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Abstract

management of chronic periodontitis.

Background: EGCG is proven to be of good effect to relieve periodontal inflammation, but it has not been applied as
a local delivery medicine in patients with periodontitis widely. The aim of this clinical trial was to evaluate the adjunc-
tive effect of (-)-epigallocatechin gallate (EGCG) aqueous solution as a coolant during scaling and root planing in the

Methods: A double-blind, randomized controlled study was performed on 15 patients with moderate to severe
chronic periodontitis. The bilateral maxillary teeth were randomly divided into the test side and the control side on
every individual. On the control side, the periodontal therapy was routinely performed. And on the test side, in the
process of periodontal therapy, the distilled water in the ultrasonic scaler was replaced with a 5-mg/mL EGCG solu-
tion. The probing depth (PPD), clinical attachment level (CAL), bleeding index (Bl), gingival index (Gl), and plaque
index (Pl) were recorded at baseline and 6 and 12 weeks after the treatment.

Results: PPD, CAL, BI, Gl, and Pl generally improved after treatment in both groups. At the sixth week and the twelfth
week of review, PPD, CAL, Gl, and Pl had no statistical difference (p >0.05) between the two groups. At the review of
the twelfth week, Bl on the test side decreased significantly (p <0.05).

Conclusions: Using EGCG solution as the irrigant instead of water has an additional benefit on the bleeding index at
the 12-week review. However, the rest clinical parameters had no additional benefit.

Trial registration: ClinicalTrials.gov ChiCTR2000029831, date of registration: Feb 15, 2020.
Keywords: Epigallocatechin gallate, Catechin, Ultrasound, Scaling and root planing, Periodontitis

Introduction

Periodontitis is defined as an inflammatory disease
caused by specific groups of microorganisms and the
host defense system [1]. The destructive results of perio-
dontal inflammation include breakdown of alveolar bone,
attachment loss of junctional epithelium and eventually
loosening of teeth. The initial treatment for periodontitis
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is composed of daily using a dental brush and floss to
control dental plaques, and receiving professional scal-
ing and root planning to remove periodontal pathogens
[2]. When dealing with the deep pockets or furcation
involvements, however, clinical practitioners cannot
always clean them firmly by conventional hand instru-
ments and ultrasonic devices [3, 4]. Therefore, more and
more researchers focus on generally or locally applying
antimicrobial medicine as an adjunct to scaling and root
planning, which proved beneficial to control periodontal
infections [5—7]. Systemically using antimicrobial medi-
cine, such as metronidazole and amoxicillin, delivers
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effective ingredients to the bottom of deep pockets and
furcation of teeth through blood serum [8]. However,
general application of antimicrobial medicine for a long
term brings a lot of side effects which include allergy,
drug resistance, fungal infections, and drug interactions.
Compared with that, localized delivered drugs maintain
a high concentration in gingival cervical fluids directly,
which might reduce the occurrence of adverse reactions.

As the most abundant ingredient in green tea cat-
echin, EGCG also has the highest biological activity
which inhibits the growth of both gram-positive rods
and gram-negative rods. The bacteriostatic abilities
of EGCG could be explained that it damages bacterial
cellular membrane that exerts an important influence
when bacteria attach to host cells, while it reduces the
activity of bacterial syntheses related to toxic products
[9]. It was reported that the minimum inhibitory con-
centration of green tea catechin against Porphyromonas
gingivalis and Prevotella spp. in vitro is 1.0 mg/ml [10].
At a concentration of 250-500 pg/mL, EGCG could
restrain P. gingivalis to adhere to epithelial cells [11].
Sakanaka et al. [12] demonstrated that ECGC inhibits
the synthetic process of n-Butyric acid and propionic
acid in P. gingivalis. EGCG are also known inhibitors of
cysteine proteinases of P. gingivalis and protein tyrosine
phosphatase in Prevotella intermedia [13]. Therefore,
EGCG has a potential to decrease periodontal dam-
age from pathogens. In the meantime, EGCG regulates
the host immune system to reduce inflammation. Once
host cells get invaded by bacteria and their toxic prod-
ucts, a series of inflammatory factors will be released
and trigger hydrolase as well as reactive oxygen spe-
cies (ROS), which irritate osteoclasts to erode alveolar
bone. Some researches has proved that EGCG acts as a
cleaner for ROS in vivo. On the other hand, hydrolase,
such as matrix metalloproteinase-1(MMP-1), MMP-
8, and MMP-13, could accelerate collagen fibers’ col-
lapse in periodontal tissue. But EGCG is demonstrated
to inhibit the activity of MMP, which may contribute to
maintain periodontal health [9, 14].

Recently, many researchers use green tea catechin as
a local delivery medicine to treat periodontitis. Some
of them applied hydroxypropyl cellulose (HPC) strips
containing green tea catechin in deep pockets as a slow
release medicine, and clinical improvements of patients’
periodontal status were achieved [10, 15, 16]. And some
studies processed green tea catechin to gel form placed
into pockets of patients with chronic periodontitis [17,
18]. The clinical and microbiological effects of the cat-
echin were determined, which was beneficial to control
periodontitis. However, the follow-up periods of the
investigations above were within 8 weeks, and there lack
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long-time observation to prove the stable effects of green
tea catechin in treating periodontitis.

