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Abstract
Objective The aim of this study was to evaluate the effect of calcium hydroxide (Ca[OH]2) and chlorhexidine (CHX) gel on
matrix metalloproteinase-9 (MMP-9) and vasoactive intestinal peptide (VIP) secretion in periapical lesions.
Materials and methods A total of 60 patients were randomly divided into two groups that were to receive different medications.
Pre-and post-treatment samples were collected from the interstitial fluid of periapical lesions using sterile paper points. VIP and
MMP-9 levels were measured by enzyme-linked immunosorbent assay kits, and the data were statistically analyzed.
Results Gender and smoking habits had no effect on the pre- and post-treatment VIP and MMPs levels. Intragroup analyses
revealed that in the Ca(OH)2 group, the post-treatment VIP level was found to be significantly higher than the pre-treatment VIP
level. In the CHX group, the post-treatment MMP-9 level was significantly higher than the pre-treatment MMP-9 level.
Conclusion According to the results of the present study, the type of the medication affected the amount of periapical VIP and
MMP-9 secretion.
Clinical relevance VIP is a neuropeptide that promotes new bone formation. Thus, intracanal Ca(OH)2 medicationmay accelerate
the repair process of bone tissue.

Keywords Ca(OH)2 . CHX gel . Vasoactive intestinal peptide .Matrixmetalloproteinase-9

Introduction

Apical periodontitis is an inflammatory disease of periapical
tissues that is usually induced by a bacterial infection in the
root canal system [1]. Bacteria and toxins in the root canal
system activate a local immune response after reaching the
periapical tissues through the apical foramen [1–3]. Several
proinflammatory and immunoregulatory cytokines, media-
tors, chemokines, and neuropeptides are involved in this local

immune response [1–3], during which these molecules de-
grade extracellular matrix (ECM) components, which are the
main components of the connective tissue.

During an immune response, immune cells and dental pulp
neurons release vasoactive intestinal peptide (VIP), which has
potent immunomodulatory properties [4, 5]. VIP may regulate
the growth of apical periodontitis lesions by inhibiting bone
resorption through the suppression of osteoclast functions [6].
In addition, during an immune response, the immune cells
release matrix metalloproteinases (MMPs) that degrade all
ECM components, including the bone matrix [7, 8]. Several
studies have shown that MMPs participate in the pathogenesis
of pulp and periapical inflammation [9, 10].

Matrix metalloproteinase-9 (MMP-9) plays an important role
in the development of periapical lesions and is highly expressed
in apical periodontitis [11, 12]. A recent study suggested that the
epigenetic modulation of theMMP-9 gene may contribute to the
pathogenesis of periapical granulomas and radicular cysts [13].
Furthermore, a possible correlation of MMP-9 polymorphisms
with chronic periodontitis has been reported [14].
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Because bacteria and their byproducts in the root canal system
are the primary causes of apical periodontitis, it is important to
develop an optimal root canal disinfection protocol [15].
Intracanal medicaments such as calcium hydroxide (Ca[OH]2)
[16] and chlorhexidine (CHX) gel [17] are widely used in root
canal treatments because of their antimicrobial and anti-
inflammatory properties. Although previous studies have evalu-
ated the anti-inflammatory properties of Ca(OH)2 [18] and CHX
gel [19], no study has investigated the effects of these two
intracanal medicaments on the secretion of VIP and MMP-9 in
periapical lesions after a root canal treatment. This is a critical gap
in the literature, because VIP andMMP-9may play an important
role in mediating the pathogenesis of periradicular periodontitis.
Several studies have revealed that intracanal medication affects
cytokine levels in apical periodontitis [20–22]. Therefore, it can
be hypothesized that the level of VIP and MMP-9 secretion
could be affected by the type of intracanal medication.The pres-
ent study investigated the effects of these intracanal medicaments
on MMP-9 and VIP secretion in periapical lesions. The null
hypothesis of this study was that the use of Ca(OH)2 paste and
CHX gel for intracanal medication would not affect VIP and
MMP-9 secretion levels in periapical lesions.

