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ARTICLE INFO ABSTRACT
Keywords: Objectives: This study aimed to assess subgingival microbial changes following papilla preservation flap surgery
Chronic periodontitis (PPFS) or endoscope-assisted subgingival debridement (EASD) in patients with residual periodontal intrabony

Dental plaque
Fusobacterium nucleatum
Microbiology

defects requiring Step 3 therapy.

Methods: Nineteen periodontitis participants requiring Step 3 periodontal therapy were randomly allocated to
Periodontal debridement either the PPFS (n = 11) or EASD (n = 8) treatment group and were conveniently sampled. Subgingival plaque
Periodontal pocket samples were collected at baseline, days 3, 7, 14, and months 1, 3, 6, 9, and 12 post-treatment. DNA extraction
Video-assisted techniques and procedures and 16S rRNA sequencing were used to analyze microbial communities through bioinformatics tools, assessing
diversity and differential abundance.

Results: Both treatments were effective, with no significant difference in clinical outcomes. Pocket resolution was
achieved in 100% of PPFS sites and 87.5% of EASD sites. The overall microbiome composition was similar
between groups. However, microbial diversity dynamics differed: PPFS exhibited stable shifts over time (PER-
MANOVA, p = 0.004), whereas EASD showed more variability in species richness and abundance, indicating less
predictable microbial reorganization (Procrustes, p = 0.030). Notably, Fusobacterium nucleatum subsp. vincentii/
Fretibacterium fastidiosum and Treponema socranskii were significantly associated with bleeding on probing/
probing pocket depth, respectively (p < 0.05).

Conclusions: Both PPFS and EASD effectively treat residual intrabony defects, with PPFS showing more consistent
microbial modulation. This 12-month pilot study offers new insights into the changes in microbiota following
surgical and minimally invasive periodontal therapies, highlighting potential microbial biomarkers associated
with clinical outcomes.

Clinical Significance: This 12-month study, for the first time, profiled the subgingival microbiota over the man-
agement of residual intrabony defects using either PPFS or EASD in Step 3 therapy. The study also revealed
possible associations between specific microbes and clinical parameters during the post-operative period, which
warranted further investigation.
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1. Introduction

Periodontal tissue destruction results from the complex interaction
between host responses and dysbiotic subgingival microbial challenges.
Suboptimal plaque control by the host allows changes in the dental
biofilm, enriching periodontal disease-associated species such as Por-
phyromonas gingivalis, Tannerella forsythia, and Treponema denticola, as
well as novel or putative periodontopathogens like Fretibacterium sp.
HMT 362, Eubacterium nodatum, Peptoniphilaceae sp. HMT 113 and so on
[1,2]. When allowed to grow, interact, and multiply, these pathogenic
species trigger the susceptible host’s overreactive or inappropriate im-
mune and inflammatory responses, destroying the periodontal appa-
ratus and deepening periodontal pockets.

The acquisition of optimal oral hygiene and the successful delivery of
non-surgical periodontal therapy (NSPT) are the most critical initial
steps in periodontal disease management, which the European Federa-
tion of Periodontology categorizes as essential elements in Step 1 or 2
therapy, respectively [3]. Due to the limitations of NSPT, not all patients
achieve the full resolution or closure of periodontal pockets after Steps 1
and 2 therapy, often requiring Step 3 therapy, i.e., the repeated NSPT or
surgical interventions [3]. Repeated non-surgical subgingival instru-
mentation has limited effectiveness in closing residual periodontal
pockets [4]. Thus, periodontal surgery is often indicated, especially for
the deep pockets. It allows better visualization of the defect/lesion and,
hence, improved -calculus removal and modification of defect
morphology to enhance healing [5-7]. While previous studies have
explored the effects of surgical and non-surgical periodontal therapies
on subgingival microbiota, the results are inconsistent [8,9].

A recent single-blinded randomized controlled trial from this group
showed that endoscope-assisted subgingival debridement (EASD) or
minimally invasive periodontal operation with papillary-preservation
flap surgery (PPFS) showed similar clinical outcomes in residual peri-
odontal intrabony defects management [10]. Given the above study, it is
imperative to investigate and comprehend the corresponding changes in
subgingival microbiota over the post-treatment period to appreciate the
microbial influence of the EASD protocol, in which the visual-
ization/access protocol was an endoscopic flapless rather than a flap
approach. EASD’s ‘closed’ nature might, by itself, restrict clinicians from
biofilm disruption and removal of diseased tissue, including the
periodontopathogen-infected periodontal tissue. This may pose a po-
tential hazard for the further development of periodontal
endoscope-assisted, minimally invasive, nonsurgical periodontal treat-
ment, especially when applied in conjunction with periodontal regen-
eration materials. Therefore, the current project aims to evaluate the
changes in subgingival microbiota at isolated residual periodontal
pockets after management with periodontal surgery using the papillary
preservation technique or periodontal endoscopic instrumentation.

2. Materials and methods
2.1. Study design

This follow-up prospective observational study assesses the changes
in subgingival microbiota up to 12 months post-PPFS/EASD treatment,
using a convenience sample of 22 participants from the previously
published non-inferiority randomized controlled clinical trial [10]. The
study sample size was determined with reference to similar reports [11,
12]. The study was approved by the Hong Kong Hospital Authority West
Cluster Ethics Committee (UW 19-086).