EGCQG is proven to be of good effect to relieve peri-
odontal inflammation, but it has not been applied as a
local delivery medicine in patients with periodontitis
widely. For the reason, researches yet did not include a
long-time follow-up beyond 3 months and there was a lot
of heterogeneity about the results of these studies. In the
present study, we applied EGCG solution (5mg/mL) as a
water supply for the ultrasonic device during scaling and
root planing. The additional beneficial effects of this new
delivery system for EGCG as an adjunct to scaling and
root planning were determined.

Materials and methods

Materials

(-)-Epigallocatechin gallate (EGCG, 94% purity) was pur-
chased from Sunphenon EGCG® (Taiyo Green Power
Company, Wuxi, China). The ultrasonic scaler was SKL
A7 (frequency: 24—33kHz) purchased from SKL Medical
Instrument Company (Guangdong, China).

The EGCG powder was dissolved in distilled water
about half an hour before each clinical trial to prepare
a 5-mg/mL aqueous solution of EGCG for use. It was
colorless and transparent and identical in appearance
with distilled water. The EGCG solution was filled in a
bottle wrapped up with tinfoil and tightened the cap, in
order to isolate air and light.

High-performance liquid chromatography (HPLC) analysis
In order to detect the purity of EGCG powder, we used
HPLC. Analytical conditions were referred our previous
study [19]. Chromatographic analysis was performed
on a Waters 2695 Series (Waters Technologies Shanghai
Limited, Shanghai, China) LC system containing a qua-
ternary pump, an online degasser, an autosampler, and a
thermostatic column.

Subject selection

The study protocol was documentarily approved by the
Ethics Committee of Peking University School of Stoma-
tology (No. PKUSSIRB-20183912) and was conducted
in accordance with the Helsinki Declaration of 1975, as
revised in 2000. It was registered in ClinicalTrials.gov
(ChiCTR2000029831). Patients who were diagnosed as
chronic periodontitis (with moderate-to-severe peri-
odontitis according to the 1999 International Classifica-
tion [20]) and referred for periodontitis treatment at the
Department of Periodontics, Peking University School
of Stomatology were invited to enroll in the study. The
selected subjects were explained about the study and
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those who decided to enroll in the study had to sign the
informed consent.
The inclusion criteria were as follows:

1) Age between 35 and 55 years old.

2) At least 2 teeth in each posterior region (upper right,
lower right, upper left, lower left posterior) had a
probing depth of 5-8 mm.

The exclusion criteria were as follows:

1) Patients having systemic diseases.

2) Patients who have received any topical or systemic
antimicrobial treatment in the past 6 months, includ-
ing the use of mouthwash.

3) Patients who had periodontal treatment in the past 6
months.

4) Pregnant and lactating mothers.

5) Less than 10 teeth remaining in the upper jaw except
the third molar teeth.

6) Smokers.

Clinical procedure

A split-mouth design was followed in the contralateral
quadrants. This study was a double-blind, randomized,
controlled clinical study. The upper jaw of the patient
was randomly divided into the control side and test side
according to a computer-generated list of random num-
bers by an investigator with no clinical involvement in
the trial, and the investigator prepared a solution.

Two weeks before baseline, all the subjects signed the
informed consent and received oral hygiene instruction
and supra-gingival scaling. Two physicians were ran-
domly divided as examiner and operator for one sub-
ject. The Kappa value of the consistency check between
two physicians was 0.925, and the Kappa values of the
consistency check with the chief physician were 0.925
and 0.935, respectively. Baseline probing depth, bleed-
ing index, gingival index, plaque index, and clinical
attachment level were recorded by the examiner. The
operator performed the treatment and divided two
sides into the control side and the test side. The exam-
iner and operator of one subject were permanent. Teeth
of test side received subgingival scaling with hand
instrument and ultrasonic scaler that distilled water in
which was replaced with 5 mg/mL EGCG solution. The
teeth of the control side received normal subgingival
scaling with a hand instrument and ultrasonic scaler.
The time spent on each therapy was about 30 min.

All the recordings of clinical parameters were
repeated at the end of 6th and 12th week after
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baseline (Fig. 1). At the review of the 6th week, two
sides received ultrasonic scaling with EGCG solution
and distilled water, respectively.

Clinical parameters

GI (Gingival Index, Silness & Loe), PPD (Probing
Pocket Depth), CAL (Clinical Attachment Level), PLI
(Plaque Index, Silness & Loe), and BI (Bleeding Index,
Mazza) were recorded using a periodontal probe (Hu-
Friedy, Chicago, USA) at baseline and 6 weeks and 12
weeks. All the parameters were assessed at the test and
control sites.

