Received: 20 April 2023

Revised: 21 February 2024

W) Check for updates

Accepted: 21 March 2024

DOI: 10.1111/jcpe.13985

SYSTEMATIC REVIEW

Journal of Clinical

WILEY

Periodontology

Change in clinical parameters after subgingival instrumentation
for the treatment of periodontitis and timing of periodontal
re-evaluation: A systematic review and meta-analysis

Lucrezia Paterno Holtzman?

Gianluca Vittorini Orgeas®
Marco Clementini®

1Department of Periodontology and
Prosthodontics, George Eastman Dental
Hospital, Policlinico Universitario Umberto |,
Rome, Italy

2Division of Periodontology, School of Dental
Medicine, Department of Surgical Sciences,
Faculty of Medicine, Universita degli Studi di
Cagliari, Cagliari, Italy

3Department of Periodontology, Universita
Cattolica del Sacro Cuore School of Dentistry,
Rome, Italy

“Department of Periodontology, Vita-Salute
San Raffaele University, Milan, Italy

SDepartment of Medical Biotechnologies, Unit
of Periodontology, University of Siena,
Siena, Italy

4UniCamillus-Saint Camillus International
University of Health Sciences, Rome, Italy

Correspondence

Lucrezia Paterno Holtzman, Viale Regina Elena
278 B, Rome, ltaly.

Email: lucreziaph@gmail.com

| Nicola Alberto Valente? |

| LucaCopes*® | Nicola Discepoli® |

Abstract

Aim: To evaluate the changes in periodontal parameters (reduction in probing pocket
depth [PPD], gain in clinical attachment level [CAL] and reduction in full-mouth
bleeding on probing [BoP]) after subgingival instrumentation of periodontal pockets
at different time points in systemically healthy patients suffering from periodontitis.
Materials and Methods: Four databases were searched for RCTs that carried out
subgingival instrumentation in periodontal pockets and evaluated PPD at a minimum
of two consecutive time points other than baseline. The analysis was conducted for
both all pocket depths and stratified for initially shallow (4-5 mm) and deep (26 mm)
pockets and data were extracted for various time points, 1-2, 3-4 and 5-6 months.
Weighted mean effects (WMEs) were calculated with 95% confidence interval
(Cl) and predictive intervals were calculated.

Results: Twenty-nine RCTs were identified, and all of them were included in the
meta-analysis. The results showed that for both shallow and deep pockets there was
a small though clinically meaningful change between 1- to 2-month and 3- to
4-month time points and between these and 5-6 months.

Conclusions: In systemically healthy patients, the greater part of reduction in PPD
and gain in CAL occurs within the first 1-2 months after subgingival instrumentation.
However, additional benefits in terms of pocket depth reduction occur beyond these

early time points.

KEYWORDS

clinical attachment level gain, periodontal re-evaluation, periodontitis, probing pocket depth
reduction, subgingival instrumentation

Clinical Relevance
Scientific rationale for study: Although a stepwise approach for the treatment of periodontal dis-
ease has been proposed in clinical guidelines, the best time point for re-evaluation after Steps

1 and 2 remains unclear.
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initial pocket depth.

1 | INTRODUCTION

The European Federation of Periodontology (EFP) recently published
clinical practice guidelines aiming to provide recommendations for
practitioners for the treatment of Stage I-lll periodontitis (Sanz
et al., 2020). These are based on a stepwise approach to therapy,
which includes a sequence of interventions applied in an incremental
fashion. While Step 1 aims to guide behavioural changes and assist
the patient in supragingival biofilm control, Step 2 focuses on sub-
gingival instrumentation. A recent systematic review (Suvan
et al., 2020) evaluated the efficacy of Step 2 treatment and con-
cluded that it is efficacious in achieving the clinical endpoints of peri-
odontal therapy (probing depth reduction, reduction of inflammation
and reduced number of diseased sites).