2.2. Clinical intervention

The current project is part of the published randomized, examiner-
blind, parallel-group, controlled non-inferiority trial which was con-
ducted in the Periodontology Clinic / Clinical Research Center of Prince
Philip Dental Hospital in the period between 1 June 2020 to 30 Sept
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2022 [10]. In brief, participants with residual periodontal intrabony
defects, 6-12 weeks after completing Step 1 and 2 periodontal therapies,
were recruited. Persistent deep pocket (> 5 mm with bleeding on
probing (BOP) or > 6 mm irrespective of bleeding status), clinical
attachment loss of > 6 mm, > 3 mm intrabony defect, a neighboring
tooth with probing depths < 3 mm, an adequate level of oral hygiene
(full-mouth plaque score < 30 %) at periodontal re-evaluation were
listed as inclusion criteria. Subjects were excluded if the defects
extended into a furcation or the subject was presented with self-reported
cigarette smoking (> 10/day), systemic comorbidities or medications
known to alter the manifestation or outcome of periodontal therapy,
pregnancy or intention to become pregnant, history of under systemic
antibiotics in the previous 3 months or the need for antibiotic prophy-
laxis for dental treatment.

2.2.1. Randomization, masking, and study site selection

A Blinded Assessor BA (KLRH) initially screened the subjects, and
baseline records were measured. Randomization was carried out with a
balanced, permuted-block approach (in blocks of four patients) as
described in the previous trial [10]. Treatment assignments were con-
cealed in opaque envelopes and revelated to the therapist on the day the
treatment was administered. BA was masked throughout the study
period. One site will be recruited for the study. If more than one site is
suitable for inclusion, the site for study purposes will be randomly
selected by coin tossing. The site(s) not selected for the study were
treated with surgical periodontal therapy according to the clinical
indication. The participants were scheduled for the study operation,
which required at least six weeks of recovery after a non-study-related
operation. On the day of the operation, the subjects were randomly
assigned to receive standard papilla preservation flaps surgery (PPFS
group) or endoscopy-assisted subgingival debridement (EASD group)
with block randomization. The assignment was concealed in opaque
envelopes and revealed to the operator (KLDH) on the day of operation.
The first 11 participants from PPFS or EASD group consenting to the
microbiological arm of the study were recruited follow by baseline
microbiological samples collection before the surgery or the
endoscope-assisted re-instrumentation.

2.2.2. Interventions

For PPFS, open flap debridement with a minimally invasive peri-
odontal surgical approach was applied [13]. Under local anesthesia, the
defect-associated interdental papilla will be incised with a buccal
approach horizontal incision at the base of the papilla [14]. A
full-thickness mucoperiosteal flap was raised to expose the intrabony
defects. The elevation was limited to exposing the sound bone margin
maximally up to 2 mm apically. Granulation tissue was removed, and
the root surface was debrided mechanically. The flap was repositioned
and sutured with 4/0 silk (Surgisilk, Sutures Limited).

For EASD, the participants were anaesthesized with local anesthesia
and subgingival atraumatic mechanical instrumentation through the
orifice of the periodontal pocket was carried out with the use of slim
ultrasonic tips (PS, PL4/5 tip, Piezon Master 700 EMS, Switzerland) and
with the aid of a periodontal endoscope to visualize the subgingival
portion of the root surface (Perioscope, Perioscopy Inc., USA) and a pair
of x 2.5 magnification loupes (TP-720, Sandy Grendel, Switzerland).
The atraumatic subgingival instrumentation was performed within the
periodontal probing depth, maintaining the gingival margin and inter-
dental papilla intact, avoiding excess soft-tissue retraction with the
endoscope, and removing calcified deposits in the subgingival root
surface without intentional removal of the cementum [15]. At the end of
the operation, the study sites were gently compressed with gauze to
achieve hemostasis.

2.2.3. Follow-up appointments
All operations were performed by a single operator (KLDH), and the
subjects were followed up at 3-, 7-, 14-, 30-, and 60-day post-operative
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intervals to ensure uneventful healing of the soft tissue and resolution of
the surgical marks, which affected the blindness of the study. During this
period, KLDH would be responsible for collecting microbial samples. BA
(KLRH) evaluated the subjects at follow-ups, during which microbial
sampling was followed by recording of clinical parameters and provision
of supportive periodontal care. The locations for microbial sampling
were passed on to KLRH in written format. The end-point of the therapy
was defined as no deep residual pocket with PPD > 5 mm with bleeding
on probing at 360-day recall. The primary investigator re-evaluated the
prognosis of any site that did not achieve the therapy end-point, and
appropriate therapy was delivered accordingly.

2.2.4. Clinical data recording

The presence of plaque and bleeding on gentle probing was recorded
dichotomously at six sites per tooth. The full-mouth plaque (FMPS) and
bleeding (BOP) scores (FMBS) were calculated, as previously described
[16]. PPD and recession of the gingival margin (REC) were recorded to
the nearest millimeter with a standardized periodontal probe (color--
coded UNC15, PCPUNC156, Hu-Friedy). Clinical attachment level (CAL)
was calculated as PPD plus REC. The intraclass consistency coefficient
for CAL for the calibrated examiner (KLRH) was 0.976 (Cronbach’s a,
two-way mixed model with absolute agreement).

2.3. Subgingival microbial sample collection

Subgingival plaque samples were collected from the study sites at
baseline, 3 days, 7 days, 14 days, 30 days, 3 months, 6 months, 9
months, and 12 months post-operation. The site was first isolated with a
sterile cotton roll and then air-dried. Supragingival plaque was removed
with a sterile sickle curette, and five #30 sterile paper points (Dentsply
Sirona, USA) were inserted into the periodontal pocket at the study site.
After 10 s, the paper points were transferred and pooled into sterilized,
dry Eppendorf tubes and stored at —80 °C.

