J Periodontal Implant Sci. 2022 Apr;52(2):116-126
https://doi.org/10.5051/jpis.2102080104

JPIS A

pISSN 2093-2278-eISSN 2093-2286

Research Article
Periodontal Science

‘ M) Check for updates ‘

Applying nano-HA in addition to
scaling and root planing increases
clinical attachment gain

Ozge Uysal (® ', Giilbahar Ustaoglu 2, Onder Albayrak © 3,

Mustafa Tunali ® *

¥*, Mustafa Behcet

'Department of Periodontology, Dentistry Faculty, Bolu Abant Izzet Baysal University, Bolu, Turkey
?Department of Medical Microbiology, Faculty of Medicine, Bolu Abant Izzet Baysal University, Bolu, Turkey
3Department of Mechanical Engineering, Mersin University, Mersin, Turkey

“Department of Periodontology, Dentistry Faculty, Canakkale Onsekiz Mart University, Canakkale, Turkey

Received: Apr 7, 2021
Revised: May 8, 2021
Accepted: Jun 23, 2021
Published online: Oct 15, 2021

*Correspondence:

Giilbahar Ustaoglu

Department of Periodontology, Dentistry
Faculty, Bolu Abant Izzet Baysal University,
Dentistry Faculty, BAIBU Golkdy Yerleskesi,
Bolu 14030, Turkey.

Email: gulbaharustaoglu@hotmail.com
Tel: +905445675166

Fax: +903742700066

Copyright © 2022. Korean Academy of
Periodontology

This is an Open Access article distributed
under the terms of the Creative Commons

Attribution Non-Commercial License (https://

creativecommons.org/licenses/by-nc/4.0/).

ORCID iDs

Ozge Uysal
https://orcid.org/0000-0001-7904-058X
Gllbahar Ustaoglu
https://orcid.org/0000-0002-4205-861X
Mustafa Behget
https://orcid.org/0000-0002-5676-6983
Onder Albayrak
https://orcid.org/0000-0001-5918-3858
Mustafa Tunali
https://orcid.org/0000-0002-1251-3431

Funding

This study was supported by Bolu Abant Izzet

Baysal University Scientific Research Center
(Project No. 2020.06.05.1443).

https://jpis.org

ABSTRACT

Purpose: This study evaluated the efficacy of treating periodontitis using subgingival nano-
hydroxyapatite powder with an air abrasion device (NHAPA) combined with scaling and root
planing (SRP).

Methods: A total of 28 patients with stage III periodontitis (grade B) were included in this
study, although 1 was lost during follow-up and 3 used antibiotics. The patients were divided
into a test group and a control group. All patients first received whole-mouth SRP using
hand instruments, and a split-mouth approach was used for the second treatment. In the
test group, the teeth were treated with NHAPA for 15 seconds at 70% power per pocket.
Subgingival plaque samples were obtained from the 2 deepest pockets at the test and control
sites before treatment (baseline) and 3 months after treatment. The full-mouth plaque
index (PI), gingival index (GI), papillary bleeding index (PBI), bleeding on probing (BOP),
probing depth (PD) and clinical attachment level (CAL) were recorded at baseline and at

1- and 3-month post-treatment. Real-time polymerase chain reaction was used to determine
the colonisation of Treponema denticola (7d), Porphyromonas gingivalis (Pyg), and Aggregatibacter
actinomycetemcomitans in the subgingival plaque.

Results: From baseline to the first month, the test group showed significantly larger changes
in BOP and CAL (43.705%27.495% and 1.160+0.747 mm, respectively) than the control
group (36.311%z+27.599% and 0.947+0.635 mm, respectively). Periodontal parameters had
improved in both groups at 3 months. The reductions of PI, GI, BOP, PD, and CAL in the test
group at 3 months were greater and statistically significant. The total bacterial count and 74
and Py species had decreased significantly by the third month in both groups (2<0.05).
Conclusions: Applying NHAPA in addition to SRP improves clinical periodontal parameters
more than SRP alone. Subgingival NHAPA may encourage clot adhesion to tooth surfaces by
increasing surface wettability.