According to the EFP guidelines, the cumulative effect of the
first and second steps of therapy (subgingival instrumentation)
should be assessed at the moment of periodontal re-evaluation: if
the endpoints of therapy (no periodontal pockets >4 mm with
bleeding on probing [BoP] or no deep periodontal pockets [26 mm])
have not been achieved, the third step of the therapy (surgical
treatment or repeated instrumentation) should be considered. On
the other hand, if the clinical goals have been met, the patient is
inserted into a supportive periodontal care programme, aimed to
maintain periodontal stability (Sanz et al., 2020).

From clinical and histological standpoints, different time intervals
after subgingival instrumentation have been proposed in the literature
as appropriate to re-evaluate the periodontal condition (Segelnick &
Weinberg, 2006).

The clinical practice guidelines clearly state the importance of
periodontal re-evaluation, which should be performed ‘once the peri-
odontal tissues have healed’ (Sanz et al., 2020). However, the exact
moment in which this assessment should be carried out after Step 2 is
not explicitly stated. The selection of an appropriate time point is of
paramount importance. If Step 3 were to be performed before tissues
have healed completely after Steps 1 and 2, this would imply an
increase in treatment morbidity. By re-evaluating when the periodon-
tal tissues have reached a complete maturation, it is more likely that
the correct therapy is selected while reducing morbidity.

Therefore, the aim of the present systematic review was to inves-
tigate the variation of clinical parameters after subgingival instrumen-

tation for the treatment of periodontitis and search for evidence

Principal findings: The majority of the probing pocket depth (PPD) reduction and clinical attach-
ment level (CAL) gain can be observed within the first 2 months post-instrumentation, although
clinically relevant changes occur at 3-4 and 5-6 months.

Practical implications: Based on the present data, the maximum effect of Step 2 therapy on PPD
reduction is achieved after 1-2 months. Though re-evaluation could be performed at
1-2 months, most cases will benefit in waiting up to 3 months for a further 0.5-1 mm of PPD
reduction. The impact of this additional reduction and its clinical significance will depend on the

regarding the best timing for periodontal re-evaluation in periodontitis
patients treated with subgingival instrumentation.

2 | MATERIALS AND METHODS

This review has been registered at the National Institute for
Health Research PROSPERO, International Prospective Register
of Systematic Reviews and has been assigned the number
CRD42020223552.

21 | PICO criteria definitions

Population: Patients with a diagnosis of periodontitis in need of
mechanical supra- and subgingival instrumentation performed without
adjunctive treatments (Steps 1 and 2).

Intervention: Re-evaluation performed after 1-2 months from
treatment.

Comparison: Re-evaluation performed after 3-4 or 5-6 months from
treatment.

Outcomes:

Primary outcome: Change in probing pocket depth (PPD) at 1-2, 3-4
and 5-6 months;

Secondary outcomes: Change in clinical attachment level (CAL), change
in bleeding upon probing (BoP), change in gingival index (Gl), change
in pocket closure (%) at 1-2, 3-4 and 5-6 months.

Study type: Randomized controlled trials (RCTs).

2.2 | Focused question

In patients suffering from periodontitis treated with mechanical supra
and subgingival instrumentation (Steps 1 and 2) and re-evaluated after
1-2 months, what is the change in clinical parameters (PPD, BoP,
CAL, GI, pocket closure) after 3-4 and 5-6 months post-treatment?

2.3 | Primary outcome

PPD reduction at different time points (1-2, 3-4 and 5-6 months).
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24 | Secondary outcomes
Changes in CAL, Gl and BoP and rate of pocket closure at different
time points (1-2, 3-4 and 5-6 months).

2.5 | Search strategy

Electronic search: The reporting of this systematic analysis adhered to
the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines (Page et al., 2021).

