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A B S T R A C T

Background: The aim of this work was to evaluate the efficacy of proanthocyanidins (PACNs)

as an adjunctive periodontal therapy in patients with periodontitis.

Methods: Patients with periodontitis (stage III−IV) were included in this randomised clinical

study. Patients with periodontitis received 2 different treatment modalities: minimally

invasive nonsurgical therapy only (MINST group) or minimally invasive nonsurgical ther-

apy and subgingival application of collagen hydrogels with PACNs (MINST + PACNs group).

Clinical periodontal parameters, that is, pocket probing depth (PPD), clinical attachment

level (CAL), bleeding on probing (BOP), plaque index (PI), were evaluated before treatment

and after 8 weeks. Concentrations of immunologic markers, matrix metalloproteinase-3

(MMP-3), and tissue inhibitor of matrix metalloproteinase-1 (TIMP-1) in saliva were

assessed at baseline and at 8-week follow-up.

Results: Forty-six patients diagnosed with periodontitis were randomised into 2 groups: 23

patients in the MINST group and 23 patients in the MINST + PACNs group received the

intended treatment. PACNs combined with MINST resulted in additional statistically sig-

nificant PPD reduction and CAL gain in moderate periodontal pockets by 0.5 mm (P < .05)

on average compared to MINST alone. Additional use of PACNs did not result in additional

statistically significant improvement of BOP or PI values. Application of PACNs showed sig-

nificant reduction of MMP-3 levels in saliva after 8 weeks (P < .05).

Conclusions: Adjunctive use of PACNs in MINST resulted in better clinical outcomes for

moderate pockets. Additional use of PACNs improved MMP-3 concentration in saliva more

than MINST alone. Biochemical analysis revealed that MMP-3 concentration in saliva

reflected the periodontal health state.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Periodontitis is a chronic infection that leads to gingival

inflammation, alveolar bone resorption, gingival attachment

loss, and tooth loss.1 Many studies report on the changes in

inflammatory biomarkers in saliva or gingival crevicular fluid

of patients with periodontitis and on the use of these findings

in disease diagnosis and further treatment.2,3 Specifically,

biochemical analysis of salivary samples revealed a wide
variety of inflammatory mediators, which include metallo-

proteinases (MMPs) and tissue inhibitors of MMPs (TIMPs).4

MMP and TIMP levels reflect the periodontal health: Higher

levels of MMPs and TIMPs are found in saliva or gingival crev-

icular fluid of patients with nontreated chronic periodontal

disease than in samples of patients with healthy periodontal

conditions or treated periodontal disease.5,6

Different variations of nonsurgical periodontal therapy,

such as minimally invasive nonsurgical therapy (MINST),

conventional one-stage or partial quadrant scaling and root

planing, and one-stage full mouth oral disinfection, demon-

strate successful treatment outcomes.7−11 A minimally inva-

sive treatment strategy is the new standard in modern

http://crossmark.crossref.org/dialog/?doi=10.1016/j.identj.2022.08.006&domain=pdf
http://creativecommons.org/licenses/by/4.0/
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periodontology. The term “minimally invasive nonsurgical

therapy” includes the careful scaling and root planing proce-

dure with the use of ultrasonic scalers with thin tips and

mini- and micro-curettes and magnification loupes, creating

a minimal wound and effectively removing subgingival

deposits.12 Conventional nonsurgical periodontal treatment

includes standard tips together with ultrasonic devices and

Gracey curettes for subgingival debridement. The MINST pro-

cedure was chosen instead of conventional nonsurgical peri-

odontal treatment in the protocol for the current trial for

more accurate elimination of the biofilm from deep periodon-

tal pockets. Nonsurgical periodontal therapy combined with

adjunctive treatment (eg, chlorhexidine chips, local and sys-

temic antibiotics, probiotic lozenges) shows additional

improvements on clinical findings.13−16

Proanthocyanidins (PACNs) are oligomers or polymers of

monomeric flavan-3-ols produced as an end product of the

flavonoid biosynthetic pathway.17 PACNs are found in diverse

structures of plants (leaves, flowers, fruits, or seeds).

Research has shown that PACNs demonstrate antioxidative,

anticancerous, anti-inflammatory, antimicrobial activities in

different fields of medicine.18 Recently, PACNs were proposed

as a viable adjunct to periodontal treatment.19 Preclinical

studies have shown high antibacterial and anti-inflammatory

capacities of PACNs, which could reduce periodontal inflam-

mation and promote periodontal tissue regeneration.20 In

addition, PACNs demonstrate a specific antibacterial charac-

teristic to attack periodontopathogenic bacteria (Porphyromo-

nas gingivalis) but save the oral commensal bacteria

(Streptococcus salivarius).21,22

Collagen hydrogels are widely used as active ingredient

carriers in pharmacology.23,24 In addition, research suggests

the use of collagen hydrogel as a scaffold for periodontal tis-

sue regeneration.25,26 Non−commercially available type I col-

lagen hydrogels were manufactured for research purposes in

the current study.