Keywords: Anaerobic bacteria; Hydroxyapatites; Periodontal debridement; Periodontitis;
Real-time polymerase chain reaction
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INTRODUCTION

Periodontitis is a chronic inflammatory condition caused by microbial dental plaque; in some
cases it is complicated by attachment loss in alveolar supporting bone and connective tissue
[1]. Microbial dental plaque and calculus must be removed at the initial stage of periodontal
therapy, as well as during periodontal maintenance care. Scaling and root planing (SRP)
procedures, conducted either manually and/or using ultrasonic devices, are currently the gold
standard in non-surgical periodontal treatment [2]. However, SRP has certain challenges;
specifically, it is difficult to access deep pockets, furcation areas, and root concavities

and to remove periodontopathogens, which attack dentinal tubules [3] and enter gingival
tissue [4]. Because it is not always possible to manage inflammation effectively using SRP
alone, a variety of ancillary therapeutic strategies are used in combination with it. These
involve systemic or local antibiotics, antiseptics [5], lasers [6], air abrasion devices [7,8]

and photodynamic therapy [9]. These approaches may improve the efficacy of conservative
periodontal treatment and reduce the need for periodontal surgery.

Air abrasion or air polishing devices are utilised to clean both teeth and their root surfaces by
applying compressed air containing abrasive particles and water. Such devices are effective
and suitable means of mechanically removing microbial dental plaque and calculus [10,11].
Flemmig et al. [12] suggested that using an air polishing device to treat moderate to deep
periodontitis was more effective than SRP in eradicating subgingival biofilms. However,
Wennstrom et al. [11] found no significant differences between SRP and glycine powder
used with air abrasion devices in terms of clinical or microbiological outcomes throughout
maintenance treatment. Various powders, such as calcium carbonate, erythritol, glycine,
and trehalose, have been used subgingivally with air polishing devices. However, it has not
been determined which powder is most effective for clinical and microbiological results [13];
therefore, new and improved procedures are needed.

In recent years, hydroxyapatite (HA) has been found to have many applications in the field
of health care, including bone growth stimulation, promoting remineralisation, slow
degradation, biocompatibility, and strength. Furthermore, the size of HA nanoparticles
makes HA the most abundant mineral in bones and teeth [14,15].

An in vitro study found that HA, which can be used as a bioactive and natural surface cleaning
powder, removed calculus and various stains on cement surfaces very effectively without
damaging them. A qualitative analysis of cement images taken after air polishing with HA
revealed that the cement surface was fully saturated with calcium and phosphorus [16].

The literature indicates that, to date, no study has yet investigated the effect of the use of
nano-HA powder with an air abrasion device (NHAPA) as an adjunct to SRP. We aimed to
assess the clinical and microbiological effects of nano-HA on wound healing after SRP. Using
NHAPA in addition to SRP may increase the wettability of the cement surface, improve the
efficacy of periodontitis treatment, and prepare a better environment for new attachment.
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MATERIALS AND METHODS

Study design, ethical approval, and patient population

This prospective randomised controlled clinical trial complied with the principles of the
Helsinki Declaration, as revised in 2008. Approval from the Ethics Committee of Bolu Abant
Izzet Baysal University was obtained before the study (date/number: 2018/268). All subjects
signed an informed written consent form prior to being enrolled in the study.

Patients who were referred to the Department of Periodontology of the Faculty of Dentistry
of our university between January 2019 and September 2019 were recruited. All participants
provided written informed consent. The sample size was estimated based on previous
publications [17] with a power of 95%; 0=0.05; and an effect size for probing depth
(PD)=0.5+0.7 mm. The minimum number of participants required for comparison was 19
for every group between 2 periods (G*Power version 3.1.9.2; Heinrich Heine University,
Dusseldorf, Germany). Nevertheless, after considering the possibility of losing participants
prior to follow-up, the number of participants included was 28. Four participants were later
excluded, so the study was completed with 24 participants (14 men and 10 women). The
Consolidated Standards of Reporting Trials flowchart is shown in Figure 1.