Relevant articles published up to December 1, 2022 were
searched using the relevant keywords and respective Boolean
logic operators (AND, OR, NOT) used in the following databases:
PubMed, EMBASE, Ovid MEDLINE and Web of Science. The
relevant keywords were combined as follows for the search:
((‘periodontitis’[All  Fields]) AND ((‘therapy’[All Fields]) OR
(‘non surgical therapy’[All Fields]) OR (‘ultrasonic’[All Fields]) OR
(‘manual’[All Fields]) OR (‘mechanical’[All Fields]) OR (‘laser’[All
Fields]) OR (‘antibiotics’[All Fields]) OR (‘antiseptic’[All Fields]))
NOT ((‘endodontics’[All Fields]) OR (‘apical’[All Fields])) AND
((humans[Filter]) AND (alladult[Filter])) AND ((humans[Filter])
AND (english[Filter]) AND (alladult[Filter]))) Filters: Humans,
English, Adult: 19+ years.

Manual search: A manual search was performed to identify addi-
tional relevant references. The bibliographies of included references
were checked from the years 2012 until 2022 as well as the following
journals: Journal of Clinical Periodontology, Journal of Periodontology,
International Journal of Periodontics and restorative Dentistry, Journal of
Periodontal Research.

Two independent reviewers (LPH and NAV) screened all of the
titles, abstracts and then the full text of the studies according to
the inclusion and exclusion criteria. Disagreements were resolved by

discussion with a third reviewer (MC).

2.6 | Inclusion criteria

e Studies investigating subgingival instrumentation for treatment of
periodontitis in otherwise healthy individuals (i.e. not suffering
from systemic diseases that may affect gingival inflammation/
metabolism or taking medications that may affect gingival inflam-
mation/metabolism).

e Study groups (both test and control) that included patients treated
without additional therapies (e.g. laser and antibiotics).

e Randomized controlled clinical trials (RCTs).

e Studies reporting on PPD and/or CAL at minimum two follow-up
time points (aside from baseline) with a minimum initial follow-up of
1 month.

o At least 10 patients included per treatment group.

o Patient level analysis.

e Studies using a quadrant-wise or full-mouth delivery of subgingival
therapy (Suvan et al., 2020).

periodontology. . TAMA 1 S B

o Studies employing mechanical or power-driven instruments, or a
combination of both (Suvan et al., 2020).

2.7 | Exclusion criteria

e Periodontal non-surgical therapy for gingivitis, necrotizing peri-
odontitis and periodontitis as manifestation of systemic diseases.

o Split mouth design.

e Subsequent articles reporting information on the same cohort of
patients—in this case, only the most recent publication was
included.

o Studies lacking a clear periodontal diagnosis.

e Studies in which patients received subgingival re-instrumentation
after the initial session of therapy, for instance, during periodontal
maintenance sessions.

e Studies including surgical therapy of periodontal defects.

e Additional therapy (local or systemic antimicrobials, laser, host
modulators, laser or antimicrobial photodynamic therapy) com-
bined with subgingival instrumentation.

o Studies with a single follow-up appointment.

o Studies focusing specifically on infrabony defects/furcation defects.

2.8 | Quality assessment

Two authors (GVO and LC) independently assessed the studies in
terms of the inclusion, relevance, eligibility and risk of bias across
studies following the Cochrane Collaboration RoB-2 tool (Sterne
et al., 2019). Disagreements were resolved by discussion with a third
reviewer (MC).

2.9 | Data extraction and collection process

Following the screening process, two reviewers (LPH and NAV) inde-
pendently extracted the data of the selected articles using data
extraction tables. Disagreements were resolved by discussion with a
third reviewer (MC). The primary outcome (PPD reduction) and sec-
ondary outcomes (CAL, BoP changes) are reported in the table as
mean and standard deviation according to time ranges (1-2 months,
3-4 months and 5-6 months) and baseline PPD, either as an absolute
value or as a change between the different time points depending on

how they were reported in the study.

