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Abstract
Objectives The purpose of this study was to compare the anti-inflammatory efficacy of sodium chloride- and a 0.12% chlor-
hexidine mouth rinses in patients undergoing minimal invasive periodontal surgery.
Materials and methods Forty-seven patients with a diagnosis of periodontitis and indication for access flap procedure were
randomly selected. Group A: a sodium chloride (salt)water-based mouth rinse (test group) or group B: a 0.12% chlorhexidine
mouth rinse (control group) administered after surgery. Gingival Index (GI) were evaluated in the whole mouth and in the
surgical site at baseline (T1), a week later (T2), and 12 weeks (T3) after the treatment. Total MMP activity was measured in GCF
using a commercial kit and plate reader. Medians of totalMMP activity and GI were compared for time intervals T1 vs. T2, T1 vs.
T3, and T2 vs T3 using Friedman tests and Wilcoxon signed rank tests, and were also compared between test and control using
Mann-WhitneyU tests at each timepoint.
Results The average GI values showed significant differences between baseline and T2 (p = 0.0005) and baseline and T3 (p =
0.003) in the test group.
Conclusion The sodium chloride-mouth rinse use after periodontal surgery seems to have similar anti-inflammatory properties as
CHX mouth rinse and can be used regularly postoperatively after periodontal surgical procedures.
Clinical relevance The use of salt water mouthwash showed an anti-inflammatory effect similar to CHX 0.12% after minimal
invasive periodontal surgery. Salt water mouthwash is accessible to the world population and can contribute on the healing
process after periodontal surgery.
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Periodontal surgery

Introduction

Periodontal diseases are considered one of the most prevalent
pathological conditions worldwide [1]. Its impact significantly
affects the oral, systemic health, and quality of life of the
individual, representing their treatment a high cost for the
patients and their relatives [2–6]. Local antimicrobials in the
form of rinsing have been used routinely by clinicians to con-
trol the supra- and subgingival biofilm, during or after peri-
odontal, implant, or oral surgery [7–10].

Mouthrinse first appeared as a formal practice, around
2,700 BC, in Chinese medicine, for the treatment of gingival
diseases. Also, they became popular among the upper classes
in the Roman period as a complement to mechanical cleaning.
In fact, the Roman writer and naturalist Plinio recommended
the use of saltwater as the mouthwash [11].
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In general, the ideal properties of mouth rinses should be
fast and safe, capable of eliminating the viability of the biofilm
in areas of difficult access, good taste, cheap and easy to use,
and able to reach the place of onset of the disease
(supragingival for gingivitis; subgingival for periodontitis)
[12–14].

Chlorhexidine is the most studied antimicrobial globally
and is the gold standard for the treatment of gingival inflam-
mation and has been widely used clinically [7]. However,
common side effects of CHX mouth rinse have been reported
and include reversible dryness of mouth, yellow-brown dis-
coloration of teeth and dorsum of the tongue, mild-to-
moderate irritation of oral mucosa, alteration in taste sensa-
tion, cytotoxic effects on human gingival fibroblasts, and
burning mouth condition [7, 15, 16].

Previous studies have reported that the use of saltwater as a
mouth rinse has an anti-inflammatory, anti-plaque effect and
can be used on wound healing and complications after dental
extractions and in patients with oral mucositis who received
radiotherapy or chemotherapy [17–21]. In addition, some ben-
efits include security, cost-effectiveness, and easy access [17].
However, the use of saltwater mouth rinse has been used em-
pirically by the clinician and the general population rather than
on demonstrable scientific evidence [22], especially when it is
referring to surgical periodontal therapy. It would be of great
interest to identify a mouthwash that is accessible to the world
population and that contributes to the prevention of highly
prevalent oral diseases, such as periodontal diseases and tooth
decay, contributing significantly to the oral health and quality
of life of many individuals.

