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Abstract
Objectives  This study investigated the influence of calcium hydroxide intracanal medications on the levels of metallopro-
teinases (MMPs) and their tissue inhibitors (TIMPs) in apical periodontitis (AP).
Materials and methods  Twenty primarily infected root canals with AP were randomly divided into two groups: 
Ca(OH)2 + sterile saline solution (SSL) group and Ca(OH)2 + 2% chlorhexidine gel (CHX gel) group. We collected samples 
from the periradicular tissue fluid (PTF) before (s1) and after 14 days of intracanal medication (s2). MMP-1, MMP-2, MMP-
9, TIMP-1, and TIMP-2 were measured by ELISA assay.
Results  MMP-1, MMP-2, MMP-9, TIMP-1, and TIMP-2 were detected in all PTF samples at s1 and s2 (20/20). At s1, 
MMP-2 and MMP-9 were detected at higher levels than MMP-1 (p < .05). Higher levels of TIMP-1 than TIMP-2 were 
found in AP (p < .05). Additionally, we detected higher MMP-1, MMP-2, and MMP-9 over TIMP-1 and TIMP-2 levels in 
AP (p < .05). At s2, Ca(OH)2 + SSL was as effective as Ca(OH)2 + 2% CHX gel in lowering the levels of MMP-1, MMP-2, 
and MMP-9 after 14 days of intracanal medication, with no significant difference between them (p > .05). Both Ca(OH) 2 
intracanal medications had no significant impact on the levels of TIMP-1 and TIMP-2 (both p > .05). At s2, TIMP-1 levels 
were higher than TIMP-2 (p < .05). Moreover, there were positive correlations between the levels of MMP-1 and TIMP-1 
and MMP-1 and TIMP-2 (p < .05).
Conclusions  Calcium hydroxide medications effectively lowered the levels of MMP-1, MMP-2, and MMP-9 in periapical 
tissues after 14 days of treatment, with no difference between them. Moreover, the calcium hydroxide intracanal medications 
tested here had no impact in TIMP-1 and TIMP-2 in periapical tissues.
Clinical relevance  MMPs and TIMPs play an essential role in the degradation of the extracellular matrix. The imbalance 
MMPs and TIMPs can cause periapical tissue destruction. Therefore, the reestablishment of the balance between activated 
MMPs and TIMPs with root canal therapy is essential to restore tissue homeostasis.
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Introduction

Matrix metalloproteinases (MMPs), calcium-dependent zinc 
endopeptidases, play an essential role in the degradation of 
the extracellular matrix (ECM) [1]. MMPs are produced 
by various cells, including lymphocytes, granulocytes, and 
periodontal fibroblasts [2, 3]. They are detected in bodily 
fluids, such as gingival crevicular, saliva, serum, and urine 
[4–8]. MMPs are classified into several families depending 
on the specificity of their substrate—collagenase (MMP-1), 
gelatinases (MMP-2 and MMP-9), stromelysin (MMP-3), 
and matrylisins (MMP-7 and MMP-26) [9].
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MMPs participate in the development and establishment 
of apical periodontitis (AP) [10–22]. They are involved in 
the ECM degradation in periapical tissues in response to 
root canal infection. Different MMPs, including MMP-1, 
MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, and MMP-13 
are reported in AP [10–23]. Among them, MMP-1, MMP-
2, and MMP-9 have been detected both in primary and 
secondary/persistent AP and primary periodontal lesions 
with secondary endodontic involvement [10, 17, 23, 24]. 
Elevated levels of MMPs are correlated with nonhealing 
AP [10, 25]. Previous studies demonstrated that MMPs 
are key enzymes in promoting periapical bone resorption 
[26, 27]. High levels of MMP-1, MMP-2, and MMP-9 are 
reported in larger periapical lesions [17] and frequently 
recovered from symptomatic and asymptomatic AP [10, 
15, 17, 23, 24]. Moreover, MMP-1 has been positively 
correlated with MMP-2 and MMP-9 levels in AP [17].