To the authors’ knowledge, no clinical study has been

done before to evaluate the effects of locally derived PACNs

on nonsurgical therapy of periodontitis. The aim of the cur-

rent clinical study was to assess the effects of collagen hydro-

gels with PACNs from Pelargonium sidoides DC root extract (a

detailed protocol for PACN sample preparation according to a

previous study20) as an adjunct to MINST in patients with

generalised periodontitis. In addition, biochemical analysis of

salivary biomarkers (MMP-3 and endogenous TIMP-1) was

performed. The null hypothesis of no statistically significant

differences in mean pocket probing depth (PPD) changes in

moderate pockets from baseline to 8 weeks between test

(MINST + PACNs) and control (MINST) groups was tested.
Materials andmethods

Trial design

We conducted a randomised clinical trial in the Department

of Dental and Oral Pathology at the Lithuanian University of

Health Sciences in Kaunas, Lithuania, from January to May

2019. Systemically healthy individuals with periodontitis

were involved in the study. All included patients must have
signed an informed consent form, were willing and able to

attend follow-up appointments, and agreed to coded data col-

lection. Patients were given enough time to analyse the proto-

col of the study and were free to exit the study at any time

without a specific reason. After they signed the informed con-

sent form, they were randomly assigned to the control or

experimental group (allocation ratio 1:1).

The study was performed according to CONSORT guide-

lines for randomised controlled clinical trials.27 This trial was

registered on 20 August 2021 (NCT05015387). Ethical permis-

sion was issued by the Regional Biomedical Research Ethics

Committee (No. BE-2-38). Detailed data supporting the pres-

ent study may be obtained upon reasonable request.

Participants

Male and female patients visiting the Department of Dental

and Oral Pathology at the Lithuanian University of Health Sci-

ences in Kaunas, Lithuania, were considered for enrollment.

Patients with periodontitis (stage III−IV) were included in

the study according to the 2017 World Workshop on the Clas-

sification of Periodontal and Peri�Implant Diseases and Con-

ditions.28 The inclusion criteria in treatment groups were as

follows:

� Patients with stage III and IV periodontitis with slow or

moderate rate of progression (A/B) (radiographic bone loss

extending to middle or apical third of the root, tooth loss

due to periodontitis, maximum probing depth ≥6mm, hori-

zontal and vertical [≥3 mm] bone loss)
� Systemically healthy individuals
� Those with ≥20 remaining teeth
� Patients aged 30 years or older

Patients were excluded if they:

� Had stage I and II periodontitis (radiographic bone loss in

coronal third, no tooth loss due to periodontitis, maximum

probing depth ≤5 mm,mostly horizontal bone loss)
� Had systemic disease(s)
� Had antibiotic therapy during the last 3 months
� Had periodontal treatment during the last 6 months
� Were pregnant or lactating
� Claimed to be allergic to the adjunct (PACNs)

Intervention

Patients with stage III and IV periodontitis were allocated by

the same examiner (RP) to 2 groups: The first group received

MINST only (MINST group), and the second group received

MINST and single-time subgingival application of collagen

hydrogels with PACNs (MINST + PACNs group). Non−com-

mercially available type I collagen hydrogels were manufac-

tured for the research purposes of the current study.

Prior to the clinical trial, patients received intraoral cavity

preparation (emergency dental treatment, hopeless teeth

extraction). Standardisation of the clinical trial was achieved

by professional oral hygiene and individual oral hygiene

instructions for each patient. During the 8-week term of the
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trial, the patients were informed not to use other chemical

control materials.

The clinical trial protocol included several appointments.

At baseline, all patients received a periodontal examination,

and saliva samples were collected. Samples of unstimulated

saliva were collected with 3 sterile cotton rolls deposited for 5

minutes in the oral cavity and stored in sterile tubes at �80 °
C. Both treatment groups underwent a full-mouth MINST pro-

cedure by a single periodontist (EA). The procedure was per-

formed in a sterile field. Under local anesthesia, the

participants underwent MINST with thin and delicate tips

together with ultrasonic (Acteon Satelec Suprasson P5

Booster) and hand instruments (Gracey micro-curettes [Hu-

Friedy] and mini-curettes [LM-Dental]) and magnification of

4.5£. During the MINST procedure, the periodontist was not

informed about the patients’ group assignment (MINST or

MINST + PACNs). After the procedure, patients’ group alloca-

tion was revealed to the periodontist (EA) by the examiner

(RP) and, accordingly, each patient either received adjunctive

treatment (the MINST + PACNs group received collagen

hydrogel chips with PACNs placed subgingivally in periodon-

tal pockets with PPD ≥4 mm) or had the procedure ended

without adjunctive therapy (MINST group). Postoperative

care instructions were given.

Patients returned for a follow-up appointment 8 weeks

after baseline. Periodontal reevaluation of encoded patients

was performed by a single examiner (EA). Unstimulated

saliva samples were collected in the same manner as men-

tioned earlier.
Outcomes

For data analysis, pockets were assigned into 2 categories:

moderate (PPD, 4−6 mm) and deep (PPD ≥7 mm).14,29 The pri-

mary outcome variable was the mean PPD change from base-

line in moderate sites at 8 weeks. Secondary outcome

variables were the mean PPD change from baseline in deep

sites at 8 weeks; the mean clinical attachment level (CAL),

bleeding on probing (BOP), and plaque index (PI) changes

from baseline in moderate as well as deep sites at 8 weeks;

and the mean MMP-3 and TIMP-1 changes from baseline at 8

weeks.

Examiner calibration was performed with the use of the

Cohen’s kappa coefficient (≥0.85). Ten patients with more

than 5 teeth with PPD and CAL ≥5 mm were selected and

examined twice (at a 15-minute interval between the first and

second measurements) with a universal periodontal probe

(PCPUNC156; Hu-Friedy).
Immunologic investigation

The relationship of clinical periodontal parameters and MMP-

3 and TIMP-1 levels was analysed to assess the efficacy of

PACNs in periodontal therapy. Concentrations of immuno-

logic markers, MMP-3, and TIMP-1 in saliva were assessed at

baseline and at 8 weeks following therapy.