Sample size calculation

Prior to the study, the sample size was calculated
according to the standard deviation of the percent of
bleeding on probing (BOP) obtained from a previous
study [18]. At a 2-sided type I error of 0.05, 80% power
of detection, a sample of 15 subjects was required. To
compensate for potential dropouts, 18 subjects were
recruited for the study.

Statistical analyses

Statistical analysis was achieved by statistical software
SPSS for Windows Version 22.0. Repeated measures
analysis of variance test was used in the between-group
comparison of slopes, and Multivariate analysis of vari-
ance was used at each time point. Paired-sample ¢ test
was used in the intra-group comparison, and a p value
< 0.05 was accepted as significant.

Results

Before the clinical trial, the purity of EGCG powder
was detected. Table 1 showed that the purity of EGCG
was 92-93%. Fifteen out of 18 subjects completed the
study, and 3 subjects dropped out because of moving
to another city. None of the subjects has complained or
experienced adverse reactions after treatment. Table 2
showed the subject characteristics. There were 7 males
and 8 females involved in the study, the mean age was
36.67 + 6.70 years old. 612 and 600 sites were involved
in the test side and control side respectively. At base-
line, the mean PPD was 4.50 & 1.57mm, mean CAL was
4.70 £+ 2.17mm, mean BI was 3.23 £ 0.84, mean BOP
was 99.01 £ 9.91%, mean PLI was 1.58 &+ 0.68, mean GI
was 2.48 £ 0.52.

Probing pocket depth and clinical attachment level (sites
of PPD> 4mm at baseline)

At baseline, PPD was not significantly different between
the test side and control side (5.30 = 1.27mm vs 5.19
1.23mm, p=0.181) (Table 3). At the 6th week and 12th
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[ 2 weeks before baseline ] Oral hygiensinstruction
Supra-gingival scaling
Y
| Clinical parameters recording |
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:
Allocated to intervention Allocated to intervention
(Testside n=18) (Control side n=18)
Received subgingival scaling with 5 Received subgingival scaling with
mg/mL EGCG solution distilled water
)
6 week
Follow-Up
N 4 v
Lost to follow-up (moving to another city) (n=3) Lost to follow-up (moving to another city) (n=3)
)
3 month
Follow-Up
y
Lost to follow-up (n=0) Lost to follow-up (n=0)
v Analysis I
Analysed (n=15) Analysed (n=15)
Fig. 1 Flowchart of the study
Table 1 The purity of EGCG, detected by high performance  Table 2 Demographic data at baseline
liquid chromatography (HPLC) analysis Characteristics Data
Prepared Detected Purity Mean
concentration (mg/ concentration (mg/ Gender (male, female) 7,8)
mL) mL) Mean age (years) 36.67 & 6.70
10000 09326 93.26% 9274 4 0.74% Number o?tes Test: 612; contro:: 600
-~ . . .
10000 09216 92.16% Number ofsites (PPD>4mm) Test: 412; control: 382
- . . .
10000 09221 92.21% Number of sites (PPD>6mm) Test: 148; control: 126

week, PPD had statistical differences when compared
with baseline in both sides (p<0.001). Mixed models
were employed to account for the correlated data of
PPD. However, comparison between groups revealed a
similar change over time and showed an equal slope of
quadratic mixed models. Both of the reduction was on
the range of 1-1.3mm at the 6th week and of 1.7-2mm
at the 3rd month, with no statistical difference between
sides at any time point.

Mean PPD
Mean CAL
Mean BI
Mean BOP
Mean PLI
Mean Gl

450+ 1.57 mm
470 £2.17 mm
323+£084
99.01 £9.91%
1.58 £ 0.68
248 £0.52

At baseline, CAL was not significantly differ-

ent between the test side and control side (5.45 +
2.02mm vs 5.35 £ 1.89mm). Equally, At the 6th week
and 12th month, CAL had statistical differences when
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Table 3 Clinical variables (mean = standard deviation) of probing pocket depth (PPD) and clinical attachment level (CAL) at baseline
(TO), 6 weeks after baseline (T1), and 12 weeks after baseline (T2) (sites of PPD> 4mm at baseline)

Mean = standard deviation

Between-group p value Intra-group p value

T0 T1 T2 Comparison of slopes TOvsT1
TOvsT2
PPD (mm) Test 5304 1.27 4.04£135 3574+130 p =0.680 p <0.001*
p <0.001*
Control 5194123 402+£121 357+£1.08 p <0.001*
p <0.001*
Comparison p =0.181 p =0.888 p =0.960
2 groups at time point
CAL (mm) Test 545 4202 441 £1.86 371 £201 p=0918 p <0.001*
p <0.001*
Control 5354 1.89 445+£172 377 +£187 p <0.001*
p <0.001*
Comparison p =0.448 p =0.798 p =0.672

2 groups at time point

Repeated measures analysis of variance test was used in the between-group comparison of slopes. Multivariate analysis of variance was used in between-group
comparison at each time point. Paired-sample t test was used in the intra-group comparison

*p <0.05

compared with baseline in both sides (p<0.001). How-
ever, comparison between groups also revealed a simi-
lar change over time.