The proteolytic activities of MMPs are counteracted by 
tissue inhibitors of metalloproteinases (TIMPs) [28, 29]. 
TIMPs restrict ECM breakdown by proteinase inhibition 
and by blockage of autocatalytic MMP activation [30]. 
The balance between activated MMPs and TIMPs is essen-
tial to maintain healthy tissue integrity and restore tissue 
homeostasis [8]. The TIMP family at present comprises 
four members (TIMP-1 to TIMP-4) of relative molecu-
lar mass (Mr) ranging from 22 to 30 K, with a 40–50% 
sequence identity [31]. TIMP-1 and TIMP-2 have been 
reported in AP [17, 27, 32, 33]. Torres et al. [33], in a 
systematic review, indicated that MMP and TIMP levels 
in periapical lesions were significantly higher than those in 
normal tissue. TIMP-1 and TIMP-2 play a multifunctional 
role as proteins [34]. All TIMPs inhibit active MMPs 
with relatively low selectivity [1]. Previous investigations 
revealed that MMP-1 and MMP-2 are directly related to 
TIMP-1 and TIMP-2 in AP [17, 35]. Additionally, MMP-1, 
MMP-2, TIMP-1, and TIMP-2 expressions indicate signifi-
cant differences between AP and healthy periapical tissues 
[19, 35]. TIMP-1 has been suggested to be an enhancer or 
inhibitor of bone resorption depending on whether TIMP-1 
concentrations are low or high, respectively [36]. An ele-
vated level of TIMP-1 is a strong indicator of AP’s chronic 
stage [16, 17, 32, 37]. Moreover, TIMP-1 seems to be a 
predictor of poor wound healing in AP [16].

Currently, there is limited clinical evidence of the effect 
of root canal therapy on the levels of MMPs [10, 16, 23] 
and TIMPs in AP. To the best of our knowledge, this is 
the first clinical study to compare the effectiveness of 
Ca(OH)2 + SSL to Ca(OH)2 + 2% chlorhexidine gel (CHX 
gel) intracanal medications on MMP-1, MMP-2, MMP-9, 
TIMP-1, and TIMP-2 in AP. To help understand the impact 
of intracanal medications on MMPs and TIMPs, this study 
investigated the influence of calcium hydroxide intracanal 

medications on the levels of metalloproteinases (MMPs) 
and their tissue inhibitors (TIMPs) in AP.

The null hypothesis tested is that there is no difference 
between Ca(OH)2 and Ca(OH)2 with 2% CHX gel in low-
ering the levels of MMP-1, MMP-2, MMP-9, TIMP-1, and 
TIMP-2 in AP.

Materials and methods

This study included patients referred to the clinic for endo-
dontic therapy between April 2014 and September 2015. 
Patients were screened for inclusion and exclusion crite-
ria. A total of 103 patients were assessed for eligibility 
(Fig. 1). We obtained the medical and dental history from 
each patient. Patients that received antibiotic treatment in 
the preceding 3 months or who presented any systemic 
disease that might influence the inflammatory response 
were excluded. The local Human Research Ethics Com-
mittee of the School of Dentistry of Sao Jose dos Campos, 
Sao Paulo State University, approved this research under 
protocol # 754.621. We registered it at REBEC (# RBR-
9xhgs6). For the procedures, we followed the Helsinki 
declaration. All patients signed written informed consent 
to participate. All the single-rooted teeth were maxillary 
teeth with necrotic pulp and AP. Teeth exhibiting 1 root 
canal and the absence of periodontal pockets deeper than 
4 mm were included here. None of the patients reported 
any type of systemic disease. We took a periapical radio-
graph to verify the periapical lesion. All teeth included in 
this study had a size of AP > 3 mm and < 6 mm.

According to a previous investigation [16], the sample 
size calculation was determined using a Sealed Envelope 
(www.​seale​denve​lope.​com/​power). The calculation with 
α-type error = 0.05 and power β = 0.80 indicated that the 
sample size to be ten individuals per group. The twenty 
patients selected were randomly assigned and allocated 
into two groups according to the intracanal medication to 
be tested: Ca(OH)2 (Biodinâmica Química e Farmacêutica 
Ltda., Ibiporã, PR, Brazil) powder + sterile saline solution 
(SSL) [(0.9% Sodium Chloride (NaCl)] (Eurofarma, São 
Paulo, SP, Brazil) group and Ca(OH)2 + 2% chlorhexidine 
gel (2% CHX gel) (Terapêutica Farmácia de Manipulação, 
São José dos Campos, SP, Brazil) group.

Following the randomized order of intervention, an 
independent researcher concealed the intracanal medica-
tions in sequentially numbered sealed envelopes. Another 
investigator opened the envelope before the treatment and 
informed the operator of the group assigned. The patient 
and the outcome assess investigator was not aware of the 
intervention.