2.10 | Statistical analysis

Data were organized into evidence tables, and a descriptive summary
was performed to determine the data and study variations (i.e. study
subjects, treatment and results). Following article selection, Cohen's
kappa coefficient (k) was performed to assess inter-examiner

agreement.
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For continuous data (changes in PD and CAL), mean changes with
standard deviation were calculated between the two reported differ-
ent time points and analysed with weighted mean effect (WME) and
95% confidence intervals (Cls). When change values in periodontal
parameters were reported with respect to baseline, but not between
consecutive time points, the mean effect with standard deviation between
them (1-2 months vs. 3-4 months, 3-4 months vs. 5-6 months) was
calculated and analysed with weighted mean differences and 95% Cls.
All these values were grouped according to the value of baseline PPD
(all, shallow [4-5 mm] or deep [26 mm]).

Random-effects meta-analyses were performed using PPD and
CAL WME with their associated 95% Cls for the variations between
changes between baseline and 1-2 months, baseline and 3-
4 months, 1-2 months and 3-4 months, 3-4 months and 5-
6 months respectively. Statistical heterogeneity was explored. The
significance of discrepancies in the estimates of the treatment
effects from the different trials was assessed by means of
Cochrane's Q statistic (p < 0.05) for heterogeneity and the 17 index
(Higgins, 2003). Forest plots were used to illustrate the outcomes of
the different analyses.

Publication bias was evaluated through Funnel plots (function:
metafunnel) and Egger's test for small-study effects (Egger et al.,
1997). All analyses were performed with Stata (Stata Statistical Soft-
ware: Release 15 C, StataCorp LLC, College Station, TX, USA).

3 | RESULTS

3.1 |
studies

Search results and selection of included

A total of 4467 references, published up to December 2022, were
identified by the electronic search. Seven citations from the man-
ual search and the grey literature search were identified. After cre-
ating a single list and removal of 82 duplicates, 4392 records
remained for title-abstract screening; independent screening of
titles and abstracts resulted in the elimination of 3924 articles with
a good inter-reviewer agreement (kappa = 0.92); therefore,
468 articles remained for full-text evaluation (kappa = 0.91). After
full-text screening, 439 references were discarded. The final num-
ber of articles included in the review was 29 (list of excluded refer-
ences and reasons for exclusion can be found in Figure 1); a total
of 34 treatment groups were included. All 29 references (Tables 1a
and 1b) were consequently included in both qualitative analysis

and meta-analysis.

3.2 | Characteristics of included studies

3.2.1 | Disease definition

In 25 studies, periodontitis was defined as chronic (or adult), ranging

from mild generalized to severe generalized, while in 4 studies

(Andere et al., 2017; do Vale et al., 2016; Emingil et al., 2012; Taiete
et al., 2016), the authors included aggressive periodontitis.

None of the included studies claimed to include localized
forms of periodontal disease. Although it was not specified, most
likely all studies treated generalized forms of disease with varying
extent.

Disease severity was described with a wide range of qualifying
terms (e.g. ‘early’ ‘mild’, ‘moderate’, ‘severe’ and ‘advanced’) and
periodontal parameters (e.g. CAL, PPD, Gl and BoP).

3.2.2 | Study population/selected samples
Collectively, 633 patients were treated with Step 1 (supragingival pla-
que control) and Step 2 (subgingival instrumentation).

The mean age of participants ranged from 27.50 to
56.80 years, with a mean of 44.80 + 16.71. In terms of tobacco
use, 14 studies (Andere et al., 2017; Chopra et al., 2016; Cosyn
et al., 2007; do Vale et al., 2016; Grover et al., 2016; Mohammad
et al., 2005; Monzavi et al.,, 2016; Nogueira-Filho et al., 2010;
Pera et al., 2012; Pradeep & Kathariya, 2011; Saglam et al., 2014,
Taiete et al.,, 2016; Ustun et al., 2018; Zengin Celik et al., 2019)
excluded smokers while 2 studies (Machion et al., 2004; Theodoro
et al.,, 2018) included only smokers. In the remaining 13 studies
(AlAhmari et al., 2019; Cosyn et al., 2006; Cosyn et al., 2013;
Emingil et al., 2012; Fonseca et al., 2015; Girkan et al., 2005;
loannou et al., 2009; Jervge-Storm et al., 2006; Oteo et al., 2010;
Palmer et al., 1998; Sakellari et al., 2010; Sanz-Sadnchez
et al., 2015; Zanatta et al., 2006), both categories were repre-
sented with various proportions.