Although there is little scientific evidence to support the
use of salt water as a mouthwash, there are some recommen-
dations in its use. Alling et al. [23] prepared the saline rinse
dissolving one level teaspoon of salt in a glass of warm water
(300–350 ml). The saline produced a hypertonic solution that
is believed to be bacteriostatic. It is widely known that salt has
antibacterial properties and preserves food when it is applied
in abundance because it absorbs water molecules [24–26].

Furthermore, one of the explanations for the antibacterial
effect of salt in the oral cavity is that it produces a change in
the pH of the oral cavity, which can inhibit biofilm formation.

The analysis of biomarkers in samples of gingival crevic-
ular fluid (GCF), saliva and oral rinsing can provide, along
with traditional clinical and complementary methods, addi-
tional information for health professionals regarding the pres-
ence of periodontal diseases, the need for treatment, or the
efficacy of the medication. This easily collected sample has
been used to study the levels of several molecules that are
released during oral wound healing in humans [27, 28].
Matrixmetalloproteinases (MMPs) are key proteases involved
in destructive periodontal diseases and wound healing pro-
cesses. MMP activity is tightly regulated through gene expres-
sion, proenzyme activation, and enzyme inhibition by

endogenous inhibitors, such as tissue inhibitors of MMPs
(TIMPs) [27]. Accordingly, endogenous total MMP activity
might provide a broader vision of periodontal inflammation
and wound healing.

To the best of our knowledge, no study has been published
from independent researchers/research institutions that fo-
cused on comparative results of commercially available
0.12% CHX and a saltwater mouth rinse after periodontal
access surgery. The present study aimed to investigate the
anti-inflammatory effect of saltwater or 0.12% CHX on peri-
odontal tissue healing after periodontal surgery. Besides, pa-
tient satisfaction and postoperative pain using both mouth
rinses were evaluated.

Materials and methods

Study design

This was a randomized prospective blind study conducted in
the Department of Periodontology, School of Dentistry
Pontificia Universidad Católica Madre y Maestra, Santo
Domingo, Dominican Republic. The study was conducted
based on a study protocol in accordance with the
Declaration of Helsinki (1975), as revised in 2013 and was
reviewed and approved by the Institutional Review Boards,
Bioethics Committee Faculty of Health Sciences Pontificia
Universidad Católica Madre y Maestra (COBE-FACS-EST-
CSTA-001-3-2014-2015).

Participants

Forty-seven patients (22 males and 25 females), aged between
30 and 68 years, with a diagnosis of periodontitis and an
indication of an open flap debridement were included to the
study. The investigation was based on the study protocol ex-
plained to the patients, and signed informed consent was ob-
tained before enrollment. Patients were included if they (1)
were individuals aged 18 years and 75 years; (2) had in gen-
eral good health; (3) were non-smokers;(4) were available
during the 12 weeks of the study; (5) presented periodontitis,
defined as the presence of at least three interproximal non-
adjacent sites with probing pocket depths (PPDs) of 4 mm
or greater and radiographic evidence of alveolar bone loss;
and (6) patients, who present PPD ≥ 6 mm after non-surgical
therapy and need periodontal access surgery. Patients were
excluded if they were (1) pregnant women and (2) taken anti-
biotics and/oranti-inflammatory drugs in the previous month;
(3) patients with orthodontic bands or other orthodontic appli-
ances; (4) with the presence of removable restorations; (5)
with the presence of oral pathology; (6) five or more teeth
with carious lesions; (7) patients, who have participated in
another study 1 month before the start of this study; (8)
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presented allergic products to personal care; and (9) patients,
who had a medical condition that contraindicated them from
consuming food or drinking fluids for periods of 4 h. The
surgeries were performed from January 2016 to August
2018. After informed consent was obtained, subjects complet-
ed the initial visit form and received an evaluation of their oral
soft tissues. Also, a full-mouth periodontal examination and
radiographic evaluation was performed. A periodontal diag-
nostic evaluation was performed using a North Carolina peri-
odontal probe (Hu-Friedy- PCP UNC15, Chicago, IL, USA).