644 Clinical Oral Investigations (2022) 26:643–650

http://www.sealedenvelope.com/power


1 3

Sampling procedures

The patients were administered local anesthesia with 2% 
lidocaine with 1:200,000 epinephrine. The tooth was iso-
lated with a rubber dam, and a two-stage access cavity was 
prepared. The first stage was the removal of lesions and res-
toration to eliminate significant removal of contaminants. 
In the second stage, we completed the access cavity after 
obtaining straight-line access to the canal. The root canal 
was explored with a size 10 K-file (Dentsply Maillefer, Bal-
laigues, Switzerland). We estimated the root canal length 
in the preoperative radiograph and then confirmed with an 
apex locator (RomiApex A-15; Romidan Dental Solution, 
Kiryat Ono, Israel). The root canals were instrumented with 
Mtwo files (VDW, Munich, Germany). We used the files 
adapted to an electric motor (VDW). The instrumentation 
was performed within the working length in a gentle in-and-
out motion. The sequence for root canal instrumentation was 
#10/0.04, #15/0.05, #20/0.06, #25/0.06, #30/0.05, #35/0.05, 
#40/0.04, and #25/0.07. We rinsed the canals with syringes 
and 30-G NaviTip needles (Ultradent, South Jordan, UT) 
with 5-mL 2.5% NaOCl solution between the files.

After root canal instrumentation, apical patency verified 
with 20/0.02 K-file to secure that the paper points extended 
the sampling site. A first sample (s1) was obtained from the 

periradicular tissue fluid (PTF) in the AP as reported by 
Martinho et al. [38]. We placed three sterile paper points 
(size #15) inside the root canal and approximately 2 mm 
through the root apex. The paper points were kept in position 
for the 60 s for sampling the PTF. Then, we cut the paper 
points 4 mm from the tip, dropped them into a 1.5-mL sterile 
plastic tube, and stored them at − 80 °C for future analysis 
of MMPs and TIMPs.

Subsequently, we randomly divided teeth into 2 groups: 
Ca(OH)2 + SSL (n = 10) and Ca(OH)2 + 2% CHX gel 
(n = 10). Prior the placement of intracanal medication, the 
canals were irrigated with 17% ethylenediaminetetraacetic 
acid (EDTA) (Inodon Industrial Editora Exportação de 
Produtos Odontológicos Ltda., Porto Alegre, RS, Brazil) 
for 5 min. We rinsed the canal with 10 mL of sterile saline 
solution and dried it with paper points. The Ca(OH)2 paste 
was newly prepared and placed into the canal with Lentulo 
Spiral Fillers (Dentsply Maillefer). We condensed the paste 
at the canal orifice level with a sterile cotton pellet. The 
pulp chamber walls were cleaned with a sterile cotton pellet 
moistened in alcohol. We filled the access cavities with two 
layers of Cavit (ESPE, Seefeld, Germany) and light-cured 
resin (Z-250; 3 M Dental Products, St Paul, MN).

After 14 days of intracanal medication, we accessed 
the canals after rubber dam isolation and disinfected 

Fig. 1   PRIRATE 2020 flow-
chart
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the operative field, as described above. We removed the 
Ca(OH)2 paste with a 5-mL SSL and thoroughly instru-
mented the canal with the master apical file. The root canals 
were flushed with 10-mL SSL. A second PTF sample (s2) 
was performed as described above. We rinsed the root canal 
with 10 mL of 2.5% NaOCl and inundated with 17% EDTA 
for 5 min. Lastly, we obturated the root canals using a sin-
gle-cone technique with gutta-percha and AH-Plus sealer 
(Dentsply DeTrey GmbH, Konstanz, Germany). The access 
cavities were sealed with light-cured resin (Z-250; 3 M Den-
tal Products).