3.23 | Outcome assessment
All selected studies used a full-mouth approach to assess clinical
outcome variables, either by evaluating all sites, or a group of sites
according to a part of the mouth (e.g. a quadrant) or according to a
clinical criterion (e.g. PPD > 4 mm). The clinical parameters were
reported as follows: PPD and CAL in all 29 articles, BoP in 19
(AlAhmari et al., 2019; Andere et al.,, 2017; Chopra et al., 2016;
Cosyn et al., 2013, 2007; Emingil et al., 2012; Fonseca et al., 2015;
Jervge-Storm et al., 2006; Machion et al., 2004; Mohammad
et al., 2005; Oteo et al., 2010; Palmer et al., 1998; Pera et al., 2012;
Saglam et al., 2014; Sakellari et al., 2010; Sanz-Sanchez et al.,
2015; Theodoro et al., 2018; Ustun et al.,, 2018; Zengin Celik
et al., 2019) and Gl in 5 studies (Fonseca et al., 2015; Grover et al.,
2016; Pradeep & Kathariya, 2011; Saglam et al.,, 2014; Ustun
et al, 2018); the number of sites measured per tooth was 4-6
among all the selected publications. A total of 15 studies conducted
follow-ups at 1 month, 1 at 45 days, 3 at 2 months, 28 at 3 months,
0 at 4 and 5 months and 22 at 6 months.

The outcome ‘pocket closure’, defined as PPD < 4 mm with no

BoP (Sanz et al., 2020), was not reported consistently among the

95UB017 SUOLUIWIOD 3A11e81D) 3|l jdde a) Aq peuenob ae ool VO 35N JO So[n. 1oy Akeid1T8UIIUQ AB]1M UO (SUONIPUOD-PUB-SWIS)ALIY"AB | 1M Afe.d 1 jBul JUo//Sdiy) SUOTPUOD pue swie 1 8y} 88S *[9202/T0/v0] Uo AreiqiTauliuo AB(IM * elfeleueiyooD - Iunuswe D 0ok AQ S86ET9d0[/TTTT 0T/I0p/A0d" A3 1M AleIq1jBuluO//SANY Wo1j papeoiumod ‘T ‘G202 ‘XTS0009T



PATERNO HOLTZMAN T AL.

perioconioioay SUMIIBSACES

[ Identification of studies via datal and registers ] [ Identification of via other method: }
—
=
2
‘5 Records identified from: Records removed before screening: Records identified from:
= Databases (n = 4467) > Duplicate records removed (n = 82) Citation searching (n = 7)
T etc.
)
3
I
—
Records screened Records excluded
———->m
(n=4385) (n=3924)
} !
Reports sought for retrieval i Reports sought for retrieval i
> n 5461) 9 » ReEons not retrieved E7 fel —»| Reforts not retrieved
g (n=48) (n=7) (n=0)
=
)
: ! !
o
(2]
_— Reports excluded: o
Reports assessed for eligibility > Inadequate follow-up (1 = 94) Reports assessed for eligibility »
(n=413) Ana}ysis made on site I_evel (n=150) (n=7) Reports excluded:
Re-instrumentation (n = 51) Inadequate follow-up (n = 3)
Outcome not rep_oned (n=33) Insufficient number of patients (n = 2)
Data unclear (n = 39) Not RCTs (n = 2)
Inadequate type of treatment (n = 21)
Insufficient number of patients (n = 12)
No clear diagnosis (n = 5)
h— Not RCTs (n = 14)
Patients with systemic conditions (n =
20)
Vertical osseous defects (n = 27)
Periodontal non-surgical therapy for
gingivitis, necrotizing periodontitis and
A periodontitis as manifestation of
. X . systemic diseases (n = 10)
3 Studies included in review Same cohort studies (n = 8)
° (n=29) _
% Reports of included studies <
£ (n=29)
FIGURE 1 PRISMA flow chart.