Probing pocket depth and clinical attachment level (sites
of PPD> 6mm at baseline)

At baseline, PPD was not significantly different
between the test side and control side (6.85 & 0.91mm
vs 6.83 &+ 0.79mm, p=0.910) (Table 4). At the 6th week

and 3rd month, PPD had statistical differences when
compared with baseline on both sides (p<0.001). How-
ever, comparison between groups revealed a similar
change over time and showed an equal slope of quad-
ratic mixed models.

At baseline, CAL was not significantly different
between test side and control side (7.13 £ 1.89mm vs
7.12 &+ 1.47mm). Equally, At the 6th week and 12th week,
CAL had statistical differences when compared with

Table 4 Clinical variables (mean = standard deviation) of probing pocket depth (PPD) and clinical attachment level (CAL) at baseline
(TO), 6 weeks after baseline (T1), and 12 weeks after baseline (T2) (sites of PPD> 6mm at baseline)

Mean =+ standard deviation

Between-group p value Intra-group p value

TO T1 T2 Comparison of slopes TOvsT1
TOvsT2
PPD (mm) Test 6.85 £ 091 5.04 £ 1.55 438 +158 p =0.658 p <0.001*
p <0.001*
Control 6.83 £0.79 5.02+133 428 +1.29 p <0.001*
p <0.001*
Comparison p=0910 p =0.887 p =0.563
2 groups at time point
CAL (mm) Test 7.13£1.89 559+ 198 481 211 p =0.806 p <0.001*
p <0.001*
Control 712+ 147 5.69 + 1.66 479 £1.71 p <0.001*
p <0.001*
Comparison p =0934 p=0973 p=0914

2 groups at time point

Repeated measures analysis of variance test was used in the between-group comparison of slopes. Multivariate analysis of variance was used in between-group
comparison at each time point. Paired-sample t test was used in the intra-group comparison

*p <0.05
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Table 5 Clinical variables (mean =+ standard deviation) of plaque index (PLI), gingival index (GI), and bleeding index (BI) at baseline

(TO), 6 weeks after baseline (T1), and 12 weeks after baseline (T2)

Mean + standard deviation

Between-group p value Intra-group p value

T0 T1 T2 Comparison of slopes TOvsT1
TOvsT2
PLI Test 1.63£0.71 0.78 £ 0.68 0.82 + 0.66 p =0.675 p <0.001*
p <0.001*
Control 157 £0.71 0.79 £ 0.62 0.82 £ 0.66 p <0.001*
p <0.001*
Between-group p value p =0.232 p =0.761 p =0.964
Gl Test 2.56 £ 0.50 1.86 £0.53 1.68 £ 0.55 p=0219 p <0.001*
p <0.001*
Control 2.58 £049 1.88 +£049 1.76 £ 0.54 p <0.001*
p <0.001*
Between-group p value p =0.559 p =0.568 p =0.539
3] Test 341073 2.12£082 1.85+0.76 p=0219 p <0.001*
p <0.001*
Control 343+ 0.74 210+0.74 1.99 + 0.80 p <0.001*
p <0.001*
Between-group p value p=0.733 p=0.723 p =0.014*

Repeated measures analysis of variance test was used in the between-group comparison of slopes. Multivariate analysis of variance was used in between-group
comparison at each time point. Paired-sample t test was used in the intra-group comparison

*p <0.05

baseline on both sides (p<0.001). However, comparison
between groups also revealed a similar change over time.

Plaque index, gingival index, and bleeding index

At baseline, most of the selected sites exhibited moder-
ate to severe gingival inflammation. PLI and GI were 1.60
£ 0.71 and 2.57 &+ 0.50 at baseline, respectively, with no
significant difference (Table 5). At the 6th week and 12th
week, PLI and GI were significantly decreased in both
sides when compared with baseline (p<0.001). However,
PLI and GI on the two sides revealed a similar change
over time, with no statistical difference between sides at
any time point.

As for BI, there was no statistical difference between
the test and control sides at baseline (3.41 & 0.73 vs 3.42
+ 0.74). At the 6th week and 12th week, BI had statis-
tical differences when compared with baseline in both
sides (p<0.001). When compared between groups, the
mean reduction of BI of the test side was significantly
higher than the control side at the 12" month (p=0.014).
However, comparison between groups revealed a similar
change over time as shown by an equal slope of quadratic
mixed models. On the other hand, we also calculated
the BOP. At baseline, BOP of both sides were 100%, and
comparison between groups revealed a similar change
over time.