Determination of periodontal status and eligibility criteria

According to the new classification, stage III periodontitis is indicated by a clinical
attachment level >5 mm, a radiographical middle triad of the root and bone loss up to the
apical, loss of teeth due to periodontitis <4 mm, PD >6 mm, vertical bone loss >3 mm and
class II or III furcation. The inclusion criteria for this study were as follows: 1) stage III
periodontitis (grade B), good general health, and being between the ages of 18 and 60; 2)
>20 natural teeth in the whole mouth (except the third molar); and 3) having a minimum

Assessed for eligibility (n=187)

Excluded (n=159)

- Not meeting inclusion criteria (n=134)
- Declined to participate (n=20)

- Other reasons (n=>5)

Received to non-surgical periodontal treatment (n=28)
Randomized (n=28)

A, Y
Split mouth protocol-Control group Split mouth protocol-Test group

Allocated to intervention (n=28) Allocated to intervention (n=28)

- Received allocated intervention (n=28) - Received allocated intervention (n=28)

- Did not receive allocated intervention (n=0) - Did not receive allocated intervention (n=0)

! l

Allocation

Lost to follow-up

- At 1st month (n=1)

- At 3rd month (n=0)

- Using antibiotics (n=3)

!

Clinical and microbiologic analyzed (n=24)
- Excluded from analysis (give reasons) (n=0)

Lost to follow-up

- At 1st month (n=1)

« At 3rd month (n=0)

- Using antibiotics (n=3)

l

Clinical and microbiologic analyzed (n=24)
- Excluded from analysis (give reasons) (n=0)

Analysis

Flow chart of the study.
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of 2 symmetrical teeth, PD >6 mm and loss of mandibular or maxillary bone (radiologically
verified). The exclusion criteria were as follows: 1) smoking; 2) comorbidities that may
influence the progression of periodontitis; 3) being pregnant or lactating; 4) use of systemic
antibiotics in the preceding 6 months and/or use of anti-inflammatory drugs in the preceding
3 months; 5) having received periodontal treatment in the preceding year; and 6) extensive
prosthetic involvement.

Subgingival plaque sampling

Subgingival plaque samples were obtained from test and control sites before periodontal
treatment (baseline) and at the third month post-treatment. The 2 deepest pockets were
chosen for microbiological sampling. After supragingival plaque was removed, subgingival
plaque samples were obtained using sterile Gracey curettes (Hu-Friedy Group, Chicago, IL,
USA) and transferred to 1.5-mL Eppendorf tubes. The samples were maintained at ~-80°C
until analysis.

Clinical parameters

For each patient, the full-mouth plaque index (PI) [18], gingival index (GI) [19], papillary
bleeding index (PBI) [20], bleeding on probing (BOP), PD, and clinical attachment level
(CAL) were recorded at baseline (BL) and at the first and third months after treatment. PI,
GI and BOP were measured at 4 sites for every tooth, while PD and CAL were measured at 6
sites for each tooth (mesiobuccal, mid-buccal, distobuccal, mesio-lingual, mid-lingual and
disto-lingual). PD was measured as the distance between the bottom of a pocket and the
gingival margin, while CAL was recorded as the distance between the bottom of the pocket to
the cemento-enamel junction. All measurements were taken by a single calibrated examiner
(0.U.) using a Williams probe (Hu-Friedy Group). Supragingival calculus was removed

from all teeth using a Piezon Instrument A (EMS, Nyon, Switzerland). All clinical crowns
were polished with a polishing brush and Prophy paste (Sultan Healthcare, York, PA, USA).
Patients were educated about dental care and brushing techniques. For each patient, an
appointment for SRP was set 7-10 days following cleaning.

Five periodontitis patients were randomly selected for intra-examiner calibration. Full-mouth
PI, GI, PBI, BOP, PD and CAL were measured twice, 24 hours apart, before the study. The
intraclass correlation coefficients were as follows: PI, 0.934; GI, 0.997; PBI, 0.969; BOPD,
0.863; PD, 0.867; and CAL, 0.882.