Randomization and surgical protocol

A non-surgical periodontal therapy was performed on all 47
patients participants, consisting of oral hygiene instructions,
scaling, and root planing using hand instruments and ultrason-
ics. All participants were instructed to brush their teeth for 1
min, three times a day (morning, afternoon, and evening).
Four to six weeks after completion of the non-surgical peri-
odontal therapy, stable conditions, and minimal inflammation
of the supracrestal soft tissue was observed. All patients dem-
onstrated adequate plaque control with a full mouth plaque
score (O’Leary) [29] ≤ 20 % prior to surgery.

After the initial therapy, the groups were divided into an
experimental (test) or control group. Subjects were randomly
assigned to treatment groups at the time of surgery, and an
operator who performed the interventionwere blinded to treat-
ment assignment, which was successfully retained throughout
the entire duration of the study. Postgraduate students from the
Department of Periodontology participated in the surgical pro-
cedures following strict surgical protocol, always supervised
by an experienced operator.

After local anesthesia was administered using 2% lidocaine
with 1:100,000 epinephrine (DFL, Rio de Janeiro, RJ, Brazil),
surgical therapy was performed. A sulcular incision was made
with a #15 scalpel, allowing access to the bone crest utilizing a
minimal invasive full-thickness flap [30]. Instrumentation was
performed by automatic (ultrasonic) and manual root instru-
mentation. Caution was taken not to elevate beyond 2 mm of
the alveolar bone crest. Primary closure, without flap tension,
using nylon or vicryl 4.0 suture material was obtained in all
cases with a simple, interrupted sutures.

Postoperative instructions

Immediately after surgery, the mouth rinses were distributed
according to the previous randomization. GroupA (test group)
patients were asked to rinse their mouth, 30min after brushing
their teeth, twice per day with 15 ml of saline mouth rinse for
1 min and then to spit it out, and group B (control group) were
requested to rinse their mouth with 15 ml of 0.12% CHX
mouth rinse (Clorhexidina Lacer®) for a minute; all partici-
pants rinse in the morning and in the night, before going to

bed. Patients were instructed not to eat or drink for 30 min
after rinsing. The subjects were instructed to use only the
treatment products during the study period and a soft-bristle
brush for adults and regular toothpaste for home use. The
treatment products were supplied by the researchers, and there
were no restrictions regarding diet and habits during the
course of the study. The saltwater mouth rinse was prepared
using a sterile 8-ounce container of purified water and 7 g of
salt. Participants received the prepared rinses and a measuring
cup to use the required 15 ml. Patients were further motivated
with respect to oral hygiene habits during the entire period of
the study. Additionally, patients were advised to report to the
investigators any discomfort, taste disturbance, sensitivity or
burning sensation in the mouth that they experienced during
postoperative mouthrinse use. After 1 week, the patients
returned to remove the sutures, and a postoperative evaluation
was performed.

Gingival crevicular fluid sampling

At the selected teeth, GCF samples were obtained from the
middle site of each periodontal pocket in the subjects before
the start of treatment and at 1 and 12 weeks after surgery.
Before gingival GCF samples were obtained, the sites were
isolated to avoid saliva by using cotton rolls and drying with
the air syringe gently to avoid contamination. A supragingival
plaque was removed from the surface using a sterile curette. A
sterile paper point (#30, Maillefer, Ballaigues, Switzerland)
was carefully inserted 2 mm into the sulcus for 30 s [31].
The collected sample of each periodontal pocket was placed
in Eppendorf tubes before freezing at − 20 °C. All GCF sam-
ples were stored at − 20 °C until required for laboratory anal-
yses. Sterile paper points contaminated with blood were
discarded.

