitude with apical pres-
sure. After three pecking motions, the instrument was re-
moved from the canal and cleaned. Next, a K-file #20 was
taken into the working length (WL) to check whether the canal
was patent. These procedures were repeated until the Reciproc
instrument reached the WL (zero point displayed on the apex
locator) [6].

Retreatment was considered complete when the
Reciproc file reached the working length with no filling
material covering the instrument and the canal walls being
smooth and free of visible debris. Furthermore, a close
inspection under higher magnification showed complete
removal of gutta-percha.

The 20 infected root canals of single-rooted teeth with post-
treatment apical periodontitis were randomly divided into two
groups according to the chemical substances used.

& Group 1 (n = 10): 2% chlorhexidine gel (CHX)
& Group 2 (n = 10): 6% sodium hypochlorite (NaOCl)

A freshly prepared calcium hydroxide-based intracanal
medication (ICM) was used in all cases for 30 days.

EndoVac System (Discus Dental, Culver, CA, USA) was
used as irrigation protocol to both groups (group 1—saline)
and (group 2—NaOCl). In group 1, during instrumentation,
the root canals were filled with 1 mL of 2% CHX gel
(Endogel, Essencial Pharma Ltd. Itapetininga, SP, Brazil) by
using a syringe (27-gauge needle) before the use of each in-
strument and immediately rinsed afterwards with 5 mL of
saline solution by using the EndoVac System. In the end of
instrumentation, CHX was inactivated with 5 mL of 5%
Tween-80 and 0.07% (w/v) lecithin solution during 1-min pe-
riod, which was removed with 5 mL of saline solution.

In group 2, during instrumentation, the root canals were
filled with 1 mL of 6% NaOCl (Drogal, Piracicaba, SP,
Brazil) by using a syringe (27-gauge needle) before the use
of each instrument and immediately rinsed afterwards with
5 mL of 6% NaOCl by using the EndoVac System. In the
end of the instrumentation, NaOCl was inactivated with
5 mL of a solution of 5% sodium thiosulfate (Drogal,
Piracicaba, SP, Brazil) for 60 s, which was also removed with
5 mL of saline solution.

After the CMP, the canal was dried with paper points. A
calcium hydroxide-based paste was placed over the entire
length of the prepared canal by using Lentulo spiral fillers
(DentsplyMaillefer, Ballaigues, Switzerland). The access cav-
ity was then temporarily sealed with temporary cement
(Coltosol, Coltène/Whaledent, OH, USA) of a 2-mm thick-
ness at least, and a second layer of composite material (Filtek
Z250; 3 M ESPE, St. Paul, MN, USA) was applied in combi-
nation with a single bond adhesive (3M ESPE). After 30 days,
the canal was aseptically accessed and the ICM removed with
5 mL of saline solution and the master apical file (# 40) plus
two further files. Further irrigation with 17% EDTA, ultrason-
ically activated (as mentioned above), was performed under
higher magnification to certify the complete removal of ICM.
Next, the canal was rinsed with 5 mL of sterile saline [28].
Ca(OH)2 activity was neutralized with 5 mL of 0.5% citric
acid for 1 min, which was then removed with 5 mL of saline
solution before immediately performing the second sampling
(S2), as mentioned earlier.

The canals were then irrigated with 3 mL of 17% EDTA by
using ultrasound, as previously described, followed by irriga-
tion with 5 mL of sterile saline. Finally, after the canals were
found to be asymptomatic and dried, the teeth were filled with
single Reciproc gutta-percha cone and Endométhasone sealer
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(Septodont, Saint-Maur-des-Fossés, France). Access cavities
were restored with Coltosol (Coltène/Whaledent) of 2-mm
thickness at least and a second layer of light-cured composite
material (Filtek Z250; 3 M ESPE) was applied in combination
with single-bond adhesive.

Culture procedure

The method for colony-forming unit (CFU) count has been
previously published by Barbosa-Ribeiro et al. [6] and
Martinho and Gomes [26]. The tubes containing root canal
samples were transported within 15min to an anaerobic work-
station (Don Whitley Scientific, Bradford, UK) for bacterial
culture analysis. They were shaken thoroughly for 60 s
(Vortex; Marconi, Piracicaba, São Paulo, Brazil), and then
serial 10-fold dilutions were made to 10−4 in tubes containing
Fastidious Anaerobe Broth (Lab M, Bury, UK). By using
sterile plastic spreaders, 50 μL of each serial dilution was
plated onto 5% defibrinated sheep blood fastidious anaerobe
agar (LAB M) to obtain obligate anaerobes and facultative
anaerobes. The plates were incubated at 37 °C in anaerobic
atmosphere for up to 14 days. After this period, CFUs were
visually quantified for each plate.