included studies. It was therefore impossible to perform any kind of

analysis on this parameter.

3.24 | Type of interventions: Non-surgical
mechanical therapy

All included articles reported non-surgical mechanical instrumenta-
tion as the only active therapy in all patients. Different approaches
with regard to both timing (quadrant-wise or various types of full-
mouth approach) and instrumentation (power-driven or manual)
were included.

In total, 12 treatment groups in 12 different studies performed a
full-mouth approach (AlAhmari et al., 2019; Andere et al., 2017;
Cosyn et al., 2007; do Vale et al., 2016; Fonseca et al., 2015; Jervge-
Storm et al., 2006; Nogueira-Filho et al.,, 2010; Pera et al., 2012;
Saglam et al., 2014; Sakellari et al., 2010; Ustun et al., 2018; Zanatta
et al., 2006), while 11 treatment groups in 10 studies carried out a
qguadrant-wise treatment (Cosyn et al., 2006; Emingil et al., 2012;
Fonseca et al., 2015; Girkan et al, 2005; loannou et al., 2009;
Jervge-Storm et al., 2006; Oteo et al., 2010; Palmer et al., 1998;
Sanz-Sanchez et al., 2015; Zanatta et al., 2006). Finally, six studies
(six treatment groups) did not specify the type of timing approach
they selected for treatment (Machion et al., 2004; Mohammad
et al., 2005; Monzavi et al., 2016; Pradeep & Kathariya, 2011; Taiete
et al., 2016; Theodoro et al., 2018).

In terms of instrumentation, 10 treatment groups in 10 studies
used only ultrasonic instrumentation (Andere et al.,, 2017; Cosyn
et al., 2013; do Vale et al., 2016; loannou et al., 2009; Palmer
et al, 1998; Pera et al, 2012; Pradeep & Kathariya, 2011;
Sanz-Sanchez et al., 2015; Zanatta et al., 2006), while 13 studies
for a total of 14 treatment groups preferred a combination of
manual and ultrasonic instruments (Chopra et al.,, 2016; Cosyn
et al.,, 2006; Cosyn et al., 2007; Grover et al., 2016; Jervge-Storm
et al, 2006; Monzavi et al.,, 2016; Oteo et al., 2010; Saglam
et al.,, 2014; Sakellari et al., 2010; Taiete et al., 2016; Theodoro
et al., 2018; Ustun et al., 2018; Zengin Celik et al., 2019). A total of
six treatment groups in five studies used only manual instruments
(AlAhmari et al., 2019; Fonseca et al., 2015; loannou et al., 2009,
Zanatta et al., 2006, Girkan et al., 2005); finally, in four treatment
groups of four studies, the type of selected instrumentation was
not specified (Emingil et al, 2012; Machion et al., 2004,
Mohammad et al., 2005; Nogueira-Filho et al., 2010).

3.2.5 | Type of interventions: Supportive
periodontal therapy phase

Among all studies, the vast majority (24 studies) enrolled subjects in a
supportive periodontal therapy programme after performing subgingi-
val instrumentation, while five studies (AlAhmari et al., 2019, Chopra
et al,, 2016, Fonseca et al., 2015; Grover et al., 2016; Jervge-Storm
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PATERNO HOLTZMAN T AL.