Primary and secondary outcome measures

The primary outcome of the study was the anti-inflammatory
effect of saltwater after periodontal surgery. Gingival index
(GI) [32] were registered at baseline, 1 week, and 3 months
after surgery of the selected teeth. Secondary outcomes in-
cluded the following: (a) Postoperative pain, (b) Mouthrinse
satisfaction, (c) Tasting; and (d) MMP activity. A Visual
Analogue Scale for postoperative pain, mouth rinse satisfac-
tion, and tasting were obtained and analyzed. All measure-
ments were performed by a single masked examiner (JC).

Analysis of MMP activity in the gingival crevicular
fluid

The collected GCFwas subsequently eluted in a constant ratio
of 80 μL buffer per strip in TCL buffer containing 50 mM
Tris-HCl pH 7.5, 0.2MNaCl, 5 mMCaCl2, and 0.01%Triton
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X-100 with the addition of an EDTA-free protease inhibitor
cocktail (Roche Diagnostics, Basel, Switzerland).

The total MMP activity levels were determined using a
commercial MMP fluorometric activity assay kit (Abcam,
USA ab112146MMP Activity Assay Kit) following the man-
ufacturer’s recommendations. The samples were loaded and
mixed into 96-well plates using 5-FAM/QXL TM 520 fluo-
rescence resonance energy transfer (FRET) peptide substrate
in assay buffer. The fluorescence of 5-FAM was recovered
and monitored at excitation/emission wavelengths (490/525
nm, respectively) at End-point on a microplate reader
(Synergy HT; BioTek Instrument Inc., Winooski, VT,
USA). Upon cleavage by endogenously activeMMP, the total
MMP activity was expressed as relative fluorescence units
(RFU).

Statistical analysis

Means and standard deviations of age were calculated for the
test and control groups and compared using an independent t
test. The percentage of gender was compared between the two
experimental groups using a Chi-square test. For repeated
measures of ordinal total MMP activity and GI, median and
interquartile range were calculated at baseline, 1 week, and 12
weeks for each group. Two series of comparisons were con-
ducted for these repeated measures: (1)within-group compar-
isons. For each test and control group, the overall significance
in timepoints was tested using Friedman tests. If the Friedman
test is significant, Wilcoxon signed-rank tests were used to
compare between two different time points (T1 vs. T2, T1
vs. T3, and T2 vs. T3) for each group. (2)between-group com-
parisons. Medians of measures at baseline, T2, and T3 were
compared between test and control using Mann-WhitneyU
tests. For postoperative pain, mouth rinse pain, satisfaction,
and tasting, between-group comparisons were performed be-
tween test and control usingMann-WhitneyU tests. Due to the
exploratory nature of this study and the small sample size,
p values were not adjusted for multiple comparisons, and p
value < 0.05 was considered as statistically significant. All
statistical analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC).

Results

Of the 47 patients invited to participate, 10 were excluded for
the following reasons: one was excluded due to decreased
probing depth after non-surgical periodontal therapy; one pa-
tient did not perform blood tests analysis; in one patient re-
generative surgery was indicated; one took antibiotics before
surgery; one because of general systemic health reasons; and
five missed follow-up appointments. The first 24 patients who
were enrolled in the study (11 test and 13 control), completed

the 3 samples of MMPs (Fig. 1). The participants in this clin-
ical trial had mean ages of 50.47 (± 12.28) and 47.65 (± 10.71)
in the test and the control group, respectively, and 41%
(Table 1). Forty-one percent of participants were females in
the test group and 60% in the control group. There are no
significant differences between test and control groups for
age and gender (Table 1).

Anti-inflammatory effectiveness

Medians and interquartile ranges of GI at each time point for
each group are presented in Table 2. Overall, there are signif-
icant over time in the lower Gingival Index (p = 0.004) and the
average Gingival Index (p = 0.003) in the test group. When
compared to baseline, the lower Gingival Index of the test
group has a significant reduction at T2 (p = 0.02) and T3 (p
= 0.001). No significant differences were observed between
T2 and T3, though (p = 0.31). Similar results were observed in
the average Gingival Index of the test group that significant
reductions were observed at T2 (p = 0.005) and T3 (p =
0.003). But no significant differences were found between
T2 and T3 (p = 0.52). No significant differences were found
when comparing the test and control group at each timepoint
(all -values > 0.10).

