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ABSTRACT

Introduction: Oral hygiene instruction (OHI) is essential during periodontitis treatment.
Various OHI approaches have been explored, including mobile apps.

Objective: To evaluate the mobile app-based OHI's effect on periodontitis management by
analyzing clinical parameters and subgingival microbiota.

Methods: Forty-four periodontitis patients were randomly assigned into two groups. The test
group (n=22) received scaling and root planing (SRP), OHI, and mobile app-based OHI,
whereas the control group (n=22) received SRP and OHI. Full mouth plaque score (FMPS),
bleeding on probing (BOP) and probing pocket depth at the sampling sites (site-PPD) were
assessed at baseline, one- and three-month visits. The 16S rRNA next-generation sequencing
(NGS) was used to analyze subgingival plaque samples.

Results: Significant reduction in FMPS, BOP, and site-PPD at one- and three-month visits
compared to baseline (p < 0.001) with no significant differences across groups (p > 0.05). In
test groups, intra-group analysis showed better improvement in BOP and site-PPD (p < 0.05)
than control. The diversity and composition of subgingival microbiota did not differ between
groups or timepoints (p > 0.05).

Conclusions: Mobile app-based OHI showed no superior effects on improving clinical para-
meters and subgingival microbiota compared to conventional OHI. Further investigation into
its long-term impact on periodontitis treatment is needed.
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Introduction
plaque biofilm and risk factors, oral hygiene instruc-

Periodontitis is a chronic multifactorial inflammatory
disease caused by dysbiotic plaque biofilms and char-
acterized by progressive destruction of the tooth-
supporting apparatus, leading to tooth loss if left
untreated [1,2]. It affects 14% of adults worldwide
(1.1 billion cases), comprising a significant global
health issue [3,4]. The primary features of period-
ontitis include the loss of periodontal tissue support,
manifested through clinical attachment loss (CAL)
and radiographically assessed alveolar bone loss, the
presence of periodontal pocketing, and gingival
bleeding [1,2].

Periodontal treatment aims to restore periodontal
health and involves a series of steps aimed at holisti-
cally managing patients and their periodontitis [2,5].
The initial phase of treatments is a cause-related
therapy, including patient motivation to control

tions (OHI), and professional mechanical instrumen-
tation employing non-surgical treatment techniques
[2,6]. Poor oral hygiene and compliance are signifi-
cant risk factors for periodontitis, making OHI essen-
tial beyond professional treatment [5,7,8].

Over the years, several approaches to OHI prac-
tices have been investigated, and using mobile apps is
one of them. Health-related mobile apps (mHealth)
have shown promise in influencing habits and beha-
viors positively [9]. Recent systematic reviews suggest
that mHealth can be an effective adjunct in managing
gingivitis, acquiring oral health knowledge and
improving oral hygiene [10]. However, evidence of
their effectiveness in periodontitis treatment out-
comes is minimal, as most studies have focused on
orthodontic patients without periodontitis. Thus, it is
important to investigate the effectiveness of mobile
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app-based OHI in these patients and evaluate its
impact on periodontal clinical parameters and the
microbiota subgingival.

The subgingival microbiota plays a crucial role in
the pathogenesis of periodontitis [11,12]. Dysbiosis in
the subgingival biofilm can initiate chronic inflam-
mation of the gingiva, potentially progressing to per-
iodontitis [13,14]. Advances in DNA sequencing
analysis have allowed for a more comprehensive
study of the subgingival microbial community and
have shown that periodontal treatment causes
a widespread microbial shift in subgingival plaque,
affecting the taxonomic composition (disease- and
health-associated taxa) and microorganism interac-
tions [15-19]. Thus, assessing changes in the subgin-
gival microbiota following OHI interventions could
provide valuable insights.

Given these considerations, the primary objective
of this randomized controlled trial is to assess the
effectiveness of a mobile app-based OHI in period-
ontitis patients compared to conventional OHI alone.
We hypothesize that the interventions will differ in
improving periodontal clinical parameters and sub-
gingival microbiota. This study aims to investigate
changes in clinical parameters such as full mouth
plaque score (FMPS), bleeding on probing (BOP),
and probing depth, as well as subgingival microbiota
diversity and composition following the intervention.
This study intends to promote evidence-based strate-
gies for managing periodontitis and maintaining
good oral hygiene by comprehending the effect of
mobile app-based OHI on clinical and microbiologi-
cal outcomes.