Measurements of PICs and MMP levels

Measurements of PICs and MMP levels were based on
previous study [25]. Levels of TNF-α, IL-1β, MMP-2,
MMP-3, MMP-8, MMP-9, and MMP-13 in the different
phases of endodontic procedures were measured by
using specific Quantikine® Human ELISA Kit (R&D
Systems®, Minneapolis, MN, USA) and quantitative
sandwich enzyme immunoassay technique. Next, stan-
dard and sample solutions were added to an ELISA well
plate (R&D Systems®) which had been precoated with
specific immobilized monoclonal antibody supplied by
the manufacturer for TNF-α, IL-1β, MMP-2, MMP-3,
MMP-8, MMP-9, and MMP-13. After washing away the
unbound substances, an enzyme-linked polyclonal anti-
body specific for each molecule was added to the wells,
forming an immune complex. The plate was incubated
for 60 min at room temperature on the shaker before
washing for removal of unbound enzymes. After another
washing, a substrate solution containing hydrogen per-
oxidase and chromogen was added and allowed to react.
The color development was stopped, and its intensity
was measured, thus revealing the concentration of
PICs and MMPs. The levels of PICs and MMPs were
assessed with an ELISA reader (Thermo Fisher
Scientific, Waltham, MA, USA) at 450 nm, and the
negative control values were normalized. Each densito-
metric value, expressed as mean and standard deviation,
was obtained from two independent experiments.

Statistical analysis

The data collected for concentrations of CFUs, PICs, and
MMPs were statistically analyzed by using SAS for
Windows (SAS Inc., Cary, NC, USA). Data normality was
verified by using Shapiro-Wilk test, with those presenting
normal distribution being analyzed with post hoc one-way
analysis of variance and Tukey–Kramer method for
intragroup analysis before and after the use of calcium
hydroxide-based ICM. In all statistical tests, the significance
level was set at 5%.

Results

Clinical features

Twenty single root canals were used for sample collection.
Among all the teeth, most of them presented tenderness to
percussion (12/20), previous pain (6/20), and pain on palpa-
tion (4/20). With regard to indications for endodontic
retreatment, 8 out of 20 presented periapical lesion and poor
coronal restoration, whereas 7 out of 20 presented periapical
lesion and unsatisfactory root canal filling. Most of the teeth
were restored with resin composite (10/20). The average time
between previous treatment of root canal and its retreatment
was 9.5 years, ranging from 2 to 35 years. The mean size of
the periapical lesion was 3.5 mm, ranging from 1 to 9 mm.

Microbiological findings

The microbiological samples from the teeth surfaces before
and after coronal access presented no positive cultures, which
means that all procedures were performed under sterile con-
ditions. Culturable bacteria (101.2 ± 79.2) were recorded in all
initial samples (S1) (20/20). After ICM, microbial reduction
was 99.5% (P < .05). In group 1, it was observed a reduction
of 100% of culturable bacteria in S2 (P < 0.05), whereas in
group 2, the reduction level was 98.5% after the use of ICM
(P < .05).

Cytokines and matrix metalloproteinases

Pro-inflammatory cytokines were present in all initial samples
(S1). Overall, it was observed a decrease in the levels of
TNF-α (62.5% reduction) and IL-1β (41.7% reduction) after
the use of ICM (S2) (P < 0.05). In S2, there was a significant
reduction of PICs in all groups.

Matrix metalloproteinases were present in all S1 samples
with varying levels between them. Overall, it was observed a
decrease in the levels of MMPs after ICM, except MMP-13,
which was found in increased levels after ICM (P < 0.05),
independently of the groups.

2762 Clin Oral Invest (2019) 23:2759–2766



In general, ICM was effective in reducing the levels of
culturable bacteria, PICs, and MMPs. Means, standard devia-
tions, and percentages of the overall reductions for each aux-
iliary chemical substance (ACS) used during endodontic ther-
apy are listed in Table 1.