Material and methods

Patient selection

All study participants were selected from a pool of patients
who were referred to the Department of Endodontics, Faculty
of Dentistry, Atatürk University. The study protocol was ap-
proved by the ethical committee of the Faculty of Dentistry,
Atatürk University (decision no. 2017-28). All the patients
included in the study signed an informed consent form before
undergoing the treatment. The sample size calculation, which
was based on an error of α = 0.05, a power of 0.8, and an
effect size of 0.5, indicated that each group should include a
minimum of 27 patients. Therefore, the study included a total
of 60 patients (30 in each group).

Patients were included in the study if their teeth showed
asymptomatic or chronic apical periodontitis, if they had pre-
viously undergone primary root canal treatment, if their teeth
did not show any swelling, root fracture, ankyloses, or patho-
logical mobility with a pocket depth < 3 mm, and if they had
single-rooted teeth with one root canal. Exclusion criteria
were treatment with antibiotics within 1 month prior to the
study, the presence of internal or external resorption, and the
presence of any systemic disease.

Treatment protocol

The study patients were randomly divided into two groups
using a web program (www.randomizer.org), and the

number of each patient and the number of groups were
recorded. Before the treatment, the patients were
administered epinephrine (dilution, 1:100,000) containing 1.
8 ml of articaine HCl (Ultracaine DS Forte; Aventis, Istanbul,
Turkey) to induce profound local anesthesia. The teeth of the
patients were isolated using a rubber dam, and the crowns and
surrounding structures of the teeth were disinfected using 30%
H2O2 and 2.5%NaOCl for 30 s. Next, the effect of the NaOCl
was removed using 5% sodium thiosulfate. An access cavity
was opened under rubber dam isolation. Once root canal
filling material was detected, the mass of gutta-percha was
removed using a Reciproc R25 file (VDW, Munich,
Germany). Working lengths were determined using an elec-
tronic apex locator (Raypex 6; VDW) with a 15-K hand file
(Mani, Tochigi, Japan). Root canals were prepared using R25
and R50 Reciproc files at the determined working length. If
gutta-percha was detected radiographically, further prepara-
tion was performed using large-sized K-files. During instru-
mentation, the root canals were irrigated using 2 ml of 1%
NaOCl. Before sample collection, the root canals were irrigat-
ed with 5 ml of 1% NaOCl, 0.5% sodium thiosulfate, and
distilled water. Three sterile paper points were inserted into
the root canals through the root apex (2 mm) and were left in
place for 1 min to sample the VIP andMMPs secreted into the
interstitial fluid of apical tissues (s1) [21]. The paper points
used for sample collection had a tip size of 0.020 mm. After
being removed from the root canals, the paper points were cut
4 mm from the tip [21], and samples collected were stored in
Eppendorf tubes containing phosphate-buffered saline at −
80 °C. Before intracanal medicament placement, the root ca-
nals were rinsed for the final time by using 1 ml of 17% EDTA
(ENDO-SOLUTION; Cerkamed, Wojciech, Poland) follow-
ing 5 ml distilled water for both groups (calcium hydroxide or
chlorhexidine). Next, the root canals were dried using paper
points, and Ca(OH)2 paste (Calcicur; Voco, Cuxhaven,
Germany) or CHX gel (Gluco-CHex 2% gel; Cerkamed)
was placed into the canals at a distance of 1 mm less than
the working length by using an EndoActivator (Dentsply
Tulsa Dental Specialties, Tulsa, OK). Access cavities were
sealed using Cavit-G (3M ESPE, Seefeld, Germany), and
the patients were asked to re-visit the clinic 7 days after the
initial appointment.