Materials and methods
Study design and participant selection

This was a two-armed, parallel-group, double-blinded
randomized controlled trial (RCT), with patients
returning at one month and three months post-
treatment. The study protocol was approved by the
Dental Research Ethics Committee, Faculty of
Dentistry, Universitas Indonesia, with letter number
01/Ethical Approval/FKGUI/I/2022 and protocol
number 091241221. The trial was registered with
registration number ISRCTN12409366 (https://doi.
org/10.1186/ISRCTN12409366) and was conducted
and reported in accordance with the Consolidated
Standards of Reporting Trials (CONSORT) guide-
lines [20].

The study population consisted of periodontitis
patients who visited the Periodontics Clinic, Dental
Teaching Hospital, Faculty of Dentistry, Universitas
Indonesia,  between  September 2022  and
December 2023. The study’s objectives, research
flow, mobile app intervention, predicted advantages

and disadvantages, and data confidentiality were all
explained to participating patients. All study proce-
dures began after the participant signed the consent
form. The inclusion criteria were as follows: 1) female
patients aged 25-60 years; 2) diagnosed with period-
ontitis (there is interdental CAL on at least two non-
adjacent teeth or buccal or oral CAL > 3 mm with
pocketing >3 mm on at least two teeth) [1,21]; 3) had
never received periodontal therapy during the pre-
vious six months; and 4) Android system-based
smartphone users. The exclusion criteria were as fol-
lows: 1) systemic conditions that might affect the
study (such as diabetes mellitus, cardiovascular dis-
eases, blood disorders, etc.) [22-25]; 2) currently
taking medication from a health provider, especially
for antibiotics, anticonvulsants, calcium channel block-
ers, and immunosuppressant drugs [24,26,27]; 3) cur-
rent smokers [24,28] and 4) pregnancy [24,29,30]. All
visits were carried out within the Periodontics Clinic,
Dental Teaching Hospital, Faculty of Dentistry,
Universitas Indonesia. Baseline data were gathered
including age, education level, and periodontal clinical
parameters (Table 1).

Sample size calculations

The present study was designed to test continuous
response variables in both independent control and
test participants. The primary outcome for this
study was the full mouth plaque score (FMPS) at
the 1-month visit (1-month post-intervention).
Secondary outcomes included FMPS at the 3-month
visit, other periodontal clinical parameters (full
mouth bleeding on probing [BOP] and probing
pocket depth at the sampling site [site-PPD]) at the
one- and three-month visits, as well as changes in
subgingival microbiota diversity and composition at
the same timepoints. The sample size was calculated
using G*Power statistical software (version 3.1.9.7,
Heinrich Heine Universitit Diisseldorf, Germany)
with an effect size of 0.89 from a previous study
[31], a significance level (a) of 0.05 and a power
level of 0.8. This calculation indicated that each
group needed at least 21 participants. To account
for potential dropouts during the study period, we
enrolled a total of 50 participants, with 25 in each

group.

Clinical examinations and sampling site selection

All clinical data collections were carried out by four
periodontology residents (M.R.P., M.M.P., V.H,, and
Y.S.). Inter-rater and intra-rater reliability among the
four examiners was assessed using the intra-class
correlation coefficient (ICC) for FMPS, BOP, and
site-PPD. Prior to the main study, a calibration exer-
cise involved the examiners assessing these measures
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Table 1. Baseline Demographic and Periodontal Clinical Parameters.

Test group Control group
(n=22) (n=22) p-value

Age (years)® 51.36 £5.36 48.18 +6.82 0.093°
Education level (n,%)

Senior High school 10 (45.5) 12 (54.5) 0.546°

Bachelor 12 (54.5) 10 (45.5)
Clinical parameters
Full mouth

FMPS (%)‘3 50.20 (23.79, 73.67) 50.73 (33.75; 68.61) 0.699°

BOP (%)B 53.00 (35.08, 73.73) 44,55 (31.92; 62.31) 0.669°
Sampling sites

site-PPD (mm)? 6 (5,8) 6(6,7) 0.806°

site-CAL (mm)P 7 (5.75, 8) 6.5 (6, 8) 0,981°

site-BOP* (n,%) 18 (18.8) 16 (72.7) 0.719¢

Note: FMPS: Full Mouth Plaque Score, BOP: Bleeding on Probing, PPD: Probing Pocket Depth, CAL: Clinical
attachment loss, #: number/percentage of site with bleeding upon probing (BOP +).

Variables are presented as follows: a: mean + standard deviation, B: median (Q1, Q3).

a: Independent t-test, b: Mann-Whitney U test, c: Chi-Square test

*p-value <0,05 statistically significant.

with five participants. ICC values were 0.985 for
FMPS, 0.999 for BOP, and 1 for site-PPD, indicating
excellent agreement among the examiners for all
measures.