Discussion

The major objective of this clinical study was to investi-
gate the effects of Ca(OH)2-based ICM on microbial load
within the root canals and on the levels of PICs and
MMPs present in the periapical region of teeth with fail-
ure of the root canal treatment and persistent periapical
lesion. It was the first time that this methodology of
collecting exsudate from periapical fluids, via root canals,
was used for direct quantification of inflammatory con-
tents in teeth with endodontic treatment failure. The quan-
tification of PICs and MMPs from periradicular tissues
has been previously described by our group; however, it
was performed in teeth with primary periodontal lesions
with secondary endodontic involvment [25]. It is impor-
tant to elucidate the expression profile of inflammatory
molecules before performing the endodontic treatment in
order to understand the effect of intracanal medication on

molecular signals occurring in the apical periodontitis as
well as on the host’s response.

As auxiliary chemical substances, 6% sodium hypochlorite
(NaOCl) and 2% chlorhexidine gel (CHX) were used during
the chemo-mechanical preparation. NaOCl in solution formu-
lation has been chosen, since it is the most used root canal
irrigant worldwide due to its satisfactory properties [29]. On
the other hand, CHX in gel formulation was used as it is the
choice auxiliary chemical substance of the Piracicaba Dental
School, which is supported by several studies [4, 6, 8, 25].
Similarly to the solution formulation, CHX gel presents a
broad antimicrobial properties and substantivity (i.e.,
prolonged antimicrobial activity) [23]. The CHX gel presents
great lubricating property which is important during
retreatment. Moreover, it reduces the smear layer formation,
which does not occur with the liquid form [23]. CHX gel
maintains most of dentinal tubules open because its viscosity
keeps the debris in suspension (rheological action) [23].
Furthermore, due to the gel formulation, CHX may keep the
Bactive principle^ of CHX in contact with the microorganisms
for a longer time, inhibiting their growth [23].

Calcium hydroxide-based intracanal medication used for 7
or 14 days [8] did not improve the disinfection achieved by
CMP in vivo. The 30 days used in the present study and also
in previous studies [25, 30] seemed to be important for im-
proving the LPS detoxifying activity of Ca(OH)2 in vivo.

Table 1 CB (CFU × 102/mL), PIC, and MMP (pg/mL) concentrations, standard deviation, and percentage reduction achieved by the use of different
irrigants and intracanal medication during endodontic therapy of teeth with post-treatment apical periodontitis

Treatment phase Overall Reduction (%) Chemical substance

2% chlorhexidine gel Reduction (%) 6% sodium hypochlorite Reduction (%)

CB S1 101.2 ± 79.2 a – 129.1 ± 83.4 a – 73.2 ± 67.4 a –

S2 0.5 ± 0.8 b 99.5 0.0 ± 0.0 b 100 1.1 ± 1.9 b 98.5

TNF-α S1 8.8 ± 4.7 a – 7.8 ± 3.6 a – 9.7 ± 5.6 a –

S2 3.3 ± 4.1 b 62.5 2.9 ± 2.8 b 62.8 3.6 ± 5.2 b 62.9

IL-1β S1 1.2 ± 0.4 a – 1.2 ± 0.5 a – 1.1 ± 0.3 a –

S2 0.7 ± 0.2 b 41.7 0.7 ± 0.3 b 41.7 0.7 ± 0.2 b 36.4

MMP-2 S1 803.7 ± 96.4 a – 843.0 ± 119.0 a – 764.4 ± 36.6 a –

S2 758.4 ± 64.1 b 5.6 764.0 ± 79.2 b 9.4 752.7 ± 43.3 a 1.5

MMP-3 S1 453.9 ± 229.3 a – 511.7 ± 247.9 a – 396.1 ± 192.4 a –

S2 329.8 ± 183.6 b 27.3 385.7 ± 226.3 b 24.6 273.8 ± 99.6 b 30.9

MMP-8 S1 245.9 ± 122.4 a – 276.1 ± 136.8 a – 215.7 ± 97.0 a –

S2 223.3 ± 69.0 b 9.2 268.7 ± 49.0 a 2.7 177.8 ± 54.8 b 17.6

MMP-9 S1 129.4 ± 29.6 a – 124.1 ± 35.1 a – 134.7 ± 21.5 a –

S2 122.9 ± 93.1 b 5.0 110.1 ± 67.9 b 11.3 135.7 ± 111.3 a 0.7

MMP-13 S1 70.8 ± 12.8 a – 74.1 ± 14.3 a – 67.4 ± 10.0 a –

S2 79.0 ± 17.4 b −11.6 85.9 ± 11.4 b −15.9 72.1 ± 19.5 b −7.0

Different small letters indicate statistical differences at the intragroup level (column) considering P < .05

CB culturable bacteria, PIC pro-inflammatory cytokine, MMP matrix metalloproteinase, S1 initial samples—before chemomechanical preparation, S2
final samples—after 30 days with intracanal medication
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Furthermore, Ca(OH)2 has been reported to denature infec-
tious contents of bacteria [31], which will consequently re-
duce the levels of PIC and MMP.