Periodontal treatment and intervention

The periodontal pockets and root surfaces in both groups were treated with SRP using
Gracey curettes until the operator confirmed smoothness. Flattening of the root surface and
isotonic saline irrigation (5 mL/tooth) were then performed on all periodontal pockets. When
necessary, the treatment was conducted under local anaesthesia (Maxicaine Forte; Vem Ilac,
Istanbul, Turkey).

In the test group, nano-HA powder was administered to the root surface using a Perio-Flow
System (EMS, Geneva, Switzerland) for 15 seconds, at 70% power per pocket. A nozzle

tip specially designed for the gingival sulcus was embedded in the periodontal pocket, as
instructed by the manufacturer (Figure 2). After this procedure, the nano-HA powder spray
was applied to the root surface. The particle size of the powder was approximately 40 nm and
its calcium content was 34%—40% (Alfa Aesar No. 36731). All therapeutic interventions were
carried out by a periodontist experienced with the use of air abrasion devices. The SRP was

https://doi.org/10.5051/jpis.2102080104 19
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Figure 2. Application of nano-hydroxyapatite powder with a specially designed nozzle tip of the air polishing
system into the periodontal pocket.

completed by polishing the clinical crowns with a polishing brush and Prophy paste. Patients
whose oral hygiene was found to be inadequate were again instructed in oral hygiene practices.

Microbiological analysis

Treponema denticola (Td), Porphyromonas gingivalis (Pg), and Aggregatibacter actinomycetemcomitans
(Aa) are oral pathogens linked to dental caries and periodontitis. Our purpose was to
determine the colonisation of these 3 microorganisms on the subgingival plaque using
quantitative real-time polymerase chain reaction (PCR) assays. Until DNA extraction, each
sample was maintained at ~-80°C. DNA was then extracted using a Kurabo Tissue kit (Quick
Gene DNA; Kurabo, Osaka, Japan) and extraction machine (Quick Gene-mini 80; Kurabo).
All PCR assays were performed using NZYtech (Lisbon, Portugal) 77 (Cat No.: MD02971), Py
(Cat No.: MD02421), and Aa (Cat No.: MDOOO11) bacteria kits and a rotor-Gene Q (Qiagen,
Hilden, Germany) device. The amount of fluorescent signal (threshold cycle) given by the
bacteria was calculated for each cycle. In evaluating the quantitative results, positive controls
prepared according to the manufacturer's instructions were used. The positive control values
were entered in the relevant section in the Rotor-Gene Q Series software 2.0.2 and the copy
quantity (copies/pL) in the microliter corresponding to the threshold cycle for each sample
was calculated automatically.

Randomisation

After the whole-mouth SRP procedure, the patients' jaws were treated as separate parts,
according to the split-mouth protocol. The closed envelope technique was used for
randomisation. To determine which side of the jaw to apply NHAPA to, each patient selected
a closed envelope. Fourteen of the envelopes enclosed a note saying ‘left’ and 14 a note saying
‘right’; each patient received treatment on the side of the jaw indicated by the envelope they
chose. To avoid the Hawthorne effect, the same operation was applied to the control area
without operation of the device.

The following treatments were performed on the 4 groups of 7 patients each: group 1 received
SRP + NHAPA + saline on the right side of the jaw and SRP + saline on the left side of the jaw;
group 2 received SRP + NHAPA + saline on the left side of the jaw and SRP + saline on the
right side of the jaw; group 3 received SRP + NHAPA + saline on the right side of the mandible

https://doi.org/10.5051/jpis.2102080104 120
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and SRP + saline on the left side of the mandible; and group 4 received SRP + NHAPA + saline
on the left side of the mandible and SRP + saline on the right side of the mandible.

Statistical analysis
The data were analysed using SPSS version 23.0 (IBM, Armonk, NY, USA). The Shapiro—

Wilk test was used to evaluate whether the measured data showed a normal distribution.