At baseline, one- and three-month visits, clinical
periodontal parameters, including FMPS: percentage
of tooth sites revealing the presence of plaque [32];
full mouth BOP: percentage of tooth sites with bleed-
ing upon probing [33]; and 6-point PPD (the distance
from the gingival margin to the bottom of the pocket)
charting [34], were assessed using a periodontal
probe (UNC-15, Hu-Friedy, Chicago, IL, USA) at
six sites per tooth (mesiobuccal, buccal, distobuccal,
mesiolingual, lingual, and distolingual), excluding
third molars, with measurements rounded to the
nearest millimeter. Following the assessment of
PPD, the single site with the deepest PPD (PPD > 5
mm on a tooth that was not deemed to have
a hopeless prognosis [35]) in each patient was
selected as the sampling site, and then PPD, CAL,
and BOP at those sampling sites were also recorded
(referred to as site-PPD, site-CAL and site-BOP,
respectively). The collected clinical data (FMPS,
BOP, and PPD) were entered into the mobile apps
via a back-end website by a data entry operator.

Randomization

Patients were randomized to one of the two treat-
ment groups (test or control group) using simple
randomization techniques (random number genera-
tor, based on odd or even numbers) by an indepen-
dent researcher who was not involved in the clinical
examination (A.K.R.). Each participant was assigned
a unique identifier and subsequently categorized into
either the test or control group depending on
whether their identifier was odd or even. The treating
clinician and the data entry operator were blinded to
prevent observer bias.

Treatment and intervention

During the first visit (baseline), all participants received
full mouth scaling and root planing (SRP), as well as
conventional OHI (verbal OHI). Full-mouth SRP was
performed in one session by four periodontology resi-
dents (M.R.P.,, M.M.P,, V.H., and Y.S.) using ultrasonic
instruments (Scaler UDS-] Woodpecker, Guilin
Woodpecker Medical Instrument Co., Ltd., Guangxi,
China). Scaling and root planing (SRP) was performed
until no supra or subgingival plaque or calculus deposits
were detectable by visual examination (direct observa-
tion) or by careful tactile examination of the root sur-
face using a periodontal probe (UNC-15, Hu-Friedy,
Chicago, IL, USA) [34].

A mobile app-based OHI intervention was only
implemented for participants who belonged to the
test group. Participants in the test group were asked
to download and install the app, which was available
in the Google Play Store (Perio UI Care, Universitas
Indonesia, Jakarta, Indonesia). Each participant then
received a username and password that would be
used to login to the app, and an independent
researcher (A.K.R.) gave brief instructions and infor-
mation on how to use the app. For each visit, clinical
periodontal parameters, which were recorded, were
displayed inside the app to ensure that the partici-
pants were aware of whether their periodontal con-
dition had improved or deteriorated. Every day
throughout the three-month intervention period, the
participants receive push notifications as reminders
and instructions to perform routine oral hygiene.
These notifications contain detailed step-by-step
instructions on proper tooth brushing technique
and the use of complementary dental hygiene tools,
such as interdental brushes and dental floss. The
instructions are accompanied by visual aids, includ-
ing sequential images illustrating the brushing tech-
nique, images of interdental brushes and dental floss,
as well as visual demonstrations on their correct
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usage. Additionally, researchers can track whether
participants have received notifications through the
back-end website, allowing for monitoring of user
engagement and follow-up if necessary. Participants
can also access educational articles related to period-
ontal tissue health tailored to patient needs (based on
diagnosis).

Subgingival plaque sampling

This was a single-site analysis, with sampling per-
formed by two trained periodontology residents (M.
R.P. and M.M.P.). This approach provided a detailed
understanding of the microbiological changes occur-
ring at individual sites [16]. At the baseline visit,
subgingival plaque was sampled from the single dee-
pest PPD site that was selected in each patient imme-
diately prior to the beginning of SRP. Subgingival
plaques were re-collected from the same site at one-
and three-month visits for re-evaluation. To collect
samples, the tooth was isolated using a cotton roll,
and the supragingival plaque was initially removed,
then the subgingival plaque was harvested using
a sterile Gracey curette (Hu-Friedy, Chicago, IL,
USA). Samples were placed immediately into
a sterile Eppendorf tube containing 1000 uL of phos-
phate-buffered saline and labeled. The tube was
stored at —80°C until further analysis.