2.4. 16S rRNA sequencing and data analysis

Total bacterial genomic DNA was extracted from paper point plaque
samples using QIAamp DNA Mini Kits (Qiagen, Hilden, Germany)
following the manufacturer’s protocol, as previously described
[12]. The V3-V4 hypervariable region of the 16S ribosomal RNA (rRNA)
gene was amplified via PCR using universal bacterial
primer pairs 341F (5-ACTCCTACGGGAGGCAGCAG-3") and 806R
(5-GGACTACHVGGGTWTCTAAT-3). PCR amplification and subse-
quent library construction were performed according to DNBSEQ’s
standard protocol for 16S Metagenomic Sequencing Library Preparation
[17]. Paired-end sequencing (300 bp x 2) was conducted on a DNBSEQ
platform at the Beijing Genomics Institute (BGI, Shenzhen, China). Raw
sequencing reads were processed into amplicon sequence variants
(ASVs) using the DADA2 workflow in R [18], with script details and
parameter settings provided in the Materials and Methods section of the
Supplementary Information.

2.5. Statistical analysis

Statistical analyses were performed in the R environment. Peri-
odontal parameter values were used in their original form, while taxo-
nomic data were aggregated to the species level. Microbiome data were
transformed to relative abundances for alpha and beta diversity analyses
and scaled to z-scores for model fitting. A significant threshold of p <
0.05 was applied to all statistical tests. Details of the R packages and
parameter configurations used are summarized in the Materials and
Methods section of the Supplementary Information.

3. Results

A total of 22 participants (11 PPFS and 11 EASD) were recruited.
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Two participants in the EASD group withdrew after the baseline without
attending any of the subsequent follow-up appointments, and one
refused microbial sampling from day 30 and was subsequently dropped.
The remaining 19 participants, who suffered from Stage III to IV peri-
odontitis, completed the entire study period, and subgingival plaque
samples were collected at all study time points (Supplementary Fig.1).
The FMPS, FMBS, PPD, REC, and CAL between groups did not show a
significant difference at any time point (Supplementary Table 2) [10].
Uneventful healing of the soft tissue of all sites and no participants re-
ported any severe adverse event during the healing period (0 — 90 days
post-operation). At the end of the study, all sites in the PPFS group
(100.0 %) and seven out of the eight study sites in the EASD group (87.5
%) had achieved the therapy endpoint. The one site from the EASD
participant was immediately followed up on after the study’s
conclusion.

3.1. Subgingival microbial composition between the PPFS and EASD
treatment groups

The clinical samples that failed to meet the downstream sequencing
standards and could not be analyzed are listed in Supplementary
Table 3. Overall, 86.6 % of the samples collected could be scrutinized.

Subgingival microbiome sequencing demonstrated comparable
biodiversity and community structure between PPFS and EASD groups
throughout the study. Rarefaction curves were generated for microbial
samples from both the PPFS and EASD groups, confirming sufficient
sequencing depth and comparability between the groups (Supplemen-
tary Fig. 2). Alpha and beta diversity analyses at baseline revealed no
significant differences in subgingival microbiota composition between
the PPFS and EASD groups (PERMANOVA p = 0.108), indicating similar
initial microbial community structures (Fig. 1A and B). Alpha-diversity
analyses indicated similar species diversity characteristics between the
groups, with some variations at specific time points. The Chaol and
Observed indices suggested potential differences in species richness at
particular intervals. In contrast, the Gini-Simpson and Shannon indices
indicated comparable species evenness and overall diversity, with minor
fluctuations (Fig. 1A). Over the 12-month follow-up, beta diversity
analysis revealed no significant differences in microbial composition
between the two treatments at any time point (PERMANOVA p > 0.05
for days 3, 7, 14, 30, 3 months, 6 months, 9 months, and 12 months;
Fig. 1B). Venn diagrams further illustrated the overlapping proportions
of microbial species between groups, supporting consistent community
structures post-intervention (51.1-61.7 %, Fig. 1C and Supplementary
Fig. 3).

3.2. Potential immediate post-treatment microbial shifts of PPFS and
EASD groups

To delve deeper into the microbial alterations, a time-series analysis
was conducted for the two groups, aiming to provide a more compre-
hensive comparison of the changes in their microbial communities. To
compare the immediate post-treatment microbial changes, subgingival
microbiomes were collected on day 3, and the results showed that while
both the PPFS and EASD methods effectively removed subgingival
microbiota (Fig. 1A, with observed alpha diversity decreasing), their
impacts on the microbial community differed (Fig. 2). On day 3, in the
PPFS group, a significant difference in beta diversity was observed
compared to the baseline (PERMANOVA, p = 0.001; Fig. 2A), indicating
that the PPFS method induced substantial changes in microbial
composition. In contrast, for the EASD group, although a change in the
microbiome was also observed, the beta-diversity change compared to
the baseline was not significant (PERMANOVA p = 0.120; Fig. 2B), yet it
still indicated a certain impact on the microbial composition.