(Continued)

TABLE 1b

CAL change 26 mm,

(mm) = SD

CAL change 4-

PPD change 26 mm, CAL change all,

PPD change 4-5 mm,

(mm) = SD

PPD change all
(mm) = SD

Follow-up

Gl change+SD

BoP change, (%) = SD

5 mm, (mm) £ SD

(mm) = SD

(mm) = SD

evaluations

Main author

3 months =7.36 + 7.24 N.R.
6 months = 7.56 + 7.67

3 months = 0.52 3 months = 2.19
3-4vs. 5-6

3 months = 0.17 + 0.3
6 months = 0.21 + 0.3

3-4vs.5-6

3, 6 months 3 months = —0.65 3 months = 0.66 + 0.46 3 months = 2.04
6 months = 0.68 + 0.49

Theodoro et al.

+1.95
6 months = 2.38

+0.7
6 months = 0.68

+1.12
6 months = 2.40

+0.26
6 months = 0.34 £ 0.27 3-4vs.5-6

3-4vs. 5-6

(2018)

0.23

0.04

0.02

+7.12

+1.91
3-4vs.5-6

+0.61
3-4vs.5-6

+0.27

+1.14
3-4vs.5-6

+0.16

0.99

0.19

0.16

0.36

+0.23

+0.66

+0.23

+0.39

=0.58

1 month

1 month =272+26

N.R.

N.R.

1 month = 0.70 £ 0.18
3 months = 0.88 + 0.21
6 months = 1.12 + 0.18

N.R.
1-2vs. 3-4

N.R.

1 month = 1.09 + 0.2
3 months = 1.76 £ 0.2
6 months = 1.94 + 0.23

1-2vs. 3-4

Ustun et al. (2018) 1, 3 and

+0.068
3 months = 0.73

3 months = 36.25 + 2.76
6 months = 44.6 +2.4

1-2vs.3-4

6 months

+0.068
6 months = 0.76

9.05

0.18

0.67

+293
3-4vs.5-6

+0.21
3-4vs.5-6

+0.17
3-4vs.5-6

+0.067
1-2vs.3-4

8.35

0.23

0.18

0.15

+2.75

+0.21

+0.20

+0.04
3-4vs.5-6

0.03

+0.04

Abbreviations: N.R, not reported; vs., versus.

perioconioioay SUMIIBSACEES

et al., 2006) reported no details on the type of maintenance they pro-
vided. Supportive periodontal treatment consisted of supragingival
debridement and oral hygiene instructions (17 studies) (Andere
et al,, 2017; Cosyn et al., 2006; Cosyn et al., 2007, 2013; do Vale
et al, 2016; Emingil et al., 2012; Girkan et al., 2005; loannou
et al., 2009; Monzavi et al, 2016; Nogueira-Filho et al., 2010;
Palmer et al., 1998; Pera et al., 2012; Sanz-Sanchez et al., 2015; Ustun
et al., 2018; Zanatta et al., 2006; Zengin Celik et al., 2019) or only oral
hygiene instructions (7 studies) (Machion et al., 2004; Mohammad
et al.,, 2005; Oteo et al., 2010; Pradeep & Kathariya, 2011; Saglam
et al,, 2014; Sakellari et al., 2010; Theodoro et al., 2018).

3.2.6 | Risk of bias quality assessment
Summarized results of the assessment of risk of bias are illustrated in
Table S1a,b.

Overall, 19 studies (AlAhmari et al., 2019; Andere et al., 2017;
Cosyn et al., 2007, 2013; do Vale et al., 2016; Emingil et al., 2012;
Grover et al., 2016; Gurkan et al.,, 2005; loannou et al., 2009;
Mohammad et al.,, 2005; Monzavi et al., 2016; Oteo et al., 2010;
Palmer et al., 1998; Pera et al., 2012; Pradeep & Kathariya, 2011;
Sanz-Sanchez et al., 2015; Taiete et al., 2016; Theodoro et al.,
2018; Ustun et al., 2018) were judged to be at low risk, 1 at high
risk (Saglam et al., 2014) and 9 presented with some concerns of
bias (Chopra et al., 2016; Cosyn et al., 2006; Fonseca et al., 2015;
Jervge-Storm et al.,, 2006; Machion et al., 2004; Nogueira-Filho
et al.,, 2010; Sakellari et al., 2010; Zengin Celik et al., 2019).
Most of the concerns of bias were related to issues with the ran-
domization process, allocation concealment or measurement of the

outcome.