Quantification of metalloproteinases (MMPs) 
and TIMPS

The levels of MMP-1 (Cat #DY901), MMP-2 (Cat#DY902), 
MMP-9 (Cat #DY911), TIMP-1 (Cat# DY970), and TIMP-2 
(Cat#DY971) from PTF samples collected before and after 
the use of Ca(OH)2 intracanal medications were quanti-
fied with enzyme-linked immunosorbent assay (ELISA) kit 
(R&D Systems, Inc., Minneapolis, MN). We measured the 
levels of MMPs and TIMPs following the manufacturer’s 
instructions. Briefly, we added the standard sample solutions 
to the ELISA well plate pre-coated with specific monoclonal 
capture antibodies for MMP-1, MMP-2, MMP-9, TIMP-1, 
and TIMP-2. The ELISA well plate was lightly shaken for 
3 h at room temperature. We added the anti-MMP-1, anti-
MMP-2, anti-MMP-9, anti-TIMP-1, and anti-TIMP-2 poly-
clonal antibodies conjugated with horseradish peroxidase to 
the solution and incubated for 1-h room temperature. After-
ward, a substrate solution containing hydrogen peroxidase 
and chromogen was inoculated to react for 20 min. We meas-
ured the levels of MMPs and TIMPs with a micro-ELISA 
reader at 450 nm and normalized with the standard solution. 

Each densitometric value was obtained from 3 independent 
experiments. The values were expressed as mean ± standard 
deviation.

Statistical analysis

The levels of MMPs (MMP-1, MMP-2, and MMP-9) and 
TIMPs (TIMP-1 and TIMP-2) for each case were tabulated 
in duplicate on a spreadsheet and statistically analyzed by 
STATA 12.0 software (StataCorp, College Station, TX). 
First, we performed a descriptive analysis using the Bar-
tlett test to explore data distribution. Second, the Pearson 
correlation test was used to correlate the levels of MMP-1/
MMP-2/MMP-9 and TIMP-1/TIMP-2 found in AP. Third, 
we compared the MMPs and TIMPs levels at s1 and s2 
using a paired t test. Lastly, we investigate for differences 
between the Ca(OH)2 + SSL and Ca(OH)2 + 2% CHX gel 
group applying one-way analysis of variance (post hoc Bon-
ferroni). All statistical analyses were performed at a signifi-
cance level of 5%.

Results

MMP-1, MMP-2, MMP-9, TIMP-1, and TIMP-2 were 
detected in all PTF samples at s1 and s2 (20/20) (Table 1). At 
s1, MMP-2 and MMP-9 were detected at higher levels than 
MMP-1 (p < 0.05). Higher TIMP-1 than TIMP-2 were found 
in AP (p < 0.05) (Table 1). Additionally, we found higher 
MMP-1, MMP-2, and MMP-9 over TIMP-1 and TIMP-2 
in AP (p < 0.05) (Table 1). At s2, Ca(OH)2 + SSL was as 
effective as Ca(OH)2 + 2% CHX gel in lowering the levels 
of MMP-1, MMP-2, and MMP-9 after 14 days, with no dif-
ference between them (p > 0.05) (Table 1). In contrast, both 

Table 1   Mean (pg/mL) and standard deviation (± SD) values of metalloproteinases (MMP-1, MMP-2, and MMP-9) and tissue inhibitors of met-
alloproteinases (TIMP-1 and TIMP-2) detected in apical periodontitis at before (s1) and after intracanal medications (s2)

Uppercase letters—intra-group analysis, paired t test (* p < .05)
Lowercase letters—Intra-group analysis, Bartlett’s test /one-way ANOVA (p < .05)

Groups MMPs/TIMPs Before After P value
Intracanal medication (s1) Intracanal medication (s2)

Ca(OH)2 + SSL group MMP-1 859.2 ± 380.2Aa 381.4 ± 160.9Bb  < .001*
MMP-2 1024.9 ± 652.9Aa 484.4 ± 221.8Bb  < .001*
MMP-9 1161.3 ± 680.9 Aa 536.4 ± 279.4Bb .001*
TIMP-1 478.2 ± 184.9Aa 470.7 ± 142.0Ab .903
TIMP-2 204.9 ± 79.2Aa 200.9 ± 62Ab 0.852

Ca(OH)2 + 2% CHX gel group MMP-1 719.5 ± 304.4 Aa 376.5 ± 163.9Bb  < .001*
MMP-2 962.3 ± 423.8 Aa 387.6 ± 160.1Bb  < .001*
MMP-9 1086.2 ± 402.5 Aa 421.4 ± 199.4Bb .004*
TIMP-1 485.1 ± 225.8 Aa 473.6 ± 122.3Ab .94
TIMP-2 207.1 ± 96.7 Aa 202.7 ± 95.9 Ab .904
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Ca(OH)2 intracanal medications had no significant impact 
on TIMP-1 and TIMP-2 (both, p > 0.05). At s2, TIMP-1 
levels were higher than TIMP-2 (p < 0.05) (Table 1). There 
were positive correlations between the levels of MMP-1 and 
TIMP-1 and MMP-1 and TIMP-2 (p < 0.05). Table 1 shows 
the mean values of MMP-1, MMP-2, MMP-9, TIMP-1, and 
TIMP-2 detected in PTF samples collected from AP at s1 
and s2.