By comparing the Venn diagrams of the microbes identified from
PPFS and EASD samples, variations in the numbers of shared and unique
bacterial species at months’ time points can be observed
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Fig. 1. Diversity, composition, and overview of microbial communities in residual periodontal intrabony defects treated by papilla preservation flap surgery (PPFS)
or endoscope-assisted subgingival debridement (EASD). A. Microbial alpha-diversity indices of the PPFS (blue) and EASD (orange) samples at different time-points.
Except for Choa 1 and the observed alpha-diversity on day 7. B. Principal Coordinates Analysis (PCoA) plots based on unweighted UniFrac distances of the microbial
communities from the PPFS (blue) and EASD (orange) groups at a particular sampling time point. PERMANOVA (permutational multivariate analysis of variance) p-
values are shown. C. Venn diagrams showing the bacteria species detectable only from PPFS (blue), EASD (orange) sample, or in both PPFS and EASD (purple)
samples at the time-point of concern. * p < 0.05.
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Fig 2. Baseline and immediate post-treatment (day 3) microbial composition in residual periodontal intrabony defects treated by papilla preservation flap surgery
(PPFS) or endoscope-assisted subgingival debridement (EASD). Principal-Coordinates Analysis (PCoA) plots based on unweighted UniFrac distances of the microbial
communities showing the changes in subgingival microbiota composition from baseline (green) to day 3 (purple) for the PPFS (A) and EASD (B) groups. Permu-
tational multivariate analysis of variance (PERMANOVA) revealed a significant change in microbial composition in the PPFS samples at day 3.

(Supplementary Fig. 3). In terms of the number of shared bacterial
species across all time points, the PPFS (235) and the EASD (219) groups
were comparable. Regarding the number of unique bacterial species, a
similar pattern was observed (PPFS = 161, EASD = 125).

3.3. Longitudinal changes in subgingival microbial composition following
PPFS and EASD treatments

When analyzing the relative abundance of the top 20 bacterial taxa
(which collectively accounted for over 50 % of the microbial community
at baseline), it was observed that they together accounted for over 50 %
abundance at all time points examined, indicating their dominant po-
sition within the community (Fig. 3A & B). Concerning the known pu-
tative periodontopathic [1,19] (Fig. 3C & D) or periodontal health [1]
(Fig. 3E & F) bacteria, which are at any time <0.2 or 0.07 relative
abundance, respectively, minimal differences can be observed between
that of the PPFS vs. the EASD group at any time point (Supplementary
Fig. 5).

Further analysis of pathogenic bacteria revealed that, at post-
treatment, the average relative abundance of putative periodontopath-
ogens in the PPFS and EASD groups was approximately 60 % that of the
baseline (Fig. 3C and D). Immediately after the therapy, on day 3, the
relative abundances of pathogenic bacteria in the PPSF/EASD group
decreased to approximately 50/30 %, indicating the effectiveness of the
two surgical procedures in removing these pathogens. However, by one
month, a 50-60 % relative abundance of periodontopathogens
compared to baseline had already been established (Fig. 3C & D).
Considering the three identifiable ‘periodontal health’ [1] species, there
is also a roughly 40 % (PPSF) or 90 % (EASD) relative abundance
reduction over the post-treatment period (Fig. 3E & F), indicating that
they are also affected by the periodontal intervention.

3.4. Microbial community stability and community function following
PPFS and EASD treatments

The microbial community in the EASD group exhibited minimal
variation across multiple time points compared to the PPFS groups
(Fig. 4A & B). This result indicates that there were no statistically sig-
nificant changes in the microbial community structure over time within

the EASD group (PERMANOVA p = 0.324) (Fig. 4B). Despite fluctua-
tions observed at intermediate time points, the overall microbial
composition remained stable.

The Procrustes analysis aligns microbial community structures from
different time points. The results showed that the EASD 12-month mi-
crobial composition was statistically similar to the baseline (Procrustes
SS = 0.033, p = 0.030) (Fig. 4D). In contrast, the PPFS microbial com-
munity at 12 months remained significantly different from the baseline
(Procrustes SS = 0.207, p = 0.100, Fig. 4C).

3.5. Correlation between the predominant post-treatment microbial
profile and periodontal parameters

Considering the generally successful therapy by PPFS or EASD, and
the relatively small sample sizes for both groups, the research team
chose to consolidate all data for this part of the study and focus only on
microbes with >50 % prevalence (n = 14). Subsequent correlation
analysis between post-treatment periodontal clinical parameters (Pl,
BOP, and PPD; 3- to 12-month) and microbial taxa [11] revealed distinct
associations at the site level (Fig. 5A). Specifically, five commensal
species exhibited negative correlations with P1, BOP, and PPD, whereas
nine pathogenic taxa showed positive correlations. In all samples,
mixed-effects modeling revealed that BOP was positively associated
with Fusobacterium nucleatum subsp. vincentii, while PPD correlated with
Fretibacterium fastidiosum and Treponema socranskii (Fig. 5B).

4. Discussion

PPFS and EASD demonstrated comparable clinical outcomes on the
management of residual periodontal pockets with intrabony defects up
to 12 months post-operation in the previous non-inferiority study [10].
The underlying therapeutic mechanisms and the anticipated healing
dynamics induced are distinct.