Discussion

The main goal of the treatment of periodontitis is to
remove the plaque formed by the subgingival flora on
the root surface. Scaling and root planing is still the most
effective methods for mechanically removing plaque.
However, due to the complex anatomical shape of the
teeth, the instrument cannot effectively reach the infected
area, so it is difficult to completely remove the plaque
[21-24]. In order to achieve better plaque clearance, many
studies have combined topical antibiotics or antibacteri-
als in periodontal non-surgical treatment [25-28]. It was
reported that SRP combined with topical use of minocy-
cline could reduce the probing depth by an additional 0.49
mm, and topical use of tetracycline can reduce the prob-
ing depth by an additional 0.47 mm. Using metronidazole
and chlorhexidine could also get similar results. However,
because the elution rate of the drug in the periodontal
pocket was very fast and the maintenance time was short,
a higher concentration was needed to increase the bacteri-
ostatic effect and maintain a longer time, which may cause
some controversy [29-31], such as antibiotics may cause
bacterial resistance [32]. As an alternative to antibiotics,
chlorhexidine had a low possibility for inducing bacterial
resistance. However, due to the damaging effect of chlo-
rhexidine on the protein, when chlorine was transported
into the periodontal pocket during periodontal treatment,
it may be detrimental to periodontal tissue healing [33].
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As a natural product, EGCG has been widely recog-
nized for its ability to resist inflammation and anti-oxida-
tion and inhibit P. gingivalis and Plasmodium [13, 34]. In
addition to resisting inflammation and inhibiting micro-
organisms, EGCG can also inhibit MMP-9 expression
in osteoblasts, reduce osteoclast formation, and induce
osteoclast apoptosis to reduce alveolar bone absorption
through caspase-mediated apoptosis [13, 34]. It was also
demonstrated in animal experiments that it inhibited the
absorption of alveolar bone. EGCG can inhibit inflam-
matory alveolar bone resorption induced by lipopolysac-
charide by inhibiting membrane-bound prostaglandin
synthetase 1 and 2 (mPGES-1, mPGES-2) expression,
thereby reducing prostaglandin E2 induced by lipopoly-
saccharide. At the same time, EGCG can also inhibit
RANKL and prevent osteoblasts from differentiating into
osteoclasts [35]. In addition, in recent years, studies have
been conducted on oral EGCG in mice with periodontitis,
attachment loss, alveolar bone resorption, and expression
of inflammatory factors were inhibited [36, 37]. Moreover,
there are no reports of side effects in current clinical stud-
ies, so there is great potential for application in the treat-
ment of periodontitis.

In this study, we used an ultrasonic scaler as a means
of delivering drugs that differed from previous studies.
The premise of using this method is that the EGCG solu-
tion did not significantly decrease after being atomized
through the ultrasonic scaler, and our previous study has
shown that the 2 mg/mL EGCG solution was stable, and
5 mg/mL was used in this clinical study, which was more
stable [19].In terms of concentration selection, studies by
Asah et al. [38] and Hiraasaw et al. [10] showed that 0.50
mg/mL and 1.00 mg/mL were the lowest EGCG inhibi-
tory concentrations, respectively, whereas gel or chips
were used in the past, and the concentration previous
studies used was mostly above 10 mg/mL [17, 18], so the
concentration used in this study was safe and effective,
and no patients indicated that there was any discomfort
throughout the study. The experimental design method
of split-mouth was because the inflammation of both
sides of the chronic periodontitis patients was relatively
similar without obvious local promotion factors. In this
way, the effects of individual factors on the test side and
the control side could be minimized.

In previous studies, Hiraasaw et al. [10] reported that at
week 8, the mean probing depth in the test group which
used catechin HPC chips was significantly lower than
that of the control group which use placebo, but only 8
subjects were included. Kudva et al. [15] and Hattarki
et al. [16] also used catechin HPC chips, studies showed
probing depth, gingival index, and plaque index signifi-
cantly improved at 21 days and 5 weeks. Chava et al. [17]
delivered catechin in a thermoreversible slow-release
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gel into the periodontal pocket of patients with chronic
periodontitis. After 4 weeks, probing depth, clinical
attachment level, and the gingival index had significant
improvement compared to the placebo-treated group.
However, the longest-running study of Rattanasuwan
et al. [18], which injected a gel of catechin into periodon-
tal pockets, showed that from 1 to 6 months, probing
depth, clinical attachment level, plaque index, or gingival
index were not significantly different from those of the
placebo-treated group. Only bleeding on probing had a
statistical difference between the two groups at 3 months.
Probing depth and clinical attachment level in our study
also had no significant difference between the test side
and control side, which was inconsistent with the previ-
ous research results. However, the improvement of the
test side was larger than the control side, which seemed
to show the potential effect. On the other hand, the
bleeding index had significant improvement at 12 weeks.
The reasons for the differences in the results may be
that the frequency, concentration, and method of using
EGCQG differed from previous literature. In previous stud-
ies, whether using chips or a gelatinous agent, most of the
repeated administrations were performed several times
after subgingival scaling and root planing. But our study
was only administered at baseline and was not repeated
until the review, so the frequency of EGCG was lower
than in the previous literature. In terms of concentration
selection, as discussed above, the concentration of EGCG
used in this study was lower than in previous studies and
may have an impact on the results of the study.