Discussion

Data obtained in this study showed that MMPs and TIMPs 
participate in the inflammation of periapical tissues pre-
sent in teeth with primary endodontic infection and AP. We 
found higher MMP-1, MMP-2, and MMP-9 over TIMP-1 
and TIMP-2 levels in AP. Both Ca(OH)2 medications effec-
tively lowered the levels of MMP-1, MMP-2, and MMP-9 
after 14 days of treatment. In contrast, Ca(OH)2 + SSL and 
Ca(OH)2 + 2% CHX gel had no significant impact on the 
levels of TIMP-1 and TIMP-2.

The PTF sampling method applied in this study has been 
widely used in endodontics to investigate inflammatory 
mediators [22, 23, 39]. Lately, in a systematic review, Vir-
dee et al. [39] noted that although different methods have 
been applied to sample PTF, paper points endure the most 
commonly used approach. Furthermore, paper points are 
efficient at absorbing low amounts of fluid [40] and of clini-
cal relevance, allow longitudinal sampling of PTF.

In this study, MMP-1, MMP-2, and MMP-9 were recov-
ered from all PTF samples collected from AP. MMPs in AP 
have been reported in the literature [10, 11, 13, 14, 17, 18, 
20, 23, 41]. At the baseline samples (s1), higher MMP-2 and 
MMP-9 were detected in AP compared to MMP-1. MMP-2 
(gelatinase A) and MMP-9 (gelatinase B) are synthesized by 
fibroblasts and pulp cells, which participate in the degrada-
tion of IV collagens/gelatins and denatured lamins, elastins, 
and fibronectins [18].

The detection of TIMP in AP here aligns with previous 
investigations [16, 17, 32, 37]. Higher levels of TIMP-1 than 
those in TIMP-2 were detected in PTF samples collected 
from teeth with primary endodontic infection and AP. Such 
findings agree with previous studies showing significantly 
increased expression of TIMP-1 in AP [16, 17, 32, 37]. In 
particular, TIMP-1 has been indicated as an enhancer or 
inhibitor of bone resorption depending on whether TIMP-1 
concentrations are low or high, respectively [36].

In the present study, we found significantly higher MMP-
1, MMP-2, and MMP-9 compared to TIMP-1 and TIMP-2 in 
AP. Such overactivity of MMPs over TIMPs may be indica-
tive of periapical tissue destructive activity. A disturbed 
balance between MMPs and TIMPs, usually with relative 
overactivity of MMPs, has been shown to lead to tissue 

destruction in various pathologic conditions [8, 42, 43]. 
The biological effect of a shift in MMP and/or TIMP levels 
results from their overexpression or reduced expression of 
TIMPs or vice versa [8].

Here, we investigated the influence of two different 
Ca(OH)2 intracanal medications on MMP-1, MMP-2, MMP-
9, TIMP-1, and TIMP-2 in AP. To date, Ca(OH)2 remains 
the most frequently intracanal medicament because of its 
antimicrobial activity [44–46]. Ca(OH)2 exhibits many 
desired properties [46–50]. Besides its well-known antimi-
crobial activity, Ca(OH)2 exhibits high detoxifying activity 
against endotoxins present in root canal infections [46, 49, 
50], dissolves organic material [48], and stimulates minerali-
zation. It acts as a chemical and physical coronal and apical 
barrier [47]. Additionally, Ca(OH)2 intracanal medication 
appears to lower different inflammatory mediators, including 
IL-1 beta, TNF-alpha, PGE2, INF-gamma, IL-2, IL-4, IL-5, 
and IL-13 present in AP [10, 23, 38, 51].

In this study, we tested Ca(OH)2 with an inert vehicle 
(SSL) and in combination with 2% CHX gel. Chlorhexidine 
(CHX) has broad-spectrum activity on gram-positive and 
gram-negative bacteria, fungi, and viruses [52–54]. One 
advantage of CHX is its capacity to adhere to dentin and 
exhibit prolonged antimicrobial activity [54]. Additionally, 
CHX has broad-spectrum antiproteolytic activity that can 
inhibit the collagenolytic activity of MMPs [55]. Further-
more, previous in vitro studies have demonstrated the ability 
of CHX to inhibit the proteolytic activity of MMP-2, MMP-
8, and MMP-9 under direct contact conditions [55, 56].