DNA extraction and sequencing

DNA was extracted from subgingival plaque samples
using the DNA Extraction Kit (InstaGeneTM Matrix,
Bio-Rad, California, US). DNA concentration was
determined using both NanoDrop spectrophot-
ometers and Qubit fluorometers (Thermo Fisher
Scientific, Waltham, MA, USA). The NGS platform,
Nanopore sequencing (full-length sequence of 16s
rRNA gene [V1-V9 regions]) (Oxford Nanopore
Technology, Oxford, UK) [36], was used for library
preparation and sequencing. Nanopore sequencing
was operated by MinKNOW software version
23.04.5 (Oxford Nanopore Technology, Oxford,
UK). Base-calling was performed using Guppy ver-
sion 6.5.7 (Oxford Nanopore Technology, Oxford,
UK) with a high-accuracy model [37]. The quality
of FASTQ files was visualized using NanoPlot
(Oxford Nanopore Technology, Oxford, UK), and
quality filtering was performed using NanoFilt
(Oxford Nanopore Technology, Oxford, UK)
[38,39]. Filtered reads were classified using
a centrifuge classifier (Thermo Fisher Scientific,
Waltham, MA, USA). The bacteria and archaea
index was built using the NCBI 16S RefSeq database
(https://ftp.ncbi.nlm.nih.gov/refseq/TargetedLoci/).

Downstream analysis and visualizations were per-
formed using the R programming language (version

4.2.3, R Core Team, https://www.r-project.org/), with
specific packages including Pavian (version 1.2.1,
http://github.com/fbreitwieser/pavian) [40], Krona
Tools (version 2.8.1, https://github.com/marbl/
Krona) [41], and Vegan (version 2.6-6.1, https://
github.com/vegandevs/vegan) [42]. These open-
source tools facilitated comprehensive analysis and
visualization of the subgingival microbiota.

Statistical analysis

The clinical data were analyzed with SPSS software
version 26 (IBM, Chicago, IL, USA) and visualized
with GraphPad Prism software version 10.1.0
(GraphPad, Boston, MA, USA). At baseline, clinical
data were presented as percentages, except for site-
PPD and site-CAL, which were measured in milli-
meters. Variables analyzed for changes at one- and
three-month visits included FMPS, BOP, and site-
PPD. Descriptive statistics (e.g. median and QI, Q3)
were used to present those variables. The indepen-
dent t-test was applied to compare the subjects’
means, while the chi-square test was employed to
compare the subjects’ educational levels. The
Shapiro-Wilk test was used to assess the normality
of the data, revealing both normal and non-normal
data distributions. For the analysis of inter-group
comparisons (between two groups at each timepoint),
the Mann-Whitney U test was utilized due to its
suitability for non-parametric data. Exceptions to
this were FMPS and BOP at baseline, which were
analyzed using the independent t-test as they met
the normality assumption. Intra-group comparisons
(between timepoints within each group) were evalu-
ated using the Friedman test with a post-hoc
Wilcoxon Signed-Rank Test. A p-value <0.05 was
considered statistically significant.

Analysis of the subgingival plaque microbiota
was performed using the R programming language
(version 4.2.3, R Core Team, https://www.r-project.
org/). Alpha-diversity indices (observed species,
Shannon, and abundance-based coverage estimator
[ACE]) were calculated at the species level using
the Vegan package in R (version 2.6-6.1, https://
github.com/vegandevs/vegan) [42]. Intra-group dif-
ferences in a-diversity were assessed using the
Wilcoxon signed-rank test. Beta-diversity was cal-
culated using the Bray-Curtis dissimilarity metric
(Vegan Package, version 2.6-6.1, https://github.
com/vegandevs/vegan) [42] and visualized via
Principal Component Analysis (PCA) using ClustVis
in R (version 0.10.2.1, http://biit.cs.ut.ee/clustvis/)
[43]. Inter-group differences in [-diversity were
assessed using Analysis of Similarity (ANOSIM)
(Vegan Package, version 2.6-6.1, https://github.com/
vegandevs/vegan) [42]. Microbiota composition at the
species and genus levels was analyzed using the
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Mann-Whitney U test for inter-group analysis and
the Wilcoxon Signed-Ranks test for intra-group ana-
lysis. All p-values were adjusted for multiple compar-
isons using the Benjamini-Hochberg correction.
A p-value of <0.05 indicates statistical significance.

Results

A CONSORT flowchart reporting participants in this
study is shown in Figure 1. After screening, 50 parti-
cipants fulfilling the inclusion criteria were recruited.
At 3 months, a total of 6 participants were lost (drop-
outs). Three participants dropped out of the control
group (two participants at the 1-month visit and the
other one at the 3-month visit), and three partici-
pants from the test group dropped out at the
3-month visit. One participant from the control

JOURNAL OF ORAL MICROBIOLOGY e 5

group chose to withdraw from the study due to
personal reasons, while the other five participants
were lost to follow-up. A total of 44 participants (22
participants per group) completed the study and were
included in the final analysis.