This study elucidates the subgingival microbiota dynamics following
PPFS and EASD in residual periodontal intrabony defects. During the
one-year observation period, the absence of significant differences in
overall microbiome composition between PPFS and EASD aligns with
their comparable clinical outcomes (Supplementary Tables 1 & 2) [10,
20]. The microbial results showed that both PPFS and EASD achieved
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Fig. 3. Longitudinal changes in subgingival microbial composition following papilla preservation flap surgery (PPFS) or endoscope-assisted subgingival debridement
(EASD) in residual periodontal intrabony defects. Relative abundance of the top 20 species at baseline/periodontopathogenic species [putative species [1] and red
complex species [19] (n = 28)]/periodontal health species [1] (n = 3) over the study timeline for the PPFS (A/C/E) or EASD (B/D/F) groups, respectively. Please
note that the currently used culture-independent microbial detection system cannot unequivocally identify Streptococcus mitis; therefore, the corresponding infor-

mation under periodontal health species was not included.

comparable overall influences in the predominantly detectable species
and periodontopathogenic bacteria profiles (Fig. 3, Supplementary
Fig. 3 & Fig. 4), consistent with the shared therapeutic objective of
disrupting subgingival biofilms—the primary etiological factor in peri-
odontitis [3,21]. A noteworthy point is that, including the prior Step 1
and 2 therapies, neither the surgical approach nor the

endoscope-assisted treatment could eradicate the putative or established
periodontopathogens, nor could we see a massive increase in abundance
of any “health-related” species (Fig. 3, Supplementary Fig. 3 & Fig. 4).
This finding is concurred by the previous report that suppressing peri-
odontal pathogen in deep periodontal pocket with intrabony component
by subgingival debridement may not be sufficient [22]. All in all, the
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Fig. 4. Microbial composition following papilla preservation flap surgery (PPFS) or endoscope-assisted subgingival debridement (EASD) in residual periodontal
intrabony defects over all study time points. Principal Coordinates Analysis (PCoA) plots based on unweighted UniFrac distances of the microbial communities
comparing the subgingival microbiota composition of samples in PPFS (A) or EASD (B) groups, from baseline to 12 months, permutational multivariate analysis of
variance (PERMANOVA) indicated a statistically significant difference (p = 0.004) was observed in the PPFS group. When focusing on the microbial profile variations
between the baseline and 12-month (C and D) time points, the Procrustes analysis (sums of squares approach) indicated significant intra-participant microbial profile
similarity in the EASD group (D). Numbers in the plots (C and D) represent individual participants as shown in Supplementary Table 1. Please note that either the
baseline or 12-month microbial samples from participants 6, 7, and 8 in the PPFS group, as well as participants 3 and 6 in the EASD group, did not meet the required
standards for downstream sequencing and were therefore not analyzed (Supplementary Table 3).

observation perhaps reinforces the notion regarding the importance of
coexistence between periodontopathogens and oral commensals, as well
as the opportunistic nature of the pathogen-caused periodontal infection
[23].

Reductions in putative pathogenic bacteria, including the red-
complex (P. gingivalis, T. denticola, T. forthysia), observed in both
groups within the first week of the Step 3 treatment, support the efficacy
of the mechanical biofilm disruption, whether via PPFS direct surgical
access or EASD closed-endoscopic root surface debridement (Fig. 3C &
D) [7,24]. Nevertheless, various levels of relative abundance rebound of

the total periodontopathogen were observed from 3 to 12 months,
despite the almost 100 % elimination or minimization of the periodontal
pocket concern (Supplementary Table 1).

Despite the persistent inflammation and inability of the test sites to
heal after the Steps 1 and 2 therapy, not all samples from all study time
points, including three from baseline, had sufficient microbial material
required for downstream analysis (Supplementary Table 3). This could
perhaps be explained, at least in part, by the relatively good home care
delivered by the participants (Supplementary Table 2). Moreover, there
were 3 subjects dropped out from the EASD group which affects the
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Fig. 5. Correlation between subgingival species (n = 14) with prevalence of >50 % post-treatment [papilla preservation flap surgery (PPFS) and endoscope-assisted
subgingival debridement (EASD) in residual periodontal intrabony defects; 3-, 6-, 9-, and 12-month] and their corresponding periodontal parameters. A. The cor-
relation plots depicting the strength of association (Pearson Correlation) between the 14 species of concern and periodontal parameters followed: plaque (P1, no/yes),
bleeding on probing (BOP, no/yes), or probing pocket depth (PPD, in mm) measured at the four study time points. Correlations between bacteria are displayed in
rmcorr’s r (boxes: blue = positive, red = negative; size = absolute r value). Correlations between bacteria and periodontal parameters are displayed in green (positive)
and red (negative) lines of varying thickness, indicating the absolute r value. B. A linear mixed-effects model (for continuous outcome PPD) and a logistic mixed-
effects model (for binary outcomes Pl and BOP) were used to analyze the relationship between periodontal outcomes and the 14 bacterial species. The bacterial
variables were selected using a stepwise model selection. Estimates of the coefficients (b) and the associated standard error (SE) are provided for the fixed effects.
Statistical analysis refers to a t-test (PPD) or a Chi-square test (Pl and BOP). *p < 0.05, **p < 0.01, ***p < 0.001.
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comparison between the test and control group. These are the limita-
tions of the current study; researchers may need to consider this fact to
improve microbial specimen collection, increase the sample size and
improve retention of subjects in future investigations.

In the current study, patients diagnosed with Stage III and IV peri-
odontitis who presented with persisting residual periodontal intrabony
defects which require attention of Step 3 periodontal therapy were
recruited [10]. The highly standardized inclusion criteria, the
well-executed Step 1 and 2 periodontal therapies and the Step 4 peri-
odontal therapy at 3-month interval have largely controlled the in-
flammatory burden of the subjects in two groups. To further minimize
confounding factors, all 19 included subjects were non-smokers and had
no relevant medical history, such as diabetes mellitus. While four sub-
jects were on medication for hypertension, one was being monitored for
osteoporosis, and one had a history of breast cancer, these conditions are
not directly linked to periodontal inflammation in the same way as
smoking or diabetes. This rigorous selection and pre-treatment protocol
ensured that the microbiological evaluation was conducted on a patient
cohort with controlled inflammation, providing a more accurate repre-
sentation of the microbial community at the specific intrabony defect
sites. Furthermore, with comparable baseline clinical and microbiolog-
ical features of the subjects (Supplementary Table 1 & 2), the difference
of the impact of the inflammatory burden between two groups should
have been kept insignificant and the findings of the current study is
reflecting the subgingival microbial community induced by the test and
control therapy in the 12-month study period.