Both calcium hydroxide intracanal medications tested 
here effectively lowered the levels of MMP-1, MMP-2, 
and MMP-9 in apical tissues. Such findings are consist-
ent with previous investigations [10, 16, 23]. Paula-Silva 
et al. [15] showed in an animal study that teeth submitted to 
Ca(OH)2 medication for 15 days have a lower inflammatory 
index along with lower expression of MMP-2, MMP-8, and 
MMP-9 than teeth treated in a single visit with no intraca-
nal medication. More recently, Barbosa-Ribeiro et al. [10] 
and Duque et al. [23] revealed the effectiveness of Ca(OH)2 
intracanal medication to lower MMP-2, MMP-3, MMP-8, 
and MMP-9 in periapical tissues from teeth with post-treat-
ment in AP. Despite limited clinical evidence, it is not unrea-
sonable to connect this study with previous investigations 
[10, 16, 23] to suggest that Ca(OH)2 intracanal medications 
can lower the levels of MMPs in periapical tissues from 
teeth with primary endodontic infections and AP.

Despite the in vitro ability of CHX to inhibit the proteo-
lytic activity of MMPs [55, 56], Ca(OH)2 was as effective 
as its combination with 2% CHX gel in lowering MMP-1, 
MMP-2, and MMP-9 in AP. It is important to highlight that 
both Ca(OH)2 and CHX exhibit their properties by direct 
contact. Therefore, we can speculate that the reduction of 
MMPs found in periapical tissues may not be attributed only 
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to the antiproteolytic activity of the intracanal medications 
tested inhibiting the collagenolytic activity of MMPs but 
also to their antimicrobial activity against bacteria and toxins 
present in respectively root canal infection.

Although the calcium hydroxide intracanal medications 
tested here had no direct impact on the levels of TIMP-1 
and TIMP-2 in periapical tissues, the reduction of MMP-1, 
MMP-2, and MMP-9 indirectly favor the balance between 
MMPs and TIMPs, which seems to be essential to restore 
tissue homeostasis [8]. Overactivity of MMPs results from 
their overexpression or reduced expression of TIMPs or vice 
versa. The balance between activated MMPs and TIMPs is 
essential to maintain healthy tissue integrity and restore 
tissue homeostasis [8]. Indeed, the impact of therapies in 
MMPs and TIMPs balance has been explored in different 
fields [57, 58].

At s2, the levels of TIMP-1 remained higher than those 
of TIMP-2 irrespective of the Ca(OH)2 medication tested. 
It is worth pointing out that after intracanal medications, 
Pearson’s correlation test indicated a positive correlation 
between MMP-1 and TIMP-1 as well as TIMP-2 in both 
groups tested.

Using paper points to collected PTF from periapical tis-
sues represents a limitation of this investigation. While there 
are well-known benefits of using this technique, such as lon-
gitudinal sampling of crevicular fluid, acquiring adequate 
periapical fluid through the root canal is challenging. To 
hedge against this, we performed an apical debridement 
before sampling.

Overall, this clinical study demonstrated that 
Ca(OH)2 + SSL and Ca(OH)2 + 2% CHX gel were effec-
tive in lowering the levels of MMP-1, MMP-2, and MMP-9 
in periapical tissue after 14 days of treatment with no sta-
tistically significant difference between them. This is the 
first clinical study to compare the impact of two different 
intracanal medications on selected MMPs and TIMPs pre-
sent in AP. Besides the well-known antimicrobial activity 
of Ca(OH)2 intracanal medications, detoxifying activity 
against LPS, as well as their anti-inflammatory activity, this 
study revealed the ability of Ca(OH)2 intracanal medications 
to lower the levels of MMPs in periapical tissues. Further 
research is needed to unravel the actions and interactions of 
MMPs and TIMPs in AP.

Conclusions

Calcium hydroxide medications effectively lowered the 
levels of MMP-1, MMP-2, and MMP-9 in periapical tis-
sues after 14 days of treatment, with no difference between 
them. Moreover, the calcium hydroxide intracanal medica-
tions tested here had no impact in TIMP-1 and TIMP-2 in 
periapical tissues.
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