The p value obtained on the test and control groups for
postoperative pain values was 0.58, indicating no significant
difference between them. The same was observed when con-
sidered the mouth rinse satisfaction; no statistically significant
difference was observed between test and control groups (p =
1.00). For the mouth rinse tasting, the p-value of 0.12 indi-
cates no significant difference between the test and control
group (Table 3). In addition, none of the patients reported
discomfort, taste disturbance, sensitivity, or burning sensation
in the mouth with any of the mouthrinses.

Median of MMPs for test and control groups at each
timepoint are illustrated in (Table 4). No significant differ-
ences were observed in either Test or Control group over time.
There were no significant differences found between test and
control at each timepoint, either.

Table 1 Descriptive statistics of age and gender by test and control
group

Test
N = 17

Control
N = 20

p value

Age 50. 47 (12.28) 47.65 (10.71) 0.46*

Female 7 (41%) 12 (60%) 0.25**

* p value based on a two-sample t test comparing means of age between
test and control
** p value based on a Chi-square test comparing percentages of female
between test and control
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Discussion

The present study compared the anti-inflammatory effects of
saline mouth rinse with 0.12% CHX. Recently, a randomized
controlled pilot study was conducted comparing the effects of
two oral rinses: chlorhexidine 0.20% and seawater (Sea 4®
Encias) for reducing plaque and gingivitis indices [33]. Both
mouth rinses significantly reduced plaque accumulation and
Gingival Index when compared to each other. However, in
this pilot study, seawater mouth rinse was more effective
against plaque regrowth than chlorhexidine.

Aravinth et al. [18] compared the effectiveness of saltwater
rinse with chlorhexidine mouth rinse in reducing dental
plaque and oral microbial count. The minimum inhibitory

concentration of saltwater against S. mutans, L. acidophilus,
A. actinomycetemcomitans, and P. gingivalis was determined
by macrobroth dilution method. Saltwater was as effective as
chlorhexidine in reducing dental plaque (p = 0.19) and
A. actinomycetemcomitans (p = 0.35) count and while chlor-
hexidine was superior against S. mutans (p = 0.001),
L. acidophilus (p = 0.001), and P. gingivalis (p = 0.001).

It should be noted that in the present study, the inflamma-
tory response after 1 week of surgery was minimal for both
groups. This could be due to the surgical design and flap
management that involved interproximal tissue maintenance
with minimal exposure to the alveolar bone. Also, the suture
technique allowed optimal primary closure in all cases,
supporting adequate wound stability for tissue formation and

Fig. 1 Flow chart of patients in the study and study design (NaCL, sodium chloride; CHX, chlorhexidine)
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maturation. Apart from the access periodontal flap, no regen-
erative therapy was performed in any of the cases.

Chen et al. [34] evaluated the effectiveness of natural com-
pounds containing mouth rinse (NCCM) as an adjunct to unsu-
pervised oral hygiene in the management of dental plaque and
gingivitis. The authors showed that of the 13 NCCMs tested,
eight demonstrated positive results, and few reported any adverse
effects or events. However, they conclude that evidence is still
insufficient and further high-quality studies are required. For
hundreds of years, saltwater mouth rinse has been recommended
and used for various oral conditions, but as previously men-
tioned, most of these indications have not been scientifically
proven [22]. Although, in recent years there is evidence in the
literature of its use in different dental procedures [17–22, 33], the
present study provides the first scientific evidence of the use of a
saltwater mouth rinse after periodontal surgical treatment.
Evaluation of patient outcome reveals that there were significant
differences in the test and control groups for GI over time;where-
as no significant differences were found when comparing the test
and control groups, demonstrating that both chlorhexidine and
saline water mouth rinses can improve the periodontal condition
after periodontal surgery.