Microbiological findings

The microbiological results were similar to those reported by
Barbosa-Ribeiro et al. [6]. Since bacteria and their by-
products play an important role in the initiation of an inflam-
matory cascade in the periapical tissues, it is important to
eliminate them as much as possible during the endodontic
treatment, and to avoid their entrance after root canal filling
via coronal microleakage [32]. Microorganisms can maintain
an infection after the obturation of the root canal and induce an
inflammatory process in the periapical tissues [6, 9].

Colony Forming Units count is a reliable technique for
assessing the effectiveness of antimicrobial agents to reduce
viable bacterial cells [33]. Nevertheless, it is important to
highlight that having negative samples does not necessarily
mean that the bacteria were absent, as they could be below
detection levels [33]. Even considering the limitations of sam-
pling biofilm using paper points, this approach is a well-
established protocol based on that all Bfloating^ species pres-
ent in the main canal are or were members of the endodontic
biofilm [25]. In the present study, all the initial root canals
samples (20/20) supported microbial growth. CMP performed
with 2%CHX reduced 100%, while NaOCl provided a 98.5%
reduction; therefore, both ACS were effective in reducing the
levels of culturable bacteria within the root canals, agreeing
with previous studies [4, 8, 34]. The calcium hydroxide-based
intracanal medicament used for 30 days was effective in re-
ducing the level of culturable bacteria in 99.5% of the sam-
ples, and consequently of their by-products, which would de-
crease the inflammatory process in the periapical tissues.

PIC findings

With regard to the levels of TNF-α and IL-1β, CMP per-
formed with CHX or NaOCl was effective in reducing these
levels. CHX promoted a reduction of 62.8%, and NaOCl pro-
vided a reduction of 62.9% in the TNF-α levels. Lower levels
of IL-1β (41.7% and 36.4% reduction) were observed after
CMP performed with CHX and NaOCl, respectively.

The benefits of a 30-day ICM were detected by the reduc-
tion in all PICs levels, which is corroborated by previous
studies [22, 25], showing that calcium hydroxide-based
intracanal medication can prevent the increase of PICs levels
in the periapical tissues.

The main biological function of TNF-α is to recruit neu-
trophils and monocytes towards the site of infection and to
activate these cells to eradicate the microorganisms [12].
TNF-α is also an important mediator of the inflammatory
response to Gram-positive bacteria and other microorganisms

[10, 16] and can modulate its own expression as well as of
other cytokines, such as IL-1β [7, 10, 16]. In our study, it was
observed lower levels of IL-1β (1.2 ± 0.4 pg/mL) compared to
TNF-α (8.8 ± 4.7 pg/mL) in the initial samples (S1), which
confirmed the regulatory role of the TNF-α in the inflamma-
tory process. In S2, it was observed a reduction of 62.5% in
the TNF-α level.

One of the most consistent biological effects of IL-1β is
related to the increased synthesis of prostaglandin E2 (PGE2),
which presents the ability to sensitize nociceptors [35]. IL-1β
has been associated with the presence of clinical signs and/or
symptoms and also bone resorption [15], being detected at
higher levels in the initial sample and related to the presence
of periradicular lesion in all cases. As expected, the levels of
IL-1β decreased after ICM, indicating the beginning of the
repair process.

MMP findings

MMPs are relevant for the pathogenesis of pulpal and
periradicular tissues damage [36] and PICs can directly and
indirectly stimulate the release of MMPs in the periradicular
tissues, sustaining an inflammatory process in their presence
[20].