As for the method of using EGCG, Gregory et al. [39]
evaluated the penetration depth of the water coolant for
medicament lavage of an ultrasonic scaler into periodon-
tal pockets, using a stain instead of distilled water to eject
from the tip of the ultrasonic scaler. The results showed
that the probing depth from 3.0 to 9.0 mm, the stain could
reach the position where the ultrasonic tip could reach,
which had a linear relationship with the probing depth. But
the disadvantage was that the area where the rinsing liquid
reached was relatively limited, basically along the working
path of the ultrasonic working tip, the dispersion of the
dye-colored stain was localized to the area of the ultra-
sonic probe with very little lateral dispersion. The study
implied that the ultrasonic instrument may be effective
to mechanically remove plaque and calculus at the same
time as delivering a chemotherapeutic agent to the base
of the periodontal pocket. On the other hand, the teeth in
the study of Gregory et al. [39] were clinically needed to
be extracted, the inflammation of the gingiva was heavy,
and the periodontal pockets were slack, probably were the
reasons why the stain could reach 9.0 mm. We thought
that the level of gingival inflammation, the tightness of
the periodontal pockets would influence the penetration
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depth of periodontal pockets that the drug could reach in
this method of administration. Moreover, Chapple et al.
[40] and Taggart et al. [41] also used an ultrasonic scaler
to deliver 0.02% chlorhexidine as an adjunct to scaling and
root planing. And there was no statistically significant dif-
ference between the two groups. In conclusion, previous
studies using tablets or gels for local administration may
maintain a longer elution time in the periodontal pock-
ets, whereas the present study used an ultrasound tip to
deliver EGCG which had a short elution time. Comparing
with the research of Wang et al. [42], a new-type scaler tip
with the terminal outlet was applied, which could deliver
EGCG solution to the bottom of periodontal pockets, the
results showed a significant PPD reduction after 6 months.
In this study, the solution originated from the base of
the tip rather than the top of the tip, so the EGCG aque-
ous solution may only reach a limited area in periodontal
pockets. Perhaps this was one of the reasons why EGCG
in the present study did not play a significant role. On the
other hand, the effect of EGCG may be covered up by scal-
ing and root planing. For the periodontal pocket where the
probing depth was not so deep, it would be improved by
complete scaling and root planing, thus whether the use of
EGCG could not be well-reflected.

In addition, the experimental design of the split-mouth
could eliminate the individual differences between the
test group and the control group as much as possible, but
the accompanying problem was that the EGCG solution
may flow to the control side during the treatment on the
test side, which was an interference with the results of
the control group. In order to avoid interference caused
by these factors as much as possible, only maxillary teeth
were chosen, and a strong suction was used in the course
of treatment to further prevent the rinsing liquid from
flowing to the opposite side.

In view of the above-mentioned problems, the subse-
quent research should include more deep periodontal
pockets, on the one hand, and improve the drug-delivery
method of EGCG, on the other hand, explore the appro-
priate concentration of EGCG solution, appropriately
enlarge the sample size, and extend the observation time.

Conclusions

Although the anti-inflammatory and microbial inhibi-
tory effects of EGCG have been widely recognized, clini-
cal studies on periodontitis have been rarely used, and the
observation time was generally short, resulting in a hetero-
geneous result. In the present study, the ultrasonic work
tip was used, and the EGCG aqueous solution was given
as an adjunctive modality to scaling and root planing. The
bleeding index had significant improvement at 12 weeks,
while probing depth and clinical attachment level had no
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additional benefit, probably because of a short duration
of EGCG, a low concentration of EGCG, or the method
of drug delivery. Nevertheless, the results of the present
study suggested that there were some benefits on EGCG
for chronic periodontitis, and more researches are needed.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-022-06298-6.

[ Additional file 1. }

Acknowledgements
We especially thank YuCai (Department of Periodontology, Peking University
School and Hospital of Stomatology, China) for his generous help.

Authors’ contributions

All authors have made substantial contributions to the conception and design
of the study. Qingxian Luan has been involved in the conception or design of
the work. Jiajun Zeng and Yanfeng Wang have been involved in data collection
and data analysis. Jiajun Zeng, Qiao Yuan, Yanfeng Wang, and Qingxian Luan
have been involved in data interpretation, drafting the manuscript, and revising
it critically and have given final approval of the version to be published.

Funding
This research was funded by the Capital Health Development Research Fund
of China grant number [2020-2-4103].

Availability of data and materials
The following information was supplied regarding data availability: The raw
data has been supplied as Supplemental Dataset Files.

Declarations

Ethics approval and consent to participate

The study protocol was documentarily approved by the Ethics Committee of
Peking University School of Stomatology (No. PKUSSIRB-20183912) and was con-
ducted in accordance with the Helsinki Declaration of 1975, as revised in 2000.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 15 November 2021 Accepted: 12 April 2022
Published online: 03 May 2022

References

1. Smalley JW. Pathogenic mechanisms in periodontal disease. Adv Dent
Res. 1994;8(2):320--8.

2. Badersten A, Nilvéus R, Egelberg J. Effect of nonsurgical periodontal
therapy. I. Moderately advanced periodontitis. J Clin Periodontol.
2010;8(1):57-72.