Concerning a recent systematic review and meta-analysis, the
microbiological changes after periodontal surgery observed were,
however, heterogeneous, despite the clinical improvement [25]. None of
the included studies appropriately reported the completion of Step 2
therapy before the study commencement, i.e., with a reported P1 % >40
% or BOP % approximately 50 % at the study’s baseline. The findings of
the current study provided valuable information on the effect of mi-
crobial shifts during the initial healing phase of periodontal tissue
following both surgical and non-surgical periodontal procedures. It may
be potentially crucial for emerging minimally invasive treatment pro-
tocols, including non-incisional periodontal regeneration and minimally
invasive non-surgical therapy, to seek further improvements.

Only minimal studies comprehensively reported the microbes asso-
ciated with clinical parameters before or during active periodontal
therapy [11]. That recent report from this group focused on 21 species
that exhibited significant changes in relative abundance over the study
period [11]. The current study investigated the relationship between
clinical parameters and microbes that could be identified more than or
equal to twice in the 3- to 12-month samples (Fig. 5).

It further validated correlations between changes in the microbiome
and clinical parameters through site-specific analysis of samples.
Bleeding on probing, a key marker of inflammation, exhibited a positive
association with F. nucleatum subsp. vincentii whereas PPD correlated
with the detection of F. fastidiosum and T. socranskii (Fig. 5).

Periodontal pocket depth showed significant positive correlations
with nine putative periodontopathogens pre-treatment [1]:
F. fastidiosum, Fretibacterium sp. HMT 361, T. forsythia, Filifactor alocis,
Peptostreptococcaceae [XI][G-9] [Eubacterium] brachy, T. socranskii,
Selenomonas sputigena, F. nucleatum, and Prevotella pleuritidis. A similar
observation was reported in pre-treatment periodontitis patients, where
F. fastidiosum, T. forsythia, and Campylobacter rectus were identified as
key drivers of subgingival plaque alteration, contributing to periodon-
titis [26], or the former two pathogens together forming tentative oral
microbiome signatures relevant to periodontitis [27]. Similarly, it was
also reported to be the case for T. socranskii [28], with implications or
correlations with clinical parameters, including PPD [29]. The associa-
tion between BOP and F. nucleatum subsp. vincentii relative abundance,
however, remained to be elucidated.

The current pilot study observations, in line with previous studies,
suggesting that clinicians may need to be cautious about the potential
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association between deeper PPD and an increased relative abundance of
the gram-negative anaerobic motile F. fastidiosum during the healing
process of residual pockets after Step 3 therapy, whether with surgery or
EASD (Fig. 5). Indeed, F. fastidiosum was reported, together with
S. sputigena, to contribute to the upregulation of bacterial chemotaxis,
flagellar assembly, and two-component system proteins upon tran-
scriptional activities analysis of the periodontal pocket microbiota from
all domains of life as well as that of humans [30]. Although EASD
demonstrated non-inferior clinical outcomes compared to PPFS up to 12
months post-operation, the current study revealed a subtle difference in
microbiological responses and a tendency for baseline reversion within
the subgingival plaque of the EASD group.

In conclusion, both PPFS and EASD demonstrate comparable efficacy
in reducing pathogens and achieving similar long-term functional out-
comes in residual periodontal intrabony defects. However, their mi-
crobial stability and ecological trajectories subtly diverge: PPFS creates
sustained shifts in microbial composition. At the same time, EASD ex-
hibits slightly greater variability in species richness and pathogen
abundance during intermediate healing phases, reflecting relatively less
stable ecological restructuring. EASD’s tendency toward baseline mi-
crobial reversion and its dependency on operator skill for closed visu-
alization may impact clinical reliability in deep pocket management.
Future research should prioritize larger sample cohorts, evaluations of
inter-operator variability, longitudinal microbial monitoring, in-
vestigations into adjunctive therapies for EASD, and efforts to enhance
and validate the reliability of endoscope-assisted subgingival
debridement.

Data availability

The sequence reads and metadata were deposited in NCBI Short
Reads Achieve with BioProject number PRJNA1288221 while other data
supporting the findings of this study are available on request from the
corresponding author. These data are not publicly available due to pri-
vacy or ethical restrictions.

Funding sources

The work described in this paper was substantially supported by
grants from the Health and Medical Research Fund of the Hong Kong
Special Administrative Region, China (WKL: 02132216, 03141636, and
KLDH: 18170492).

Human research ethic

This study received approval from the Hong Kong Hospital Authority
West Cluster Ethics Committee (approval number UW 19-086) and was
prospectively registered in the Chinese Clinical Trial Registry (ChiCTR-
INR-16,008,407).