For MMP-3/TIMP-1 detection, unstimulated saliva samples

were collected using a Salivette (SARSTEDT AG and Co) saliva

sample collection kit. Unstimulated saliva samples were
collected at baseline and at 8 weeks following therapy (MINST

or MINST + PACNs).

Immunologic investigation was performed by the same

examiner (RB). Samples were centrifuged at 3500 rpm (2 min)

and aliquoted, and a protease inhibitor cocktail (1 mg/mL)

was added to each sample. All samples were stored at �80 °C
and evaluated using enzyme-linked immunosorbent assay

(ELISA), according to the manufacturer’s instructions. MMP-3

and TIMP-1 concentration in saliva samples were examined

using commercial ELISA kits (Elabscience) and a Multiskan

Microplate Photometer (Thermo Fisher Scientific) at a 450-nm

wavelength. Results were calculated using the standard

curves formed by each assay for saliva and are given in

pg/mL.

Sample size

A sample size of 46 patients, 23 in each group (control and

test), was sufficient to detect a clinically important difference

in the mean PPD change from baseline in moderate sites at 8

weeks between the control and test groups using a 2-tailed t

test for mean difference with 78.9% power and a 5% level

(a=0.05).

Randomisation

A total of 46 patients with periodontitis were randomised into

2 groups. RP performed the coding and randomisation of the

participants in the treatment groups with a computer-gener-

ated randomisation table. At first, the patients were issued

unique numbers from 1 to 46. After the coding procedure, a

simple randomisation without restrictions was performed,

and 2 sets of randomised numbers were generated (23 each).

The allocation concealment was done by associating the first

set of numbers to the control group (MINST) and the second

set to the test group (MINST + PACNs).

Blinding

During the MINST procedure, the clinician (periodontist EA)

was not informed about the patients’ group allocation (MINST

or MINST + PACNs). After the MINST procedure, the patients’

group assignments were revealed to the clinician by the

examiner (RP), and accordingly the patients received the

intended treatment.

From the beginning of the clinical trial, the patients were

not informed which group they have been allocated to. The

periodontal treatment was performed under local anesthesia

in a sterile field (dental surgery face drapes were used) to

eliminate the possibility for patients to monitor the process

of the procedure. Thus, patients could not see or feel what

type of treatment (MINST of MINST + PACNs) they received.

Statistical methods

The effect of periodontal treatment was reflected by clinical

periodontal measures (PPD, CAL, BOP, and PI) and 2 biochemi-

cal measures (MMP-3 and TIMP-1 concentrations in saliva).

PPD, BOP, CAL, and PI were measured at 6 sites per tooth:

mesiobuccal, buccal, distobuccal, distolingual, lingual, and
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mesiolingual. The clinical measurements of third molars

were excluded from the study. Per-patient PPD and CAL of

moderate pockets at baseline (and at 8 weeks) were obtained

by averaging the PPDs and CALs in moderate sites for each

patient at baseline (at 8 weeks). Similarly, per-patient PPD

and CAL of deep pockets at baseline (and at 8 weeks) were

obtained by averaging the PPDs and CALs in deep sites for

each patient at baseline (and at 8 weeks). Per-patient PPD

(and CAL) change from baseline in moderate (deep) pockets

was obtained by averaging the PPD (and CAL) changes within

each patient by baseline PPD (4−6 mm or ≥7 mm). Per-patient

BOP (and per-patient PI) was obtained by calculating a per-

centage share of tooth sites with BOP (and plaque) for each

patient and by classifying pockets by baseline PPD (4−6 mm

or ≥7 mm).

Statistical analysis was performed with IBM SPSS 28 statis-

tic software package (IBM Corp.). Shapiro−Wilk test was per-

formed to assess whether clinical periodontal measures (per-

patient PPD, CAL, BOP, and PI) and biochemical measures

(MMP-3 and TIMP-1 concentrations in saliva) followed a nor-

mal distribution. Accordingly, if the data followed a normal

distribution, a paired-samples t test was done to obtain

before- and after-treatment comparisons within the groups. If

the assumption of normality was violated, related-samples

Wilcoxon signed rank test was done to obtain before- and

after-treatment comparisons within the groups. The between-

group comparisons of measures were determined by either

independent-samples t test in case the specific measure fol-

lowed a normal distribution or Mann−Whitney test in case

the specific measure followed a non-normal distribution. The

statistical significance level was considered at the .05 level.

Ethical approval was obtained from the Kaunas Regional

Biomedical Research Ethics Committee (No. BE-2-38). All

methods were carried out in accordance with relevant guide-

lines and regulations. All protocols were approved by the

Regional Biomedical Research Ethics Committee.
Results

Participant flow

Forty-six patients (stage of periodontitis III−IV) completed the

study. Each treatment group (MINST or MINST +PACNs) con-

sisted of 23 randomly selected patients. The number of par-

ticipants is shown in the CONSORT flow diagram (Figure 1).

Baseline characteristics

There were no statistically significant differences found

between the 2 groups (MINST or MINST + PACNs) regarding

age, gender, tobacco use (past or current), or periodontitis

stage at the baseline visit (Table 1).