During the second visit, the root canals were aseptically
opened under rubber dam isolation by using the same disin-
fection protocol described above. Intracanal medication was
irrigated using 5 ml of distilled water and was mechanically
removed using a master apical file. The root canals were irri-
gated again using 10 ml of saline solution. The Ca(OH)2 was
removed using 5 ml of 17% EDTA and distilled water with an
EndoActivator, and the CHX gel was removed using 10 ml of
distilled water with an EndoActivator. Samples were collected
as described previously and were stored at − 80 °C for further
analysis. Root canal obturations were performed using gutta-
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percha and root canal sealers, and permanent restoration was
performed after the obturation.

Quantification of VIP and MMP-9 secretion levels

VIP and MMP-9 levels were quantified using enzyme-linked
immunosorbent assay (ELISA) kits (for VIP: Eastbiopharm,
Hangzhou, China, Cat. No. CK-E90319; for MMP-9:
Affymetrix, eBioscience, San Diego, CA, USA, Cat. No.
BMS2016/2), according to the manufacturers’ instructions.
For the ELISA assays, the sample solutions did not receive
any specific treatment. The solution did not lyophilize because
there were not enough particles in the solution to initiate the
lyophilization procedure.

Standard and sample solutions were added to 96-well
plates precoated with specific anti-VIP and anti-MMP-9 anti-
bodies. Next, biotin-conjugated anti-human antibodies were
added to the wells. After incubation, the unbound biotin-
conjugated anti-human antibodies were removed by washing
the wells. Next, streptavidin-horseradish peroxidase (HRP),
which binds to biotin-conjugated anti-human VIP and
MMP-9 antibodies, was added to the wells, and the wells were
incubated for 60 min at room temperature. After washing to
remove unbound streptavidin-HRP, a substrate solution was
added to the wells. Finally, VIP and MMP-9 levels were de-
termined using an ELISA reader at an absorbance of 450 nm.
Tests for each biomarker were carried out in duplicate. The
results of the measurements were estimated using the standard
curves included in the VIP and MMP-9 assay kits.

Statistical analysis

The study data were analyzed using IBM® SPSS® Statistics
20 software (IBM SPSS Inc., Chicago, IL, USA). A general-
ized linear model analysis was performed to determine the
most effective factor (treatment group, sex, and smoking sta-
tus) associated with the difference in pre- and post-treatment
MMP-9 and VIP levels. For intra-group analysis, the
Wilcoxon test was used to compare pre- and post-treatment
VIP and MMP-9 levels because the data obtained were not
normally distributed. For inter-group analysis, the Mann-
Whitney U test was used to compare the percentage changes
between pre- and post-treatment MMP-9 and VIP values.
Data on gender and smoking status were analyzed using the
chi-square test. The significance value for all tests was set at
5% (P = 0.05).

Results

A total of 60 patients who were referred to the Department of
Endodontics, Faculty of Dentistry at Atatürk University were
included in the study. The preoperative demographic features
according to the patient groups are displayed in Table 1 below.
Statistical analysis demonstrated no significant differences be-
tween the groups in terms of gender, smoking habit, or age
(P > 0.05).

According to the generalized linear model analyses, the
pre- and post-treatment VIP levels, which were chosen as

Table 1 Distribution of patients according to smoking habbit, gender, and age

Parameter Vasoactive (n = 29) Intestinal peptide P Matrix (n = 30) Metalloproteinase-9 P
Ca(OH)2 CHX Ca(OH)2 CHX

Mean age (years) 28 ± 8.7 28.4 ± 9.4 0.482 27.9 ± 8.5 29 ± 9.2 0.634

Gender

Female 14 15 0.793 15 16 0.796

Male 15 14 15 14

Smoking habit

− 19 20 0.780 19 21 0.584

+ 10 9 11 9

− No smoking, + smoking

Ca(OH)2 (calcium hydroxide), CHX (chlorhexidine gel)

Table 2 Generalized Linear
Model findings for gender,
smoking habit, and type of
intracanal medication (group) on
the dependent variable BVIP and
MMP-9 secretion level^