CRediT authorship contribution statement

King-Lun Dominic Ho: Writing — review & editing, Writing — orig-
inal draft, Resources, Project administration, Methodology, Investiga-
tion, Funding acquisition, Formal analysis, Data curation,
Conceptualization. Miao Wang: Writing — review & editing, Writing —
original draft, Software, Methodology, Investigation, Formal analysis,
Data curation. Ka-Leong Ryan Ho: Investigation, Data curation,
Conceptualization. Wai Man Tong: Software, Methodology, Investiga-
tion, Formal analysis, Data curation. Maurizio S. Tonetti: Methodol-
ogy, Conceptualization. Wai Keung Leung: Writing — review & editing,
Writing - original draft, Visualization, Validation, Supervision, Re-
sources, Project administration, Methodology, Funding acquisition,
Formal analysis, Conceptualization.



K.-L.D. Ho et al.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors would like to thank Ms. Yvonne Tsui, Ms. Joanna Hui,
and Ms. Jenny Wong for patient coordination and chairside assistance.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jdent.2025.106058.

References

[1] A. Antezack, D. Etchecopar-Etchart, B. La Scola, V. Monnet-Corti, New putative
periodontopathogens and periodontal health-associated species: a systematic
review and meta-analysis, J Periodontal Res 58 (5) (2023) 893-906.

M.A. Curtis, P.I. Diaz, T.E. Van Dyke, The role of the microbiota in periodontal
disease, Periodontol 2000 83 (1) (2020) 14-25.

M. Sanz, D. Herrera, M. Kebschull, I. Chapple, S. Jepsen, T. Beglundh, A. Sculean,
M.S. Tonetti, E.F.P.W. Participants, C. Methodological, Treatment of stage I-III
periodontitis-the EFP S3 level clinical practice guideline, J Clin Periodontol 47
(Suppl 22) (2020) 4-60. Suppl 22.

J.L. Wennstrom, C. Tomasi, A. Bertelle, E. Dellasega, Full-mouth ultrasonic
debridement versus quadrant scaling and root planing as an initial approach in the
treatment of chronic periodontitis, J Clin Periodontol 32 (8) (2005) 851-859.
W.B. Kaldahl, K.L. Kalkwarf, K.D. Patil, M.P. Molvar, J.K. Dyer, Long-term
evaluation of periodontal therapy: II. Incidence of sites breaking down,

J Periodontol 67 (2) (1996) 103-108.

W.K. Brayer, J.T. Mellonig, R.M. Dunlap, K.W. Marinak, R.E. Carson, Scaling and
root planing effectiveness: the effect of root surface access and operator experience,
J Periodontol 60 (1) (1989) 67-72.

S.A. Buchanan, P.B. Robertson, Calculus removal by scaling/root planing with and
without surgical access, J Periodontol 58 (3) (1987) 159-163.

V. Pedrazzoli, M. Kilian, T. Karring, E. Kirkegaard, Effect of surgical and non-
surgical periodontal treatment on periodontal status and subgingival microbiota,
J Clin Periodontol 18 (8) (1991) 598-604.

R.W. Ali, T. Lie, N. Skaug, Early effects of periodontal therapy on the detection
frequency of four putative periodontal pathogens in adults, J Periodontol 63 (6)
(1992) 540-547.

K.D. Ho, K.R. Ho, G. Pelekos, W.K. Leung, M.S. Tonetti, Endoscopic Re-
instrumentation of intrabony defect-associated deep residual periodontal pockets is
non-inferior to papilla preservation flap surgery: A randomized trial, J Clin
Periodontol 52 (2) (2025) 289-298.

R.H.W. Cheng, M. Wang, W.M. Tong, W. Gao, R.M. Watt, W.K. Leung, Subgingival
microbial changes in Down Syndrome adults with periodontitis after chlorhexidine
adjunct non-surgical therapy and monthly recalls-A 12-month case series study,

J Dent 143 (2024) 104907.

[2]
[3]

[4]

[5

—

[6]

[7]

[8

[}

[91

[10]

[11]

10

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Journal of Dentistry 162 (2025) 106058

X.L. Yu, Y. Chan, L. Zhuang, H.C. Lai, N.P. Lang, W.K. Leung, R.M. Watt, Intra-oral
single-site comparisons of periodontal and peri-implant microbiota in health and
disease, Clin Oral Implants Res 30 (8) (2019) 760-776.

P. Cortellini, M.S. Tonetti, A minimally invasive surgical technique with an enamel
matrix derivative in the regenerative treatment of intra-bony defects: a novel
approach to limit morbidity, J Clin Periodontol 34 (1) (2007) 87-93.

P. Cortellini, G.P. Prato, M.S. Tonetti, The modified papilla preservation technique.
A new surgical approach for interproximal regenerative procedures, J Periodontol
66 (4) (1995) 261-266.

L. Nibali, D. Pometti, T.T. Chen, Y.K. Tu, Minimally invasive non-surgical approach
for the treatment of periodontal intrabony defects: a retrospective analysis, J Clin
Periodontol 42 (9) (2015) 853-859.

M.S. Tonetti, P. Cortellini, G. Carnevale, M. Cattabriga, M. de Sanctis, G.P. Pini
Prato, A controlled multicenter study of adjunctive use of tetracycline periodontal
fibers in mandibular class II furcations with persistent bleeding, J Clin Periodontol
25 (9) (1998) 728-736.

C. Fang, H. Zhong, Y. Lin, B. Chen, M. Han, H. Ren, H. Lu, J.M. Luber, M. Xia, W. Li,
S. Stein, X. Xu, W. Zhang, R. Drmanac, J. Wang, H. Yang, L. Hammarstrom, A.
D. Kostic, K. Kristiansen, J. Li, Assessment of the cPAS-based BGISEQ-500 platform
for metagenomic sequencing, Gigascience 7 (3) (2018) 1-8.