Effect on clinical parameters

Effect on probing depth
The mean per-patient PPD dynamics in moderate (baseline

PPD 4−6mm) and deep (baseline PPD ≥7mm) pockets are pre-

sented in Table 2.
The mean PPD for moderate pockets in the MINST group

significantly differs from the mean PPD for moderate pockets

in the MINST + PACNs group at baseline (P < .001; Table 2).

Since the means showed statistically significant differences

between the groups at baseline, further analysis was done by

comparing the mean changes in PPD after 8 weeks from base-

line. The conclusions of the current study were also drawn

from the mean changes in PPD.

In both groups, the mean per-patient PPD of moderate and

deep pockets reduced statistically significantly after 8 weeks

compared to baseline. Specifically, after 8 weeks in the MINST

group the mean per-patient PPD reduced from 5.0 (SD = 0.3)

mm to 2.1 (SD = 0.6) mm in moderate pockets (P < .05) and

from 7.7 (SD = 0.7) mm to 2.7 (SD = 1.2) mm in deep pockets (P

< .05). The adjunctive application of PACNs to MINST after 8

weeks resulted in a mean per-patient PPD reduction from 5.5

(SD = 0.3) mm to 2.1 (SD = 0.5) mm in moderate pockets (P <
.05) and from 7.8 (SD = 0.5) mm to 2.7 (SD = 0.9) mm in deep

pockets (P < .05).

The comparison of mean per-patient change in PPD

between the 2 treatment types revealed that on average the

change in PPD was statistically significantly greater in moder-

ate pockets in the MINST + PACNs group compared to the

MINST group (Table 3).

Specifically, in moderate pockets the application of

adjunctive PACNs resulted in a 0.5-mm greater per-patient

PPD reduction (P < .05) on average compared to MINST alone.

However, in deep pockets no statistically significant differen-

ces were found in mean per-patient PPD between the 2 treat-

ment modalities.

Effect on BOP
The BOP dynamics in moderate and deep pockets are pre-

sented in Table 2. Both treatment modes had a positive effect

on reducing the inflammation in moderate and deep pockets,

as the per-patient BOP measures dropped after 8 weeks com-

pared to baseline. The reduction in per-patient BOP was sta-

tistically significant in both groups. However, the comparison

of per-patient BOP changes in moderate and deep pockets

between the groups did not show any significant differences

(Table 3).

Effect on salivary biomarkers

A goal of this study was to determine whether MMP-3 might

be considered as a biomarker of periodontitis. A total of 46

individuals with periodontitis were included in the study.

The effects of MINST and MINST + PACNs treatment on MMP-

3 and TIMP-1 levels in saliva are presented in Figure 2A and

2B.

The MMP-3 concentration in the MINST + PACNs group

reduced statistically significantly after treatment when com-

pared to baseline (Figure 2A). However, the MMP-3 concentra-

tion in the MINST group did not differ statistically

significantly after treatment when compared to baseline. No

statistically significant improvements were found in TIMP-1

concentration in saliva for either group after 8 weeks com-

pared to the baseline level (Figure 2B).

The effect of MINST and MINST + PACNs treatment on

change in MMP-3 and TIMP-1 concentrations in saliva is
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presented in Figure 3A and 3B. Figure 3A shows that MMP-3

values in saliva reduced in the MINST + PACNs group more

than in the MINST group, and this result is statistically signifi-

cant. The analysis of change in TIMP-1 concentration

revealed that no statistically significant improvements were

found in the change in TIMP-1 concentration in saliva

between the groups (Figure 3B).

No adverse effects were recorded over the whole study

period. In addition, we used the economic assumptions

and calculated cost-effectiveness of PACNs as a product.

Our conclusion is that adjunctive materials (eg, chlorhexi-

dine chips, tetracycline fibers) are similarly cost-effective

as PACNs.30
Discussion

The current study estimated the effects of PACNs on the

treatment of generalised periodontitis by analysing clinical

and immunologic parameters. The results showed that

adjunctive use of PACNs combined with MINST promoted

additional beneficial effects on clinical and immunologic

parameters. Adjunctive use of PACNs showed statistically sig-

nificantly higher PPD reduction in moderate periodontal

pockets.

To the authors’ knowledge, this clinical study is the first

randomised controlled clinical trial to evaluate the efficacy of

locally derived PACNs in the treatment of generalised



Table 1 – Clinical and demographic characteristics of sam-
ple population at the baseline.

Characteristic MINST MINST + PACNs P value
n = 23 n = 23

Age, y (mean § SD) 46.3 § 9.5 51.2§ 1.5 .109a

Gender, n (%)

Female 17 (73.9) 16 (69.6) .743b

Male 6 (26.1) 7 (30.4)

Tobacco use, n (%)

Current use 8 (34.8) 7 (30.4) .753b

No use 15 (65.2) 16 (69.6)

Periodontitis stage, n (%)

III stage 16 (69.6) 11 (47.8) .134b

IV stage 7 (30.4) 12 (52.2)

a Independent-samples t test.
b x2 test. (Significant differences indicated in bold)MINST, minimally inva-
sive nonsurgical therapy; PACN, proanthocyanidins.

Table 3 – Effect of MINST and MINST + PACNs on change in
clinical parameters after 8 weeks from baseline.