Table 1 presents the baseline demographic and
periodontal clinical parameters of the study partici-
pants. No statistically significant differences (p > 0.05)
were observed with respect to the mean age and
education level between the two groups. The baseline
clinical parameters were comparable between the test
and control groups (p > 0.05).

Evaluation of periodontal clinical parameters

Comparisons of periodontal clinical parameters
(FMPS, BOP, and site-PPD) between groups at

l Enrollment ]

Assessed for eligibility (n=94)

Excluded (n=44)

+ Not meeting inclusion criteria (n=33)
+ Declined to participate (n=4)

+ Other reasons (n=7)

\ 4

Randomized (n=50)

!

: (

Allocation | y

Allocated to intervention

Test group (n=25)

+ Received allocated intervention (n=25)

+ Did not receive allocated intervention (n=0)

Allocated to intervention

Control group (n=25)

+ Received allocated intervention (n=25)

+ Did not receive allocated intervention (n=0)

: (

Follow-Up ] v

4

1 month follow-up (n=25)

Discontinued intervention (n=0)

A 4

3 months follow-up (n=22)

Discontinued intervention (n=3)
+ Loss to follow-up (n=3)

1 month follow-up (n=23)

Discontinued intervention (n=2)
+ Withdrew (n=1)
+ Loss to follow-up (n=1)

A

3 months follow-up (n=22)

Discontinued intervention (n=1)
+ Loss to follow-up (n=1)

Analysis ] v

Analyzed (n=22)
+ Excluded from analysis (n=0)

Figure 1. CONSORT flowchart.

J
Analyzed (n=22)
+ Excluded from analysis (n=0)
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baseline, one- and three-month visits are shown in
Table 2. At re-evaluation, all clinical parameters were
significantly improved in both groups (p <0.001 for
all clinical parameters between the three timepoints),
with the test group having lower values than the
control group. However, there was no significant
difference in any parameters between groups (p>
0.05 for all).

Post-hoc analysis of clinical parameters in the test
group showed significant reductions in FMPS, BOP,
and site-PPD after one- and three-months of using the
mobile app compared to baseline (p < 0.001) (Figure 2).
Similar results were also seen in the control group (p <
0.001) (Figure 3). There is no significant decrease in
FMPS between one- and three-month visits in both
groups (p>0.05) (Figures 2a and 3a). Evaluation of
BOP between one- and three-months showed no
significant decrease in the test group (p>0.05)
(Figures 2b), while there was a significant increase in
the control group (p < 0.05) (Figure 3b). A significant
decrease in site-PPD of the test group was also
observed between the one- and three-month visits

(p <0.05) (Figure 2c), whereas in the control group
there was no significant reduction (p>0.05)
(Figure 3c).

Evaluation of subgingival microbiota diversity

The observed species, Shannon, and ACE indices
(Figures 4-5, Supplementary Table S1) were used to
determine the diversity of the subgingival microbiota.
Compared to baseline, there was an increase in the
number of observed species, Shannon, and ACE
indices within the test group at one- and three-
month visits (Figure 4). The increase indicates an
increase in the diversity of microbiota species in the
sample, but this difference was not statistically sig-
nificant (p>0.05). Similar results were seen in the
control groups, with no significant changes in those
indices at one- and three-month visits compared to
baseline (p > 0.05). (Figure 5)

At the one- and three-month visits, the PCA
plot showed overlap between the test and control
groups (Figures 6b-c). Analysis of Similarities

Table 2. Comparison of Periodontal Clinical Parameters between groups at baseline, one- and three-month visits.

Clinical Test group Control group
parameters Timepoint (n=22) (n=22) Inter-group p-value
FMPS (%) Baseline 50.20 (23.79, 73.67) 50.73 (33.75, 68.61) 0.699°
1 month 15.10 (8.97, 25.48) 17.77 (10.24, 27.08) 0.763°
3 months 12.87 (10.41, 24.36) 19.73 (11.74, 29.39) 0.302°
Intra-group p-value 0.000° 0.000°
BOP (%) Baseline 53.00 (35.08, 73.73) 44.55 (31.92, 62.31) 0.669°
1 month 14.89 (9.80, 23.35) 18.37 (14.63, 28.13) 0.250°
3 months 13.16 (8.18, 23.54) 20.32 (12.90, 42.85) 0.116°
Intra-group p-value 0.000° 0.000°
site-PPD (mm) Baseline 6 (5, 8) 6 (6, 7) 0.806°
1 month 5 (4, 6) 5 (4, 6) 0.990°
3 months 45 (3, 6) 5 (4, 5) 0.886°
Intra-group p-value 0.000° 0.000°
Note: FMPS: Full Mouth Plaque Score, BOP: Bleeding on Probing, site-PPD: Probing Pocket Depth at the sampling sites.
Variables are presented as median (Q1, Q3).
a:independent t-test, b: Mann-Whitney U test, c: Friedman test
*p-value <0,05 statistically significant.
* % kK * %
I | . 1
(a) 90— (b) 90 — I 1 (C) Q = * %
* % '_'
80 I 1 80— | 8-
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Figure 2. Comparison of Periodontal Clinical Parameter between Baseline, One-, and Three- month Visits in Test Group. (a)