B.J. Callahan, P.J. McMurdie, M.J. Rosen, A.W. Han, A.J. Johnson, S.P. Holmes,
DADAZ2: high-resolution sample inference from Illumina amplicon data, Nat
Methods 13 (7) (2016) 581-583.

S.S. Socransky, A.D. Haffajee, M.A. Cugini, C. Smith, R.L. Kent Jr., Microbial
complexes in subgingival plaque, J Clin Periodontol 25 (2) (1998) 134-144.

F.V. Ribeiro, R.C. Casarin, M.A. Palma, F.H. Junior, E.A. Sallum, M.Z. Casati,
Clinical and patient-centered outcomes after minimally invasive non-surgical or
surgical approaches for the treatment of intrabony defects: a randomized clinical
trial, J Periodontol 82 (9) (2011) 1256-1266.

M.A. Cugini, A.D. Haffajee, C. Smith, R.L. Kent Jr., S.S. Socransky, The effect of
scaling and root planing on the clinical and microbiological parameters of
periodontal diseases: 12-month results, J Clin Periodontol 27 (1) (2000) 30-36.
L. Heitz-Mayfield, M.S. Tonetti, P. Cortellini, N.P. Lang, P. European Research
Group on, microbial colonization patterns predict the outcomes of surgical
treatment of intrabony defects, J Clin Periodontol 33 (1) (2006) 62-68.

G.N. Belibasakis, D. Belstrom, S. Eick, U.K. Gursoy, A. Johansson, E. Kononen,
Periodontal microbiology and microbial etiology of periodontal diseases: historical
concepts and contemporary perspectives, Periodontol 2000 (2023).

G.J. Petersilka, B. Ehmke, T.F. Flemmig, Antimicrobial effects of mechanical
debridement, Periodontol 2000 28 (2002) 56-71.

A. Krajewski, J. Perussolo, N. Gkranias, N. Donos, Influence of periodontal surgery
on the subgingival microbiome-A systematic review and meta-analysis,

J Periodontal Res 58 (2) (2023) 308-324.

Y. Kang, B. Sun, Y. Chen, Y. Lou, M. Zheng, Z. Li, Dental plaque microbial
resistomes of periodontal health and disease and their changes after scaling and
root planing therapy, mSphere 6 (4) (2021) e0016221.

A. Soueidan, K. Idiri, C. Becchina, P. Esparbes, A. Legrand, Q.Le Bastard,

E. Montassier, Pooled analysis of oral microbiome profiles defines robust signatures
associated with periodontitis, mSystems 9 (11) (2024) e0093024.

R.G. Ledder, P. Gilbert, S.A. Huws, L. Aarons, M.P. Ashley, P.S. Hull, A.J. McBain,
Molecular analysis of the subgingival microbiota in health and disease, Appl
Environ Microbiol 73 (2) (2007) 516-523.

Y. Takeuchi, M. Umeda, M. Sakamoto, Y. Benno, Y. Huang, I. Ishikawa, Treponema
socranskii, Treponema denticola, and Porphyromonas gingivalis are associated with
severity of periodontal tissue destruction, J Periodontol 72 (10) (2001)
1354-1363.

Z.L. Deng, S.P. Szafranski, M. Jarek, S. Bhuju, I. Wagner-Dobler, Dysbiosis in
chronic periodontitis: key microbial players and interactions with the human host,
Sci Rep 7 (1) (2017) 3703.


https://doi.org/10.1016/j.jdent.2025.106058
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0001
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0001
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0001
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0002
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0002
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0003
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0003
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0003
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0003
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0004
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0004
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0004
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0005
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0005
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0005
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0006
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0006
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0006
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0007
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0007
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0008
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0008
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0008
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0009
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0009
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0009
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0010
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0010
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0010
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0010
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0011
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0011
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0011
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0011
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0012
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0012
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0012
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0013
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0013
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0013
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0014
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0014
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0014
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0015
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0015
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0015
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0016
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0016
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0016
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0016
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0017
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0017
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0017
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0017
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0018
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0018
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0018
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0019
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0019
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0020
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0020
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0020
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0020
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0021
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0021
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0021
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0022
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0022
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0022
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0023
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0023
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0023
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0024
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0024
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0025
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0025
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0025
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0026
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0026
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0026
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0027
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0027
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0027
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0028
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0028
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0028
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0029
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0029
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0029
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0029
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0030
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0030
http://refhub.elsevier.com/S0300-5712(25)00504-4/sbref0030

	Papilla preservation flap surgery and endoscope-assisted subgingival debridement for Step 3 therapy: A 12-month pilot study ...
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Clinical intervention
	2.2.1 Randomization, masking, and study site selection
	2.2.2 Interventions
	2.2.3 Follow-up appointments
	2.2.4 Clinical data recording

	2.3 Subgingival microbial sample collection
	2.4 16S rRNA sequencing and data analysis
	2.5 Statistical analysis

	3 Results
	3.1 Subgingival microbial composition between the PPFS and EASD treatment groups
	3.2 Potential immediate post-treatment microbial shifts of PPFS and EASD groups
	3.3 Longitudinal changes in subgingival microbial composition following PPFS and EASD treatments
	3.4 Microbial community stability and community function following PPFS and EASD treatments
	3.5 Correlation between the predominant post-treatment microbial profile and periodontal parameters

	4 Discussion
	Data availability
	Funding sources
	Human research ethic
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Supplementary materials
	References