3. Brayer WK, Mellonig JT, Dunlap RM, et al. Scaling and Root Planing Effec-
tiveness: The Effect of Root Surface Access and Operator Experience*. J
Periodontol. 1989,60(1):67-72.

4. Fleischer HC. Scaling and root planing efficacy in multirooted teeth. J
Periodontol. 1989,60(7):402-9.

5. Haffajee AD, Socransky SS, Gunsolley JC. Systemic Anti-Infective Peri-
odontal Therapy. A Systematic Review. Ann Periodontol. 2003;8(1):115.

6. Winkel EG, Winkelhoff AJV, Timmerman MF, et al. Amoxicillin plus
metronidazole in the treatment of adult periodontitis patients. J Clin Peri-
odontol. 2001;28(4):10.


https://doi.org/10.1186/s13063-022-06298-6
https://doi.org/10.1186/s13063-022-06298-6

Zeng et al. Trials (2022) 23:368

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Kumar AJ, Reddy BVR, Chava VK. Effect of chlorhexidine chip

in the treatment of chronic periodontitis. J Nat Sci Biol Med.
2014;5(2):268-72.

Patil V, Mali R, Mali A. Systemic anti-microbial agents used in periodontal
therapy. J Indian Soc Periodontol. 2013;17(2):162-8.

WC Reygaert. The antimicrobial possibilities of green tea[J]. Front Micro-
biol. 2014;5(434):1-8.

Hirasawa M, Takada K, Makimura M, et al. Improvement of periodontal
status by green tea catechin using a local delivery system: a clinical pilot
study. J Periodontal Res. 2010;37(6):433-8.

. Sakanaka S, Aizawa M, Kim M, et al. Inhibitory Effects of Green Tea

Polyphenols on Growth and Cellular Adherence of an Oral Bacterium, \r,
Porphyromonas gingivalis. Biosci Biotechnol Biochem. 1996,60(5):745-9.
Sakanaka S, Okada Y. Inhibitory Effects of Green Tea Polyphenols on the
Production of a Virulence Factor of the Periodontal-Disease-Causing
Anaerobic Bacterium\r, Porphyromonas gingivalis. J Agric Food Chem.
2004;52(6):1688-92.

Okamoto M, Sugimoto A, Leung KP, et al. Inhibitory effect of green tea
catechins on cysteine proteinases in Porphyromonas gingivalis. Oral
Microbiol Immunol. 2010;19(2):118-20.

Ramasamy C. Potential natural antioxidants: adjuvant effect of green

tea polyphenols in periodontal infections. Infect Disorde - Drug Targets
(Formerly Current Drug Targets — Infectious). 2015;15(3):141-52.

Praveen K, Tawkhira TS, Kanwar SN. Effect of green tea catechin, a local
drug delivery system as an adjunct to scaling and root planing in chronic
periodontitis patients: A clinicomicrobiological study. J Indian Soc Peri-
odontol. 2011;15(1):39-45.

Hattarki SA. Evaluation of the efficacy of green tea catechins as an
adjunct to scaling and root planing in the management of chronic peri-
odontitis using PCR analysis: A clinical and microbiological study. J Indian
Soc Periodontol. 2013;17(2):204-9.

Chava VK, Vedula BD. Thermo-reversible green tea catechin gel for local
application in chronic periodontitis: a 4-week clinical trial. J Periodontol.
2013;84(9):1290-6.

Rattanasuwan K, Rassameemasmaung S, Sangalungkarn V, Komoltri

C. Clinical effect of locally delivered gel containing green tea extract

as an adjunct to non-surgical periodontal treatment. Odontology.
2016;104(1):89-97. https://doi.org/10.1007/510266-014-0190-1.

Zeng J, Xu H, Cai Y, Xuan Y, Liu J, Gao Y, et al. The effect of ultrasound,
oxygen and sunlight on the stability of (-)-epigallocatechin gallate. Mol-
ecules. 2018;23(9):2394.

ArmitageGC. Developmentofaclassificationsystemforperiodontal diseases
and conditions. Ann Periodontol. 1999;4:1-6.

Page RC, Offenbacher S, Schroeder HE, et al. Advances in the pathogen-
esis of periodontitis: summary of developments, clinical implications and
future directions. Periodontol 2000. 1997;14(1):33.

Ebersole JL, Dawson D, Emecen-Huja P, et al. The periodontal war:
microbes and immunity. Periodontol 2000. 2017;75(1):52-115.

Mombelli A, Schmid B, Rutar A, et al. Persistence patterns of Porphy-
romonas gingivalis, Prevotella intermedia/nigrescens, and Actinobacil-
lus actinomycetemcomitans after mechanical therapy of periodontal
disease. J Periodontol. 2000;71(1):14-21.