FMPS, (b) BOP, and (c) site-PPD.
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Figure 5. Comparison of a-Diversity between Baseline, One-, and Three-month Visits in Control Group. The a-diversity Indices:
(@) Observed species, (b) Shannon, and (c) Abundance-based Coverage Estimator (ACE).

(ANOSIM) results between these two groups at the
one-month visit showed R=-0.25, indicating
a slight similarity between two groups, while at
the three-month visit the value of R=0.279 implied
low similarity between groups. However, this dif-
ference was also not statistically significant (p>
0.05) (Figures 6b-c).

Evaluation of subgingival microbiota composition

Figures 7-8 show the top ten subgingival microbiota at
the genus and species levels in both the test and control
groups. At baseline, the subgingival microbiota composi-
tion in the test group was dominated by Prevotella
(23.45%), Pseudomonas (19.83%), and Porphyromonas
(12.30%). Meanwhile, the control group predominantly
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Figure 6. Principal Component Analysis (PCA) of Subgingival Species and Analysis of Similarities (ANOSIM) between Test Group
(Blue) and Control Group (Red) at.(a) Baseline, (b) 1 month, and (c) 3 months.
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Figure 7. Composition of Subgingival Microbiota at Genus Level.in (a) Test Group and (b) Control Group.

consisted of the genera Prevotella (22.66%), Neisseria
(11.48%), and Porphyromonas (11.35%) (Figure 7).
Disease-associated species such as Prevotella intermedia
(13.88%), Porphyromonas gingivalis (10.37%), and
Anaeroglobus geminatus (4.92%) were found in the
top three positions in the test group’s microbiota com-
position at baseline, whereas Prevotella oris (7.70%),
Porphyromonas endodontalis (7.12%), and Hoylesella
loescheii  (5.57%) dominated the control group

(Figure 8). These genera and species showed no signifi-
cant differences between groups at baseline (p >0.05
for all).

Investigating the changes in the proportion of
subgingival microbiota composition following
interventions, no significant differences were found at
one- and three-month visits in both groups when com-
pared to baseline (p > 0.05). However, there are some
trends that could be observed. In the test group,
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Figure 8. Composition of Subgingival Microbiota at Species Level.in (A) Test Group and (B) Control Group.

Prevotella, Pseudomonas, and Porphyromonas decreased
at the one-month visit but then increased at the three-
month visit. Genera like Veillonela, Selenomonas,
Hoylesella, and Capnocytophaga also showed a similar
trend (Figure 7a). This trend also happens at the species
level; disease-associated species like P. gingivalis,
Prevotella intermedia, Prevotella nigrescens, Prevotella
oris, and H. loescheii decreased at one-month visit but
increased at three-month visit. Meanwhile, another per-
iodontal pathogen, Tannerella forsythia (Figure 8a),
showed the opposite pattern. In control groups, genera
Prevotella,  Neisseria, Porphyromonas, Hoylesella,
and Treponema decreased over time, while
Capnocytophaga, Campylobacter, Veillonella, and
Pseudomonas increased (Figure 7b). At species level,
the trend was similar to the test group; P. gingivalis
and Prevotella nigrescens decreased at one-month visit
but increased at three-month visit, whereas Prevotella
intermedia showed the opposite. Species T. forsythia
increased over time (Figure 8b). These genera and spe-
cies at one- and three-month visits also showed no
significant differences between groups (p > 0.05 for all).

Discussion

The most common barrier to patient adherence to
OHI is the patient’s difficulty in understanding and

recalling all the information that they have received
[44]. Various approaches based on behavioral sciences
and communication skills have been proposed to
improve and maintain patient adherence to OHI [5].
Studies show that the use of mobile-based health appli-
cations (mHealth) is an effective approach to engaging
patients in their health care, can be used as a behavior
change instrument, including oral hygiene adherence,
and may play an important part in the treatment of
periodontitis patients [10,44].