Reduction in
characteristic at 8 wk
from baseline

MINST MINST + PACNs P value
n = 23 n = 23

CAL, mm (mean § SD)

Moderate pockets 2.5 § 0.6 3.1 § 0.6 .002*

Deep pockets 3.4 § 1.0 3.7 § 1.0 .455*

PPD, mm (mean § SD)

Moderate pockets 2.9 § 0.6 3.4 § 0.6 .019*

Deep pockets 5.0 § 1.1 5.1 § 1.2 .805*

% sites with PPD

Moderate pockets 64.2 § 23.4 55.6 § 26.8 .345y

Deep pockets 17.2 § 17.2 30.3 § 19.7 .030y

≥5 mm 69.8 § 17.6 88.1 § 11.2 <.001y

≥6 mm 37.4 § 21.7 65.9 § 23.0 <.001y

≥7 mm 17.2 § 17.2 30.3 § 19.7 .030y

≥8 mm 9.4 § 11.7 18.6 § 15.8 .029y

≥9 mm 5.2 § 10.6 5.1 § 6.9 .632y

BOP, % sites (mean§ SD)

Moderate pockets 78.1 § 28.5 66.2 § 31.9 .168y

Deep pockets 74.8 § 32.5 64.0 § 33.8 .258y

PI, % sites (mean § SD)

Moderate pockets 46.6 § 34.2 46.9 § 43.9 .783y

Deep pockets 53.5 § 39.7 44.9 § 46.4 .663y

Significance level is .05 are shown in bold.

* Independent-samples t test (a=0.05).
y Independent-samples Mann−Whitney test (a=0.05).BOP, bleeding on prob-
ing; CAL, clinical attachment level; MINST, minimally invasive nonsurgical
therapy only; PACN, proanthocyanidins; PI, plaque index; PPD, pocket prob-
ing depth.
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periodontitis. Until now, only 2 clinical studies have reported

the investigation of clinical effects of systemically adminis-

tered PACN nutritional supplements on periodontal

health.19,31 In one study, systemically administered PACNs

decreased the culturable bacteria counts and resulted in sta-

tistically significant improvement of clinical measurements

(PPD, gingival bleeding index). 31 In another study, the nutri-

tional supplement made of PACNs induced an improvement

in periodontal health (lower gingival bleeding index and the

Silness and L€oe Index in the experimental group).19
Table 2 – Clinical characteristics of sample population at the baseline and after 8 weeks.

Characteristic MINST MINST + PACNs

n = 23 n = 23

Baseline 8 wk P value Baseline 8 wk P value

CAL, mm (mean § SD)

Moderate pockets 6.2 § 0.6 3.7 § 0.5 <.001* 7.0 § 0.7 4.0 § 0.9 <.001*
Deep pockets 9.2 § 1.0 5.8 § 1.1 <.001* 9.4 § 0.8 5.8 § 1.0 <.001*

PPD, mm (mean § SD)

Moderate pockets 5.0 § 0.3 2.1 § 0.6 <.001* 5.5 § 0.3 2.1 § 0.5 <.001*
Deep pockets 7.7 § 0.6 2.7 § 1.2 <.001* 7.8 § 0.5 2.7 § 0.9 <.001*

% sites with PPD

Shallow sites - 81.4 § 17.2 <.001z - 85.9 § 12.4 <.001z

Moderate pockets 81.0 § 17.5 16.9 § 14.4 <.001y 69.1 § 19.8 13.4 § 11.7 <.001y

Deep pockets 19.0 § 17.5 1.7 § 5.7 <.001y 30.9 § 19.8 0.6 § 1.7 <.001y

≥5 mm 79.7 § 12.9 9.9 § 12.0 <.001y 94.7 § 8.8 6.6 § 9.9 <.001y

≥6 mm 41.3 § 22.9 3.8 § 7.7 <.001y 68.6 § 21.8 2.7 § 5.5 <.001y

≥7 mm 19.0 § 17.5 1.7 § 5.7 <.001y 30.9 § 19.8 0.6 § 1.7 <.001y

≥8 mm 10.0 § 12.2 0.5 § 1.9 .001y 18.6 § 15.8 0.0 § 0.0 <.001y

≥9 mm 5.3 § 10.7 0.1 § 0.5 .008y 5.1 § 6.9 0.0 § 0.0 .005y

BOP, % sites (mean § SD)

Moderate pockets 91.4 § 16.4 13.3 § 18.2 <.001y 89.2 § 24.5 22.9 § 29.1 <.001y

Deep pockets 92.1 § 24.3 17.2 § 27.3 <.001y 91.2 § 24.7 27.2 § 32.2 <.001y

PI, % sites (mean § SD)

Moderate pockets 57.2 § 37.0 10.6 § 21.8 <.001y 69.5 § 33.7 22.6 § 33.6 <.001y

Deep pockets 65.1 § 40.5 11.6 § 26.8 <.001y 73.7 § 36.8 28.8 § 42.3 .002y

Significance level is .05 are shown in bold.

* Paired-samples t test (a=0.05).
y Related-samples Wilcoxon signed rank test (a=0.05).
z One-sample t test, test value = 0 (a=0.05).BOP, bleeding on probing; CAL, clinical attachment level; MINST, minimally invasive nonsurgical therapy; PACN,
proanthocyanidins; PI, plaque index; PPD, pocket probing depth.



Fig. 2 –Effect of specific periodontal treatment on MMP-3 (A) and TIMP-1 (B) concentrations in saliva in pg/mL by group and

visit. Periodontal treatment groups: MINST andMINST + PACNs. The boxplots of MMP-3 and TIMP-1 concentration in saliva

are presented.

#P < .05 vs MMP-3 concentration in saliva at the baseline, related-samplesWilcoxon signed ranks test.