Mailoa J, Lin GH, Khoshkam V, et al. Long-Term Effect of Four Surgical Peri-
odontal Therapies and One Non-Surgical Therapy: A Systematic Review
and Meta-Analysis[J]. J Periodontol. 2015;86(10):1150.

Tonetti MS, Pini-Prato G, Cortellini P. Principles and clinical applications
of periodontal controlled drug delivery with tetracycline fibers. Int J Peri-
odontics Restor Dent. 1994;14(5):421.

Haffajee AD, Torresyap G, Socransky SS. Clinical changes following four
different periodontal therapies for the treatment of chronic periodontitis:
1-year results. J Clin Periodontol. 2007;34(3):243-53.

Mombelli A, Cionca N, Almaghlouth A. Does adjunctive antimicrobial
therapy reduce the perceived need for periodontal surgery? Periodontol
2000.2011;55(1):205-16.

Heasman PA, et al. Local delivery of chlorhexidine gluconate (Peri-
oChipTM) in periodontal maintenance patients. J Clin Periodontol.
2001;28(1):90-5.

Goodson JM, Holborow D, Dunn RL, et al. Monolithic tetracycline-con-
taining fibers for controlled delivery to periodontal pockets. J Periodon-
tol. 1983;54(10):575-9.

Page 9 of 9

30. Mombelli A, Lehmann B, Tonetti M, et al. Clinical response to local deliv-
ery of tetracycline in relation to overall and local periodontal conditions. J
Clin Periodontol. 1997;24(7).8.

31. Oosterwaal PJ, Mikx FH, Renggli HH. Clearance of a topically applied
fluorescein gel from periodontal pockets. J Clin Periodontol.
2010;17(9):613-5.

32. LarsenT, Fiehn NE. Development of resistance to metronidazole and
minocycline in vitro. J Clin Periodontol. 1997,24:254-9.

33. Mariotti AJ, Rumpf DA. Chlorhexidine-induced changes to human
gingival fibroblast collagen and non-collagen protein production. J Peri-
odontol. 1999;70:1443-8.

34. Okamoto M, Leung KP, Ansai T, et al. Inhibitory effects of green tea
catechins on protein tyrosine phosphatase in Prevotella intermedia. Oral
Microbiol Immunol. 2010;18(3):192-5.

35. Tominari T, Matsumoto C, Watanabe K, et al. Epigallocatechin gallate
(EGCG) suppresses lipopolysaccharide-induced inflammatory bone
resorption, and protects against alveolar bone loss in mice[J]. Wiley-
Blackwell Online Open. 2015;5.

36. Cho AR, Kim JH, Lee DE, et al. The effect of orally administered epigallo-
catechin-3-gallate on ligature-induced periodontitis in rats. J Periodontal
Res. 2014;48(6):781-9.

37. Yoshinaga Y, Ukai T, Nakatsu S, et al. Green tea extract inhibits the onset
of periodontal destruction in rat experimental periodontitis. J Periodontal
Res. 2014,49(5):652-9.

38. Asahi, Noiri Y, Miura J, Maezono H, Yamaguchi M, Yamamoto R, et al.
Effects of the tea catechin epigallocatechin gallate on Porphyromonas
gingivalis biofilms. J Appl Microbiol. 2014;116:1164-71.

39. Nosal G, Scheidt MJ, Oneal R, Vandyke TE. The penetration of lavage
solution into the periodontal pocket during ultrasonic instrumentation. J
Periodontol. 1991,62(9):554-7. https://doi.org/10.1902/jop.1991.62.9.554.

40. Chapple ILC, Walmsley AD, Saxby MS, et al. Effect of Subgingival Irriga-
tion With Chlorhexidine During Ultrasonic Scaling*. J Periodontol.
1992;63(10):812-6.

41. Taggart JA, Palmer RM, Wilson RF. A clinical and microbiological compari-
son of the effects of water and 0.02% chlorhexidine as coolants during
ultrasonic scaling and root planing. J Clin Periodontol. 1990;17(1):6.

42. Wang, Zeng J, Yuan Q et al. Efficacy of -epigallocatechin gallate
delivered by a new-type scaler tip during scaling and root planing on
chronic periodontitis: a split-mouth, randomized clinical trial[J]. BMC Oral
Health. 2021;21:79.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1007/s10266-014-0190-1
https://doi.org/10.1902/jop.1991.62.9.554

	The effect of (-)-epigallocatechin gallate as an adjunct to non-surgical periodontal treatment: a randomized clinical trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Materials and methods
	Materials
	High-performance liquid chromatography (HPLC) analysis
	Subject selection
	Clinical procedure
	Clinical parameters
	Sample size calculation
	Statistical analyses

	Results
	Probing pocket depth and clinical attachment level (sites of PPD≥ 4mm at baseline)
	Probing pocket depth and clinical attachment level (sites of PPD≥ 6mm at baseline)
	Plaque index, gingival index, and bleeding index

	Discussion
	Conclusions
	Acknowledgements
	References