This randomized controlled trial aimed to evaluate
the impact of mobile app-based OHI on periodontitis
patient management by analyzing periodontal clinical
parameters, subgingival microbiota diversity, and
composition. To the best of our knowledge, this is
the first study to investigate the effect of mobile app-
based OHI on both clinical parameters and subgingi-
val microbiota. The study diagnosed periodontitis
according to the 2017 AAP/EFP criteria [1,21].
During the baseline visit, a clinical assessment of the
CAL was performed for diagnosis, and the CAL on
the sampling site (site-CAL) was recorded. However,
changes in CAL following the intervention were not
analyzed. Additionally, participants were not categor-
ized into specific stages or grades of periodontitis, as
the initial phase of treatments, i.e. SRP and OHI,
applies to all periodontitis patients. The study aimed
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to assess the app’s effectiveness for periodontitis
patients in general. The study only focused on one
gender (female) to eliminate potential confounding
factors, such as hormonal differences, that might
affect periodontal health and microbiota composi-
tion. Furthermore, females have a higher prevalence
of periodontitis than males [45] making them
a significant demographic for this study. This
approach aligns with previous research [46], as this
study is a continuation of earlier studies.

There were no significant differences in period-
ontal clinical parameters between the two groups at
baseline, indicating their comparability. At one- and
three-month visits, both groups showed significant
reductions in FMPS, BOP, and PPD at sampling
sites (site-PPD) compared to baseline. These out-
comes align with the study by Williams et al. [8],
which reported an improvement in periodontal clin-
ical parameters following initial therapy, regardless of
the OHI method. Studies have shown that scaling and
root planing are effective in reducing plaque, PPD,
and clinical inflammation, as indicated by BOP values
[47-49].

The current study showed no significant differ-
ences in clinical parameters (FMPS, BOP, and site-
PPD) between participants who used the mobile
app-based OHI and those who did not at any
timepoints. =~ However, intra-group  analysis
(between timepoints) indicated varying trends
(Figures 2 and 3). Participants in the test group
showed better improvement in gingival inflamma-
tion (measured by BOP values) and PPD at the
sampling sites compared to the control group,
particularly evident between the one- and three-
month visits. This could be due to participants’
repetitive education and notifications regarding
OHI, which motivated them to improve their oral
hygiene practices and enhance treatment outcomes.
This aligns with the previous study reporting that
the mobile app (‘Perio UI Care’) is effective in
improving patients’ cognitive and psychomotor
factors related to oral hygiene practices [46].
Moreover, smartphones’ accessibility enables
patients to easily obtain information anytime and
anywhere, enhancing their convenience and auton-
omy [10]. These findings are consistent with stu-
dies by Fernandez et al. [50], and Toniazzo et al.
[10], which emphasize the potential benefits of
mHealth (mobile apps and text messages) interven-
tions in improving clinical outcomes compared to
conventional face-to-face strategies.

Unlike the study by Hartono et al. [46], which
evaluated the use of the mobile app in periodontal
disease patients (mainly gingivitis), the absence of
significant differences in clinical parameters in the
present study may be due to the irreversible nature
of periodontal tissue destruction in periodontitis

patients. In gingivitis, the inflammatory conditions
are reversible, and patients can recover to a healthy
condition after treatment and routine plaque control
[24,51,52]. Moreover, advanced periodontitis cases
(stage IIT or IV) typically have soft and hard tissue
defects that can only be corrected surgically [47].
Based on the 3-month re-evaluations in both groups,
there is a need for continued active periodontal treat-
ment, including potential surgical interventions,
emphasizing the ongoing challenges in managing
periodontitis.

In line with the clinical condition, no significant
difference in microbiota diversity was observed
between groups and across timepoints. These find-
ings contrast with a study by Nath et al. [53], which
reported a decrease in the diversity of subgingival
microbiota following periodontal treatments. The
debate over changes in microbiota diversity post-
treatment persists [28,54], most likely due to the
complex interplay between pathogenic and commen-
sal species. Following therapy, the decrease in patho-
genic species alongside an increase in commensal
species complicates the assessment of post-treatment
microbiota diversity [28].

Although no significant differences were found,
there were increasing trends in diversity at one- and
three-month visits compared to baseline in the test
group. This trend could be related to decreasing PPD
at the sampling sites following the intervention. Kirst
et al. [55] found that shallower pockets (6 mm) had
higher diversity and species richness than deeper
pockets (>7-8 mm). These findings support Van
Dyke et al.’s [18] hypothesis regarding the pathophy-
siology of periodontitis. In the early stages of period-
ontitis, polymicrobial diversity increases, but as the
disease progresses, diversity decreases, with anaerobic
microbial species dominating in the periodontal
pockets [56].