MINST, minimally invasive nonsurgical therapy; MMP-3, matrix metalloproteinase-3; PACN, proanthocyanidins; TIMP-1,

tissue inhibitor of matrix metalloproteinase-1.

Fig. 3 –The effect of specific periodontal treatment on change in MMP-3 (A) and TIMP-1 (B) concentrations in saliva by group.

Periodontal treatment groups: MINST and MINST + PACNs. The boxplots of changes in concentrations of MMP-3 and TIMP-1

in saliva are presented.

#P < .05 vs the change in MMP-3 concentration in saliva in MINST group, Mann−Whitney test.

MINST, minimally invasive nonsurgical therapy; MMP-3, matrix metalloproteinase-3; PACN, proanthocyanidins; TIMP-1,

tissue inhibitor of matrix metalloproteinase-1.
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Clinical research investigating nonsurgical periodontal

therapy and adjunctive therapy agreed that locally derived

adjuncts showed an additional benefit in clinical parame-

ters.13 Research showed that adjunctive use of local antibiot-

ics in nonsurgical periodontal therapy demonstrated

statistically significant PPD reduction by 0.37 mm when com-

pared with control groups.32 According to recent research,

adjunctive use of locally derived sodium hypochlorite gel in

MINST resulted in additional reduction of PPD by 0.5 mm

(P = .001).33 Similarly, the current study showed that adjunc-

tive use of PACNs resulted in additional PPD reduction in

moderate periodontal pockets by 0.5 mm (P < .05) on average

compared to MINST alone. According to the literature34 and

the current trial, it can be concluded that nonsurgical peri-

odontal therapy should still be the first choice for initial treat-

ment of deep periodontal pockets due to the high PPD

reduction in deep pockets following treatment.

The results of the current study showed no statistically

significant differences in BOP values after treatment

between the groups. Collagen hydrogels release active sub-

stance (PACNs) and dissolve in periodontal pockets quite

rapidly (resorption rate usually takes ≥4 weeks).35 Regard-

less of the treatment group (MINST or MINST + PACNs),

later stages of the healing process may happen similarly

and therefore result in similar outcomes (BOP values).

This study implies that both treatment strategies may

help to reduce inflammation and improve periodontal

health in terms of BOP values.

MMPs are one of the most important proteinases, respon-

sible for hydrolysis of components of the extracellular matrix,

tissue remodeling, wound healing, and angiogenesis. MMPs

can degrade almost all compounds of extracellular matrix

and basal membrane, and their redundant activity can lead

to periodontal tissue degradation.36 Although the mecha-

nisms are not very clear, MMPs are usually known as tissue-

remodelling enzymes that are activated during an inflamma-

tory response.37 The decision to investigate MMP-3 and TIMP-

1 levels was chosen according to similar clinical studies. The

authors reported that higher MMP-3 and TIMP-1 levels corre-

lated positively with clinical parameters and were related to

significantly greater risk of progression of periodontal dis-

ease.4,38−40 Further analysis of MMP-3 and TIMP-1 levels was

included in the current clinical trial of nonsurgical periodon-

tal treatment with PACNs.

As mentioned earlier, preclinical studies have shown high

antibacterial and anti-inflammatory capacities of PACNs.20 In

vitro studies with PACNs show that they inhibit the produc-

tion of MMPs.41−43 The results of preclinical studies reflect

the conclusions of the current clinical study: MMP-3 values in

saliva reduced in the MINST + PACNs group more than in the

MINST group.

Our study focused on the analysis of MMP and TIMP propor-

tions to predetermine the level of periodontal tissue destruc-

tion in patients with periodontitis. More than 2 decades ago,

clinical trials suggested that MMP-3 and TIMP-1 levels may be

an additional parameter for periodontal health evaluation.44

Research reported that relatively low MMP-3 levels in gingival

crevicular fluid raise the question of whether there is enough

sensitivity and specificity for this biochemical marker to evalu-

ate periodontal disease progression.45 However, recent research
has shown that MMP-3 and TIMP-1 values may be used as an

indicator in the evaluation of periodontal health status.39,46−48

This clinical trial showed that MMP-3 levels in saliva are

related to the severity of chronic periodontal infection.

In addition, our study analysed MMP-3 and TIMP-1

changes in relation to nonsurgical periodontal therapy

(MINST and MINST + PACNs). Results showed that MMP-3 val-

ues in saliva were reduced significantly more in the

MINST + PACNs group than in the MINST group. This observa-

tion may suggest that additional use of PACNs in periodontal

treatment decreases MMP-3 concentrations in saliva more

than MINST alone. However, the analysis revealed that no

statistically significant differences were observed in the

change of TIMP-1 concentration between the groups.

There are some limitations of this study. Because the clini-

cal study was designed as a short-term trial (clinical reevalua-

tion 8 weeks after the treatment), it is necessary to determine

whether there were any long-term clinical results (at least 6

months after the treatment)49 of PACNs in MINST. The short

duration of the observation period of this study (8 weeks)