The paired t-test was used for intergroup comparisons and repeated measures. Analysis of
variance was utilised for intra-group comparisons of variables with a normal distribution. The
Dunn-Sidak correction was performed to identify time points with significant differences.
Microbiological analyses were evaluated using non-parametric tests. The Wilcoxon signed-
rank test was used to analyse the microbiological data. The relationships between bacterial
colonisation and alterations in clinical parameters were determined using Spearman rank
correlation analysis. A Pvalue <0.05 was considered to indicate statistical significance.

RESULTS

Although 28 patients were initially included, 1 patient was lost prior to the first-month follow-
up and 3 patients had to be excluded because they required antibiotics. Therefore, the study
was completed with a total of 24 patients (14 men, 10 women) with a mean age of 39.79+7.988
years (range: 23-53 years). The number of teeth in this series was 26.46+1.50 (range: 23-28).

Clinical results
The number of teeth with a PD >5 mm was 738, and 238 were included in the test group. In
the whole mouth, there were significant decreases in PI, GI, PBI, BOP, PD, and CAL values
between BL and the first month, as well as between the first and third months (data not
shown). The intragroup comparison revealed significant decreases in the PI, GI, PBI, BOP,
PD, and CAL values at the third month compared to BL in both groups (Table 1).

Comparisons of the PI, GI, PBI, BOP, PD, and CAL mean scores between the test and control
groups at BL and at the first and third months are shown in Table 1. No statistically significant
differences were detected between the test and control groups for all clinical variables at BL.

Clinical parameters at baseline, 1 month, and 3 months after treatment

Parameter SRP+NHAPA (n=24) SRP (n=24)

BL ™ 3M BL ™ 3M
PI (index) 2.072+0.642 1.113+0.576% 0.761+0.479") 2.06+0.667 1.119+0.479% 0.791+0.48%
At 0.959+0.680 1.311£0.5709 0.940+0.702 1.269+0.6119
Gl (index) 2.018+0.498 1.191+0.48% 0.91+0.4239) 2.01+0.457 1.214+0.479% 1.002+0.4072°
At 0.827+0.687 1.109+0.583% 0.796+0.660 1.008+0.595°)
PBI (index) 1.612+0.901 0.504+0.57399 0.23+0.4029" 1.648+0.862 0.64+0.69439) 0.247+0.425%"
At 1.107+0.819 1.382+0.797 1.008+0.859 1.401+0.794
BOP (%) 81.409+20.562 37.704+22.08129 28.22+18.052%9 81.136+20.33 44.825+21.9999) 33.931+19.50490)9
AL 43.705+27.4959 53.189+23.577°9 36.311+27.5999 47.205+25.4329
PD (mm) 3.458+1.052 2.262:+0.686% 1.932+0.671909 3.361+0.96 2.348+0.726% 2.048+0.6429"°)
At 1.196+0.709 1.527+0.605° 1.013+0.600 1.313+0.602°)
CAL (mm) 3.673+1.126 2.513+0.84599) 9.176+0.86829 3.561£1.073 2.614+0.89%9 9.303+0.7789°9
At 1.160+0.747° 1.497+0.710°) 0.947+0.635°) 1.258+0.769°)

Values are given as meanzstandard deviation.
PI: plaque index, GI: gingival index, PBI: papillary bleeding index, BOP: bleeding on probing, PD: probing depth, CAL: clinical attachment level, SRP: scaling and
root planning, NHAPA: nano-hydroxyapatite powder with an air abrasion device, 1M: 1-month check, 3M: 3-month check; Af: changes from baseline.
aSignificant difference from baseline, P<0.05; P’Significant difference from 1 month, P<0.05; 9Significant difference between the test and control groups, P<0.05.
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API, AGI, ABOP, APD, and ACAL of teeth from which subgingival plaque samples were obtained in the
study groups

Changes (BL-3M) SRP+NHAPA (n=48) SRP (n=48) P values
API (index) 1.240+0.649 1.198+0.630 0.336
AGI (index) 1.170+0.639 1.097+0.812 0.478
ABOP (%) 54.167+44.027 59.083+40.322 0.818
APD (mm) 2.568+0.656 2.106+0.838 0.028%
ACAL (mm) 2.558+0.825 2.107+0.822 0.047?

Values are given as mean=standard deviation.