It is widely accepted that mouth rinses containing chlor-
hexidine in different concentrations have been shown to be
effective in controlling inflammation and biofilm and has been

used by clinics before, during, and after periodontal therapy
[14, 15]. Chye et al. [35] conducted a systematic review to
evaluate the effectiveness, side effects, and patient acceptance
of different concentrations and formulations of chlorhexidine-
based mouthwashes used after periodontal and implant sur-
gery. The authors reported a positive relationship between the
use of chlorhexidine and reduction of plaque and decrease of
inflammation after periodontal and implant surgery. However,
in the healing process, its effectiveness has generated contro-
versy, since CHX has been associated with tissue necrosis,
inflammatory reactions, and inhibition of regeneration [36,
37]. In a recent study, Coehlo et al. [16] investigated the cy-
totoxic effects of an enzymatic mouthwash and of chlorhexi-
dine mouthwash on human gingival fibroblasts. The results
showed that the cytotoxic effects of chlorhexidine on fibro-
blasts were identified at lower concentrations than those used
in clinical practice. Therefore, they concluded that the use of
chlorhexidine as an antiseptic in surgical and postoperative
situations should be limited. In contrast, Huynh et al. [38]
investigated the effect of short-term rinsing with a low con-
centration of NaCl on human gingival fibroblast (hGFs) in an
artificial wound in vitro. They concluded that short-term rins-
ing with NaCl promoted hGFs migration and increased the
expression of extracellular matrix as well as cytoskeletal
proteins.

In previous publications [39–41], CHX has been associated
with lower nitrate activity of oral bacteria and increased sys-
tolic blood pressure in healthy individuals. Bescos et al. [42]
investigated the effect of 7-day use of CHXmouthwash on the
salivary microbiome and several saliva and plasma bio-
markers in 36 healthy individuals. Saliva and blood samples
were taken at the end of each treatment to analyze the abun-
dance and diversity of oral bacteria and pH, lactate, glucose,
nitrate, and nitrite concentrations. The results showed that
lower saliva and plasma nitrite concentrations were found af-
ter using CHX, followed by a trend of increased systolic blood

Table 2 Medians (interquartile range) of GI and PI by test and control at baseline, T2, and T3

Endpoint Test Control

Baseline
median (IQR)

T2
median (IQR)

T3
median (IQR)

p value1 Baseline
median (IQR)

T2
median (IQR)

T3
median (IQR)

p value*

Gingival
index upper

1.12 (0.90, 1.20) 0.93 (0.90, 1.20) 0.77 (0.90, 1.20) 0.12 1.00 (0.86, 1.45) 0.75 (0.86, 1.45) 0.78 (0.86, 1.45) 0.14

Gingival
index lower

1.50 (1.00, 1.75)a 1.08 (1.00, 1.75)b 1.04 (1.00, 1.75)b 0.004 1.25 (1.00, 2.00) 1.20 (1.00, 2.00) 0.95 (1.00, 2.00) 0.08

Average GI
(UP + LO)

1.17 (0.90, 1.42)a 1.09 (0.90, 1.42)b 0.96 (0.90, 1.42)b 0.003 1.26 (1.00, 1.50) 1.14 (1.00, 1.50) 0.99 (1.00, 1.50) 0.15

*Overall p value based on Friedman test comparing overall difference among baseline, 1 week, and 12 weeks within test and control group
a,bWithin-group comparisons: comparing medians between baseline vs. T2, baseline vs. T3, and T2 vs. T3 based onWilcoxon signed-rank tests. Groups
with the same letter are no statistically significant

There is no significance difference between test and control at each timepoint based on Mann-Whitney U tests (data not shown)

Table 3 Median (minimum, maximum) by test and control group

Test Control p value*

Median (IQR) Median (IQR)

Postoperative pain 0.5 (0, 3) 1 (1, 2) 0.58

Mouthwash satisfaction 1.0 (0, 4.0) 1.0 (0, 2.5) 1.00

Mouthwash tasting 3.0 (1.5, 5.0) 1.5 (0.5, 3.5) 0.12

* Based on Mann-Whitney U tests comparing medians between test and
control
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pressure, demonstrating that mouthwash containing CHX is
associated with a major shift in the salivary microbiome, lead-
ing to more acidic conditions and lower nitrite availability in
healthy individuals.