should be noted as a limitation. At 8 weeks posttreatment,

when the periodontal reevaluation is performed, further

instructions according to the EFP S3 level clinical practice

guidelines are followed.50 Regardless of the blinding used in

this trial, the study did not use placebo treatment to conceal

allocated treatment and to reduce bias. Moreover, smoking

status was not defined as an exclusion criterion. The mea-

surement of CAL was not included in the protocol of the cur-

rent study but we agree that clinical attachment level could

be useful reflective measurement of periodontal disease

severity.
Conclusions

Within the limits of this study, adjunctive use of PACNs with

MINST has been shown to result in additional PPD reduction

and CAL gain in moderate periodontal pockets compared to

MINST alone. Immunologic investigation showed that addi-

tional use of PACNs in MINST reduced MMP-3 concentrations

in saliva more than MINST alone.
Author contributions

All authors collaborated to generate a plan and perform all

the necessary experimental procedures. Rasa Pu�sinskait _e

performed the statistical analysis. Rasa Banien _e, Evelina

Alkimavi�cien _e, and Rasa Pu�sinskait _e analysed and summar-

ised the experimental results. Evelina Alkimavi�cien _e and

Rasa Pu�sinskait _e wrote the paper. Nijol _e Savickien _e, Nomeda

Basevi�cien _e, Rasa Banien _e, and Ingrida Marija Pacauskien _e

performed the interpretation of data and critically amended

the manuscript. All authors approved the final version to be

published.
Conflict of interest

None disclosed.



p ro anthocyan i d in s i n p e r i odonta l th e r a p y 203
Funding

This study is a part of project (“Engineering and Functionali-

zation of Delivery System With Pelargonium sidoides Biologi-

cally Active Substance on Inflamed Periodontal Surface

Area”). The research is funded by the grant (No.S-M-ERA.

NET-17-2) from the State Education Development Agency of

Latvia, Italian Ministry of Education, University and the

Research Council of Lithuania.
R E F E R E N C E S
1. Preshaw PM. Detection and diagnosis of periodontal condi-
tions amenable to prevention. BMC Oral Health 2015;15(Suppl
1):S5.

2. Barros SP, Williams R, Offenbacher S, Morelli T. Gingival crev-
icular fluid as a source of biomarkers for periodontitis. Perio-
dontol 2000 2016;70(1):53–64.

3. €Ayr€av€ainen L, Heikkinen AM, Kuuliala A, et al. Inflammatory
biomarkers in saliva and serum of patients with rheumatoid
arthritis with respect to periodontal status. Ann Med 2018;50
(4):333–44.

4. Gursoy UK, K€on€onen E, Pradhan-Palikhe P, et al. Salivary
MMP-8, TIMP-1, and ICTP as markers of advanced periodonti-
tis. J Clin Periodontol 2010;37(6):487–93.

5. Marcaccini AM, Meschiari CA, Zuardi LR, et al. Gingival crevic-
ular fluid levels of MMP-8, MMP-9, TIMP-2, and MPO decrease
after periodontal therapy. J Clin Periodontol 2010;37(2):180–90.

6. Rai B, Kharb S, Jain R, Anand SC. Biomarkers of periodontitis
in oral fluids. J Oral Sci 2008;50(1):53–6.

7. Pontillo V, Miziak DB, Maller ACPA, Nassar PO, Nassar CA.
Comparative clinical evaluation between conventional peri-
odontal treatment and full mouth disinfection. J Int Acad
Periodontol 2018;20(4):123–30.

8. Santuchi CC, Cortelli JR, Cortelli SC, et al. Scaling and root
planing per quadrant versus one-stage full-mouth disinfec-
tion: assessment of the impact of chronic periodontitis treat-
ment on quality of life — a clinical randomized, controlled
trial. J Periodontol 2016;87(2):114–23.

9. Graziani F, Cei S, Orlandi M, et al. Acute-phase response fol-
lowing full-mouth versus quadrant non-surgical periodontal
treatment: a randomized clinical trial. J Clin Periodontol
2015;42(9):843–52.

10. Graziani F, Karapetsa D, Alonso B, Herrera D. Nonsurgical and
surgical treatment of periodontitis: howmany options for one
disease? Periodontol 2000;75(1):152–88 2017.

11. Stein JM, Yekta-Michael SS, Schittenhelm F, et al. Comparison
of three full-mouth concepts for the non-surgical treatment
of stage III and IV periodontitis: a randomized controlled trial.
J Clin Periodontol 2021;48(12):1516–27.

12. Ribeiro FV, Casarin RCV, Palma MAG, J�unior FHN, Sallum EA,
Casati MZ. Clinical and patient-centered outcomes after mini-
mally invasive non-surgical or surgical approaches for the
treatment of intrabony defects: a randomized clinical trial. J
Periodontol 2011;82(9):1256–66.

13. Smiley CJ, Tracy SL, Abt E, et al. Systematic review and meta-
analysis on the nonsurgical treatment of chronic periodonti-
tis by means of scaling and root planing with or without
adjuncts. J Am Dent Assoc 1939;146(7):508–524.e5 2015.

14. Invernici MM, Salvador SL, Silva PHF, et al. Effects of Bifidobac-
terium probiotic on the treatment of chronic periodontitis: a
randomized clinical trial. J Clin Periodontol 2018;45(10):1198–
210.
15. Pretzl B, S€alzer S, Ehmke B, et al. Administration of systemic
antibiotics during non-surgical periodontal therapy-a consen-
sus report. Clin Oral Investig 2019;23(7):3073–85.

16. Soares LG, de Carvalho EB, Tinoco EMB. Clinical effect of Lacto-
bacillus on the treatment of severe periodontitis and halitosis:
a double-blinded, placebo-controlled, randomized clinical
trial. Am J Dent 2019;32(1):9–13.

17. Rauf A, Imran M, Abu-Izneid T, et al. Proanthocyanidins: a
comprehensive review. Biomed Pharmacother Biomed Phar-
macother 2019;116:108999.