Vasoactive İntestinal Peptide Matrix Metalloproteinase-9
Std. error Beta P value Std. Error Beta P value

Gender 299.225 0.195 0.133 1.668 − .131 .333

Smoking habit 318.803 − 0.076 0.551 1.771 .164 .229

Group 294.333 0.337 0.010* 1.624 .132 .315
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the dependent variable, were affected by the type of intracanal
medication (P < 0.05). However, the pre- and post-treatment
MMPs levels, which were chosen as the dependent variable,
were not affected by the type ofmedication (P > 0.05). Gender
and smoking habits had no effect on either pre- or post-
treatment levels of VIP or MMPs (P > 0.05) (Table 2).

Pre- and post-treatment levels of VIP and MMPs for the
Ca(OH)2 and CHX groups are shown in Figs. 1, 2, 3, and 4.
Intragroup analyses revealed that, in the Ca(OH)2 group, post-
treatment VIP levels were significantly higher than pre-treatment

VIP levels (P < 0.05). However, in the CHX group, there was no
statistically significant difference between the pre- and post-
treatment VIP levels (P > 0.05). Conversely, in the CHX group,
the post-treatment level of MMP-9 was significantly higher than
the pre-treatment level (P < 0.05), while in the Ca(OH)2 group,
there was no statistically significant difference between the pre-
and post-treatment levels of MMP-9 (P > 0.05).

Intergroup analyses revealed that there was no statistically
significant difference between the Ca(OH)2 and CHX groups
in the preoperative and postoperative percentage change in

Fig. 1 Box plots show mean
value of pre- and post-treatment
VIP levels for Ca(OH)2 group

Fig. 2 Box plots show mean
value of pre- and post-treatment
VIP levels for CHX group
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MMP-9 values. However, there was a statistically significant
difference between the Ca(OH)2 and CHX groups in the pre-
operative and postoperative percentage change in VIP values
(Figs. 5 and 6).

Discussion

During periapical inflammation, host cells in the periapical
tissues release several cytokines, chemokines, leukotrienes,

prostaglandins, and proteolytic enzymes into the periapical
area [1]. MMPs are proteolytic enzymes produced by neutro-
phil granulocytes, macrophages, eosinophils, and T cells [23]
and may play an important role in the degradation of the
ECM, leading to the development of periapical lesions [24].
In contrast, VIP, a neuropeptide, reduces inflammatory re-
sponse [25] and inhibits bone resorption by regulating osteo-
clast maturation via inducing the expression of key proteins
associated with osteoclast differentiation [6]. The results of the
present study indicate that the type of medication affected

Fig. 3 Box plots show mean
value of pre- and post-treatment
MMP 9 levels for Ca(OH)2 group

Fig. 4 Box plots show mean
value of pre- and post-treatment
MMP 9 levels for CHX group
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MMP-9 and VIP secretion levels, thus rejecting the null
hypothesis.

The results of the present study showed no significant differ-
ences between pre- and post-treatment MMP-9 levels in patients
in the Ca(OH)2 group. Because no study has evaluated the effect
of Ca(OH)2 onMMP-9 secretion levels, we cannot directly com-
pare our results with those of previous studies. However, several
in vivo and in vitro studies have evaluated the effect of Ca(OH)2
on bacterial lipopolysaccharide (LPS) [26, 27] and reported that
Ca(OH)2 lowers endotoxin concentration. Martinho et al. [28]
showed that increased endotoxin levels in root canals were pos-
itively correlated with high MMP-9 levels. In the present study,
intracanal treatment with Ca(OH)2 may have prevented the in-
crease in MMP-9 levels in periapical lesions because of its pos-
sible detoxifying effect on LPS.