Different profiles of MMP expression were observed in the
initial samples, with MMP-2 (collagenase; 803.7 ± 96.4 pg/
mL) and MMP-3 (stromelysin-1; 453.9 ± 229.3 pg/mL) being
the most frequently found ones, followed byMMP-8 (245.9 ±
122.4 pg/mL), MMP-9 (129.4 ± 29.6 pg/mL), and MMP-13
(70.8 ± 12.8 pg/mL). All the MMPs participate in the degra-
dation of the extracellular matrix (ECM) with different mech-
anisms of action and in different times of the inflammatory
process. After the use of ICM (S2), it was observed a reduc-
tion of MMP-2, MMP-3, MMP-8, and MMP-9, particularly
MMP-3 (27.3%).

MMP-2 and MMP-9 are known as gelatinases. MMP-2
(gelatinase A or IV collagenase type/72 kDa) and MMP-9
(gelatinase B or IV collagenase type/92 kDa) degrade dena-
tured collagens (gelatins), elastins, fibronectins, proteogly-
cans, laminins, and type-IV collagens, with the latter being
the main component of the basement membrane, indicating
involvement of these enzymes in the invasion process [37].
These gelatinases are particularly expressed in cases of chron-
ic periapical lesions, granulomas, and cysts, being also present
in the gingival crevicular fluid of teeth with chronic periapical
lesions [38, 39]. High levels of MMP-2 have been detected in
teeth with asymptomatic post-treatment periodontitis, indicat-
ing that MMP-2 can play a role as a marker of chronic inflam-
matory process. In addition, a previous study related high
levels of MMP-9 to symptomatic apical periodontitis in pri-
mary endodontic infections, stimulated by Gram-negative
bacteria [17]. In our study, CHX provided greater reduction
of MMP-2 and MMP-9 compared to NaOCl; however, ICM
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was found to be effective in reducing the levels of MMP-2
(758.4 ± 64.1 pg/mL) and MMP-9 (122.9 ± 93.1 pg/mL), irre-
spective of the ACS used, which explains the absence of
symptomatology in all cases.

MMP-3 is an important enzyme in the degradation of the
extracellular matrix, being able to degrade proteoglycans (i.e.,
fibronectin and laminin), whereas ICM is responsible for the
reduction of MMP-3 by 27.3% (from 453.9 ± 229.3 to 329.8
± 183.6). Both CHX (24.6% reduction) and NaOCl (30.9%
reduction) promoted similar effects in reducing the levels of
MMP-3.

With regard to MMP-8 and MMP-13, known as collage-
nases, their importance is known in the beginning of the in-
flammation process.

MMP-8 (neutrophil collagenase) and MMP-13 (colla-
genase 3) are enzymes responsible for the breakdown of
type I and III collagens, which are major organic constit-
uents of the alveolar bone and periodontal ligament [21].
Geijersstam et al. [40] suggested that in cases of endodon-
tic failure, which involves a higher prevalence of Gram-
positive bacteria and absence of symptomatology, there is
a lower expression of MMP-8. The presence of
periradicular lesion in post-treatment cases confirms the
role of MMP-8 and MMP-13 in the inflammatory process.
After the CMP, irrespective of the ACS used, and after a
30-day ICM, the levels of MMP-8 decreased (223.3 ±
69.0). On the other hand, there was an increase in the
level of MMP-13 (79.0 ± 17.4).

In the inflammatory process, IL-1β presents as a potent
stimulator of MMP-8 and MMP-13, which are directly con-
nected with the establishment and remodeling of periapical
lesions [19, 41]. Wahlgren et al. [42] suggested that the levels
of MMP-8 and MMP-13 from the periapical exudate could be
used to indicate the status of the inflammatory response in
order to predict a successful treatment of teeth with periapical
lesions. In this case, the increase of MMP-13 after the use of
ICM may be related to the endodontic retreatment performed,
which reduced microbial level and consequently stimulated
the periapical repair process. In the present study, the overall
levels of collagenases (MMP-8 and MMP-13) were lower
than those of gelatinases (MMP-2 and MMP-9), probably
because the former are usually more active at the early stage
of periapical lesion formation.

In general, this in vivo study was important to provide
knowledge about the clinical levels of culturable bacteria
within the root canals, PICs and MMPs in the periapical re-
gion of teeth with post-treatment apical periodontitis, thus
allowing further comparisons with different pathological situ-
ations involving the pulp and periapical tissues.

In conclusion, calcium hydroxide-based intracanal medica-
tions have had a positive effect on the microbial reduction by
decreasing the levels of PICs and MMPs. Both auxiliary
chemical substances (i.e., 2% CHX and 6%NaOCl) presented

similar effects when calcium hydroxide was used as intracanal
medication.
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