A: changes from baseline, PI: plaque index, Gl: gingival index, PBI: papillary bleeding index, BOP: bleeding
on probing, PD: probing depth, CAL: clinical attachment level, SRP: scaling and root planning, NHAPA: nano-
hydroxyapatite powder with an air abrasion device, 1M: 1-month check, 3M: 3-month check.

3Significant difference from baseline, P<0.05.

When we compared the time-dependent changes (hereafter denoted as A) in clinical
parameters between groups, the mean ABOP and ACAL values in the test group between

BL and the first month were statistically significantly higher than those of the control group
(P<0.005). The mean API, AGI, ABOP, APD, and ACAL values in the test group between BL
and the third month showed statistically significant differences compared to those of the
control group (P<0.005). There were no statistically significant differences in the mean APBI
values between the 2 groups (Table 1).

The mean APD and ACAL scores of the subgingival plaque samples taken from the teeth with
PD >6 mm between BL and the third month were significantly higher in the test group. There
were no noteworthy differences in the API, AGI, and ABOP values between the 2 groups
between BL and the third month (Table 2).

Microbiological results

The total bacterial count (TBC) and counts of the 77and Py species decreased significantly
between BL and the third month in both the test and control groups (2<0.05). However, the
quantity of the Aa species was not significantly different at the third month compared to BL
in either group. There were no significant differences in TBC, 74, Py, or Aa species between
the test and control groups at BL and the third month (Figure 3).

No meaningful correlations were found between the changes in clinical parameters and the
counts of 74, Py, or Aa of the teeth from which subgingival plaque samples were gathered at
BL and at the third month (Table 3).

DISCUSSION

Several studies have shown the technical limitations of conventional mechanical
debridement for controlling subgingival dental biofilms. New methods are needed to
increase the efficiency of non-surgical periodontal treatment. To our knowledge, this is the
first trial designed to assess the clinical and microbiological effects of NHAPA application
and SRP in periodontitis patients [21,22].

We found significant decreases in clinical parameters in both groups at the first and third
months compared to BL. Similarly, studies have shown that both using glycine powder in
addition to SRP and SRP alone significantly reduced clinical parameters compared to BL
[23,24]. One study found that the use of erythritol powder in addition to SRP improved
clinical parameters at the first month compared to BL; however, the results at 3 months after

https://doi.org/10.5051/jpis.2102080104 192
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Correlation between changes of clinical periodontal parameters and counts of the periodontopathogens

Variables SRP+NHAPA SRP
ATBC ATd APg AAa ATBC ATd APg AAa

API (index)

r 0.139 0.210 -0.122 -0a21 -0.167 -0.209 -0.154 -0.054

P 0.518 0.326 0.571 0.573 0.437 0.326 0.472 0.803
AGI (index)

r 0.332 0.365 0.039 0.125 0.251 0.174 0.053 -0.021

P 0.113 0.079 0.858 0.560 0.237 0.417 0.805 0.923
ABOP (%)

r 0.181 0.287 0.034 0.277 0.301 0.329 0.129 0.205

P 0.396 0.174 0.873 0.190 0.154 0.116 0.547 0.335
APD (mm)

r -0.262 0.075 -0.201 -0.067 0.061 0.101 -0.186 0.023

P 0.216 0.726 0.346 0.757 0.776 0.640 0.385 0.914
ACAL (mm)

r -0.185 0.050 0.004 -0.005 0.030 0.150 -0.290 -0.154

P 0.388 0.818 0.985 0.980 0.889 0.485 0.169 0.471

PI: plaque index, GI: gingival index, PBI: papillary bleeding index, BOP: bleeding on probing, PD: probing depth, CAL: clinical attachment level, SRP: scaling and
root planning, NHAPA: nano-hydroxyapatite powder with an air abrasion device, A: Change between baseline and third month, r: correlation coefficient, TBC:
total bacterial count, Aa: Aggregatibacter actinomycetemcomitans, Pg: Porphyromonas gingivalis, Td: Treponema denticola.