18. Cos P, De Bruyne T, Hermans N, Apers S, Berghe DV, Vlietinck
AJ. Proanthocyanidins in health care: current and new trends.
Curr Med Chem 2004;11(10):1345–59.

19. D�ıaz S�anchez RM, Castillo-Dal�ı G, Fern�andez-Olavarr�ıa A,
et al. A prospective, double-blind, randomized, controlled
clinical trial in the gingivitis prevention with an oligomeric
proanthocyanidin nutritional supplement. Mediators
Inflamm 2017;2017:7460780.

20. Jekabsone A, Sile I, Cochis A, et al. Investigation of antibacte-
rial and antiinflammatory activities of proanthocyanidins
from Pelargonium sidoides DC root extract. Nutrients 2019;11
(11):E2829.

21. Savickiene N, Jekabsone A, Raudone L, et al. Efficacy of proan-
thocyanidins from Pelargonium sidoides root extract in reduc-
ing P. gingivalis viability while preserving oral commensal S.
salivarius. Mater Basel Switz 2018;11(9):E1499.

22. Nawrot-Hadzik I, Matkowski A, Hadzik J, et al. Proanthocyani-
dins and flavan-3-ols in the prevention and treatment of peri-
odontitis-antibacterial effects. Nutrients 2021;13(1):E165.

23. Jacob S, Nair AB, Shah J, Sreeharsha N, Gupta S, Shinu P.
Emerging role of hydrogels in drug delivery systems, tissue
engineering and wound management. Pharmaceutics 2021;13
(3):357.

24. Narayanaswamy R, Torchilin VP. Hydrogels and their applica-
tions in targeted drug delivery. Molecules 2019;24(3):603.

25. Momose T, Miyaji H, Kato A, et al. Collagen hydrogel scaffold
and fibroblast growth factor-2 accelerate periodontal healing of
class ii furcation defects in dog. Open Dent J 2016;10:347–59.

26. Kato A, Miyaji H, Ishizuka R, et al. Combination of root surface
modification with BMP-2 and collagen hydrogel scaffold
implantation for periodontal healing in Beagle dogs. Open
Dent J 2015;9:52–9.

27. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT
2010 statement: updated guidelines for reporting parallel
group randomized trials. Ann Intern Med 2010;152(11):726–32.

28. Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: framework and proposal of a new classification
and case definition. J Clin Periodontol 2018;45(Suppl 20)):
S149–61.

29. Grzech-Le�sniak K, Gaspirc B, Sculean A. Clinical and microbi-
ological effects of multiple applications of antibacterial pho-
todynamic therapy in periodontal maintenance patients. A
randomized controlled clinical study. Photodiagnosis Photo-
dyn Ther 2019;27:44–50.

30. Heasman PA, Vernazza CR, Gaunt FL, Pennington MW. Cost-
effectiveness of adjunctive antimicrobials in the treatment of
periodontitis. Periodontol 2000;55(1):217–30 2011.

31. Li M, Li R, Jin Q, Pang J, Xu Z. The efficacy of proanthocyani-
dins and secnidazole in the treatment of chronic periodontitis
after scaling and root planing therapy. J Biol Regul Homeost
Agents 2017;31(1):93–7.

32. Herrera D, Matesanz P, Mart�ın C, Oud V, Feres M, Teughels W.
Adjunctive effect of locally delivered antimicrobials in peri-
odontitis therapy: a systematic review and meta-analysis. J
Clin Periodontol 2020;47((Suppl 22)):239–56.

33. Iorio-Siciliano V, Ramaglia L, Isola G, Blasi A, Salvi GE, Sculean
A. Changes in clinical parameters following adjunctive local
sodium hypochlorite gel in minimally invasive nonsurgical

http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0001
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0002
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0003
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0004
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0005
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0006
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0007
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0008
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0009
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0010
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0011
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0012
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0013
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0014
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0015
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0016
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0017
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0018
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0019
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0020
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0021
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0022
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0023
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0024
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0025
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0026
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0027
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0028
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0029
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0030
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0031
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0032
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0033
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0033
http://refhub.elsevier.com/S0020-6539(22)00200-3/sbref0033


204 a l k imav i �ci en _e e t a l .
therapy (MINST) of periodontal pockets: a 6-month randomized
controlled clinical trial. Clin Oral Investig 2021;25(9):5331–40.

34. Mensi M, Scotti E, Sordillo A, Calza S, et al. Efficacy of the addi-
tional use of subgingival air polishing with erythritol powder
in the treatment of periodontitis patients: a randomized con-
trolled clinical trial. Clin Oral Investig 2021;25(2):729–36.

35. Mancini L, Romandini M, Fratini A, Americo LM, Panda S, Mar-
chetti E. Biomaterials for periodontal and peri-implant regen-
eration. Mater Basel Switz 2021;14(12):3319.

36. Buduneli N, Kinane DF. Host-derived diagnostic markers
related to soft tissue destruction and bone degradation in
periodontitis. J Clin Periodontol 2011;38(Suppl 11)):85–105.

37. Mohammed F, Smookler D, Khokha R. Metalloproteinases,
inflammation, and rheumatoid arthritis. Ann Rheum Dis
2003;62(Suppl 2):ii43–7.

38. Alpagot T, Bell C, Lundergan W, Chambers DW, Rudin R. Lon-
gitudinal evaluation of GCF MMP-3 and TIMP-1 levels as prog-
nostic factors for progression of periodontitis. J Clin
Periodontol 2001;28(4):353–9.
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