The results of the present study have shown that post-
treatment VIP levels were significantly higher than pre-
treatment VIP levels in patients in the Ca(OH)2 group. VIP
expression levels are inversely correlated with the diameter of
chronic periradicular lesions [29]; VIP levels are higher in
periapical lesions with a small diameter. The ability of
Ca(OH)2 to reduce osteoclast-like cell differentiation [30]
may have shifted these lesions to the healing stage and in-
creased VIP levels. Moreover, Ca(OH)2 increases Th-2-type

cytokine levels [21], and the stimulation of Th-2-type cyto-
kines induces VIP expression [31]. However, there are several
factors that influence the immune response. Therefore, it is
more relevant to conclude that the medications were effective
in reducing intra-canal bacteria, and the host immune response
subsequently changed.

The results of the present study showed that post-treatment
MMP-9 levels were significantly higher than pre-treatment
MMP-9 levels in patients in the CHX group. CHX is a
water-soluble molecule with a pH between 5 and 7 [32] and
has a minimal effect on LPS [33]. Kato et al. [34] reported an
inverse correlation between MMP-9 secretion levels and pH
level. Specifically, they reported that MMP-9 secretion levels
were higher at a pH of 6.8 than at a pH of 7.3. The neutral pH
of CHX and its ineffectiveness against LPS may have pro-
duced an acidic environment in the periapical region, thereby
increasing MMP-9 levels. However, no significant difference
was observed between pre- and post-treatment VIP levels in
patients in the CHX group. This may be because of the min-
imal effect of the CHX gel on Th-2-type cytokine response
[21] and because VIP expression is positively correlated with
the stimulation of Th-2-type cells [33].

The present study evaluated MMP-9 because several stud-
ies have shown that MMP-9 is a multidomain enzyme that

Fig. 5 Preoperative-postoperative percentage change of MMP 9 levels for Ca(OH)2 and CHX groups

Fig. 6 Preoperative-postoperative percentage change of VIP levels for Ca(OH)2 and CHX groups
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plays an important role in acute and chronic inflammatory
diseases [35] and in the development of periapical lesions by
inducing osteoclastic resorption, probably by degrading the
ECM [36]. MMP-9 expression is high in periapical lesions,
suggesting a significant role in the pathogenesis of apical peri-
odontitis [13].

In the present study, periapical samples were collected using a
method similar to that reported by Martinho et al. [21]. EDTA
was used to remove Ca(OH)2 because a previous study reported
that EDTA is effective at removing Ca(OH)2 from root canals
[37]. EDTA reacts with calcium ions and forms soluble calcium
chelates [38], subsequently becoming easier to remove from root
canal walls [37, 39]. The chelating effect of EDTA is self-limiting
because equilibrium is formed when all ions have been bound
[40]. In addition, EDTAhasminimal antimicrobial effects [41]. It
was previously reported that EDTA has no significant effect on
biofilm viability [42] and was ineffective against E. faecalis even
after 60 min of contact [43]. In the present study, a 1-min EDTA
application was used to remove the Ca(OH)2. Therefore, it is
unlikely that removing the Ca(OH)2 using EDTA interfered with
the results of the Ca(OH)2 group. However, the CHX was re-
moved using distilled water because CHX easily dissolves in
water [32].

In the present study, 120 samples were collected for all
groups (60 preoperative and 60 postoperative). For each sam-
ple, the paper points were added to a 120-μl solution, so
100 μl of sample were obtained from each tooth. Then, the
100-μl solution was divided into two portions because the
lowest volume needed for an analysis was 50 μl. For each
sample, the absorbance was measured twice, and the mean
of the two measurements was used for the statistical analysis.
Consequently, 240 measurements (120 preoperative and 120
postoperative) were performed for all groups to increase the
statistical power.

According to the results of the present study, the type of
medication affected the amount of periapical VIP andMMP-9
secretion. VIP is a neuropeptide that promotes new bone for-
mation, and the present study was the first to reveal that the
level of VIP secretion in periapical lesions increases when
Ca(OH)2 is used for intracanal medication between treatment
visits. Further research is needed to investigate the effect of
intracanal medication with Ca(OH)2 and CHX on the level of
cytokine expression in periapical lesions.
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