Porphyromonas gingivalis Aggregatibacter actinomycetemcomitans

https://jpis.org

300 4 ¢ Test ¢} Control 401 ¢ Test ¢} Control
200 1 T
20 A
100 A
®
0 - 0 - } 4 )
-100 -
-204 |
-200 -
BL 3M BL 3M
Treponema denticola Total bacterial count
2001 ¢ Test $ Control 400 1 ¢ Test ¢ Control
T 300
100 200 -
] 100 -
0- I [
0 -
~100 4 -100 -
-200 - -

BL 3M

BL 3M

Total bacterial count and relative levels of Treponema denticola, Porphyromonas gingivalis, and
Aggregatibacter actinomycetemcomitans at baseline and 3 months after treatment, compared between the test
and control groups.

treatment were found to be worse than those at the first month after treatment [17]. These
results may be associated with patients losing the motivation to maintain oral hygiene. In our
study, the changes in GI and PBI between BL and at the third month, as well as the changes
in BOP, PD and CAL between BL and at the first month, were significantly greater in the
group treated with air abrasion devices, including nano-HA and SRP, than in the group that
received SRP alone. In contrast, Caygur et al. [23] and Tsang et al. [24] found no noteworthy
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differences in the clinical parameters between their test and control groups after the use

of glycine powder in addition to SRP treatment. These variations may be attributed to the
type of powder used. The timing of treatment and the power setting used are also important
factors. In the current study, we utilised a powder composed of ingredients similar to those
of cement and bone to provide a suitable surface for wound healing and clot adhesion on the
root surface. In previous studies, nano-HA has been used as a clot-blended graft material
and as a powder with air abrasion device in the peri-implantitis decontamination method,
and was found to improve clot adhesion to titanium implant surfaces and increase surface
wettability [25,26].

In both groups, TBC and the numbers of 77and Py decreased significantly between BL and
the third month after treatment. Higi et al. [27] compared the microbiological outcomes of
SRP and EPAP treatment modalities for up to 6 months: In both the treatment and control
groups, they noted only mild alterations in microbiological composition after treatment and
no remarkable alterations in 74, Py, or Aa. The microbiological results of these tests, which
used the same treatment methods with different powders, indicate that powders do not
strengthen the effect of SRP on bacteria.

The microbiological results of our study indicated that the number of Az did not diminish
significantly in either group between BL and the third month after treatment. These results
confirm the findings of Darby et al. [28], who noted that the reduction in Aa levels after

SRP was less than that of other possible periodontopathogens. The lack of any noteworthy
differences in the number of Aa may be due to a failure to eliminate Az from deep pockets due
to its deep invasion into the gums and migration from other regions of the mouth.

In addition to SRP, nano-HA application with an air abrasion device may produce greater
improvement in clinical periodontal parameters. In our study, the mean APD and ACAL
scores of subgingival plaque samples taken from teeth with deep pockets between BL and 3
months were significantly higher in the test group. We think that the positive effect of our
treatment on clinical parameters may have resulted from modification of the cement surface,
as shown in 77 vitro studies [16]; it may also have contributed to periodontal wound healing
because it increases the hydrophilicity of the root surface by covering it with nano-HA powder
in alveolar bone and cement. However, the effects of applying nano-HA to the dentin surface
with an air abrasion device and the extent to which nano-HA treatment influences the healing
of periodontal pockets have not yet been clinically studied. Our findings need to be supported
by additional /17 vivo and clinical studies on this subject.

The present study is subject to certain limitations. Only 3 predominant periodontal
pathogens were evaluated, and the follow-up period was short. Therefore, further trials
with larger groups of patients and longer follow-up periods are warranted to determine
the advantages and disadvantages of NHAPA treatment for the clinical, inflammatory and
microbiological outcomes of periodontal disease.

To conclude, our results indicate that the treatment modality analysed herein can be a

safe and effective means of increasing the effectiveness of SRP in stage III periodontitis.
Subgingival nano-HA powder applied with an air abrasion device can improve clot adhesion
to the tooth surface and increase surface wettability. These features of nano-HA application
may increase clinical attachment, thus reducing the need for surgical periodontal treatment
in selected cases.
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