The anaerobic Gram-negative genera Prevotella and
Porphyromonas were predominant in the subgingival
microbial composition at baseline for both groups. At
species level, P. gingivalis and T. forsythia, the key
pathogens in periodontitis and part of the red complex
bacteria (Socransky’s bacteria complexes), were also
present alongside the orange complex species
Prevotella intermedia and Prevotella nigrescens, which
act as catalysts or ‘bridging species’ for more patho-
genic red complexes [18,34,57]. These findings are
consistent with previous studies suggesting the signifi-
cant roles of these complexes in periodontitis develop-
ment [28]. There was also Anaeroglobus geminatus, an
anaerobic Gram-negative species that has been linked
to Prevotella and might contribute to microbiota shifts
toward periodontitis [58]. Bao et al. [58] found that
A. geminatus increased the abundance of Prevotella
intermedia and altered the protein expression of bio-
film communities, potentially enhancing the



pathogenicity of subgingival biofilms, though further
functional confirmation is needed.

No significant differences in microbiota composition
(genus and species level) were observed following inter-
ventions in both groups. This finding aligns with pre-
vious studies stating that periodontitis-associated
microbiota can persist in some patients despite improve-
ments in clinical parameters after treatment [54,59]. The
trend of the recovery of certain species, such as
P. gingivalis, Prevotella intermedia, Prevotella nigrescens,
Prevotella oris, and H. loescheii, to baseline levels at the
three-month re-evaluation is consistent with other stu-
dies. Johnston et al. [16] observed drastic changes in
microbiota composition from baseline to day 1 post-
instrumentation and remained stable until day 7.
By day 90, some samples showed a resurgence of disease-
associated species (entire recovery), although this condi-
tion tends not to be associated with post-treatment clin-
ical outcomes [16]. Other studies have also reported
shifts in subgingival microbiota abundance following
treatment and a gradual return to baseline (pre-
treatment) levels after 12 weeks [11,17].

Several factors are known to influence changes in
the oral microbiota and may partly explain these
results. Divaris et al. [60] suggested genetic suscept-
ibility to colonization by red complex species, indi-
cating that host genetics play a significant role in
microbiota composition alterations. Johnston et al.
[16], propose that each patient may have their own
‘dysbiosis threshold’. Moreover, the persistence of
periodontal pockets post-treatment, albeit reduced,
allows recolonization of disease-associated species
and biofilm development, contributing to the
chronic nature of periodontitis [16]. The signifi-
cance of the microbiota’s response to the absence
of clinical signs of disease remains unclear.
However, a high abundance of disease-associated
species may predict future disease progression.
This may explain why periodontitis patients have
a higher risk of recurrence than healthy periodontal
patients, despite effective periodontal treatment
[16,17]. This finding highlights the critical impor-
tance of supportive periodontal therapy (mainte-
nance phase/phase IV) in preserving periodontal
health (in intact or reduced periodontium) achieved
through active periodontal treatment. This phase
involves comprehensive OHI and regular recall vis-
its, customized to the patient’s needs, to ensure the
continued maintenance of periodontal health treat-
ment outcomes periodontitis patients [2,34].

This study found no significant differences in micro-
biota composition between groups, which aligns with the
beta diversity analysis. This outcome is consistent with
the re-evaluation of clinical parameters, suggesting that
the interventions did not lead to substantial changes in
the microbial composition or clinical outcomes. There
are some limitations of this study that should be
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considered when interpreting the findings. The lack of
a healthy control group limits the ability to compare the
post-intervention microbiota and clinical parameters
with pristine periodontal health, which could have pro-
vided further insight into the interventions™ efficacy.
Despite controlling the potential confounding factor by
only including female participants, this study did not
collect data on the menopause status of participants,
potentially impacting the periodontium condition and
influencing the outcomes [61]. The short duration of the
study’s follow-up also might limit the understanding of
the long-term effect of the mobile app-based OHI on
periodontal health. Further investigation with longer
follow-up periods and a broader participant profile,
including both gender and health controls, may provide
a more comprehensive understanding of the effects of
mobile-app interventions. Additionally, recently intro-
duced compounds and techniques have shown signifi-
cant influence on the oral environment. Future research
could explore the combined effect of mobile app inter-
ventions with other preventive therapies, such as Ozone
[62], photobiomodulation [63], and probiotics [64], to
better understand their collective impact on oral
microbiota.

Conclusions

While the test group showed promising trends of
improvement in clinical parameters, particularly
between one- and three-month visits, the lack of
statistically significant differences in clinical out-
comes, microbiota diversity, and composition
between groups suggests that mobile app-based
OHI may not provide substantial short-term advan-
tages over conventional OHI. However, the observed
improvements in the app-utilizing group warrant
further investigation into potential long-term bene-
fits. Future research with longer follow-up periods
and a more diverse participant profile is necessary to
fully assess the efficacy of mobile app-based OHI
interventions on periodontitis treatment.
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