Regarding the daily use regimen of the salt mouth rinse,
many recommendations by clinicians and the general popula-
tion have been given empirically. In the present study, both
groups rinsed twice a day for 7 days, with no statistically
significant difference in mouthrinse in terms of postoperative
pain, satisfaction, and taste values. In this aspect, Osunde et al.
[17] conducted a study to evaluate if the use of saline mouth
rinse following dental extractions reduces postoperative com-
plications. Group A (n = 40) were instructed to rinse the
mouth six times daily with warm saline and group B (n =
40) twice daily; group C (n = 40) were not instructed to irrigate
the mouth with warm saline and served as controls. They
concluded that warm saline mouth rinse is beneficial in the
prevention of alveolar osteitis after dental extractions in com-
parison with those who did not rinse. In addition, no signifi-
cant difference was found in the efficacy of the twice-daily or
six times daily warm saline mouth rinse regimen, ensuring
better compliance with the treatment in the twice-daily saline
mouth rinse regimen group. In a recent study, Hoover et al.
[22] evaluated a new mouth rinse containing sea salt, xylitol,
and lysozyme on biofilm formation and gingival health in a
group of young adults. The control group, maintained stan-
dardized oral health practices for the duration of the experi-
ment, and the test group rinsed with a tablespoon of the pro-
vided sea salt mouth rinse for 30 s once in the morning and at
night. Clinical parameters were measured at baseline and after
30-day, the results showed no statistically significant differ-
ences in the overall reduction from baseline in the mean
plaque and gingivitis scores.

In the current study, no statistically significant differences
were found for total MMP activity at the follow-up period
compared to the baseline for any of the study groups. A pre-
vious study confirm these findings regarding MMP activity
and levels, proposing a more prolonged inflammatory re-
sponse after a surgical procedure, which might involve in turn
a lingering wound healing when compared to conservative
periodontal treatment only [43]. Also, in our study, no signif-
icant difference was found for total MMP activity between test

and control groups, revealing that none of the study mouth
rinses had a perceivable impact on the overall proteolytic ac-
tivity at the analyzed follow-up period.

Because this was a prospective study, the periodontal diag-
nosis was initially based on the 1999 classification of peri-
odontal diseases [44], but with the 2017 Classification of
Periodontal and Peri-Implant Diseases and Conditions, these
patients would be diagnosed with periodontitis stages III–IV,
grade A [1].

As this is the first study comparing a saltwater mouth rinse
in inflammation after minimal invasive periodontal surgery, it
is not possible to compare with the results of other studies.
Therefore, further research is needed to determine the efficacy
of saltwater on periodontal inflammation and biofilm control.
Limitations of the present study also included that treatment
was provided by different operators, although supervised and
finalized by one experienced supervisor.

Conclusions

Within the limitation of the present study, it appears that the
use of saline mouth rinse after minimal invasive periodontal
flap surgery has similar clinical and anti-inflammatory prop-
erties as CHX mouth rinse and can be used regularly at earlier
stages of wound healing.
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Table 4 Median of total MMP activity by test and control group

Group Baseline
Median (IQR)

1 week
Median (IQR)

12 weeks
Median (IQR)

P value1

Test 27,412 (4102; 28,746) 26,713 (22,813; 28,156) 28,420 (26,171; 29,489) 0.15

Control 27,416 (8707; 28,618) 23,470 (13,439; 28,286) 27,353 (23,018; 29,430) 0.12

1 p value based on Friedman test comparing overall difference among baseline, 1 week, and 12 weeks within each group. There is no significance
difference between test and control at each timepoint based on Mann-Whitney U tests (data not shown)
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