3.3 | Publication bias

Publication bias was identified when comparing changes in PPD from
baseline to 3-4 months with those from 3-4 months to 5-6 months,
both for “all types PPD’ (p < .0005, t = 4.39, 95% CI: 0.39; 1.11) and
for ‘shallow PPD’ (p <.0005, t=12.44, 95% Cl = 1.15; 1.63) and
‘deep PPD’ (p < .0005, t = 13.30, 95% Cl = 2.02; 2.81). No publication
bias was found in all other cases where PPD parameters were analysed.

In the analysis of CAL, there was always publication bias,
except when changes from baseline to 3-4 months were compared
with those from 3-4 months to 5-6 months for all initial PPD
(b =.076,t =1.89, 95% Cl = —0.068; 1.21). The limited numbers
of studies included in specific categories of CAL (shallow and deep
initial PPD for the comparison between baseline to 1-2 months
and 1-2 months to 3-4 months) prevented the evaluation of the
publication bias.

In the analysis of BoP and Gl changes, no publication bias was
found, except for BoP in the change from baseline to 1-2 months
and 1-2months to 3-4months (p=.042, t=237, 95%
Cl = 0.92; 38.98).
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PATERNO HOLTZMAN T AL.

3.3.1 | Pocket closure
None of the 29 included studies reported pocket closure as a primary

or secondary outcome.

3.4 | Quantitative synthesis
3.4.1 | Mean PPD reduction at different time points
for all initial PPD values

Analysis of all treated pockets revealed a weighted mean PPD reduc-
tion of 1.16 mm within the first 1-2 months after treatment (16 stud-
ies, 18 treatment groups), and an additional reduction of 0.25 mm
between 1-2 and 3-4 months (16 studies, 18 treatment groups).
Weighted mean variation between the changes at the two time points
(baseline to 1-2 months and 1-2 to 3-4 months) was 0.90 mm
(SE = 0.13, Cl1 0.64; 1.15) (Figure S1, Table 2a,b).

The mean reduction in PPD within the first 3-4 months was
1.00 mm, and at the 5- to 6-month time point an additional reduction
of 0.35 mm was registered. The delta among the reported changes
had a weighted mean of 0.69 mm (SE = 0.13, Cl 0.45; 0.94).

Heterogeneity was low for the first comparison (> = 2.56% for
comparison between 1-2 months and 3-4 months), but between 3-4
and 5-6 months, heterogeneity reached an I? value of 84.19%.

3.4.2 | Mean PPD reduction for initially shallow
(PPD 4-5 mm) pockets

In the first 1-2 months after instrumentation, a weighted mean PPD
reduction of 1.89 mm was achieved (2 studies, 3 treatment groups). An
additional 0.36 mm of PPD reduction was observed between the first
1-2 months and the 3- to 4-month time point (two studies, three treat-
ment groups). Weighted mean PPD reduction of the variation between
the changes from baseline to 1-2 months and from 1-2 months to 3-
4 months was 1.51 mm (SE 0.27, CI 0.99; 2.03) (Figure S2, Table 2a,b).

When considering the change occurring between baseline and the
first 3-4 months, a mean PPD reduction of 1.46 mm was observed,
with an additional reduction of 0.08 mm by the 5- to 6-month time
point. Weighted mean PPD reduction of the variation between the
changes from baseline to 3-4 months and from 3-4 months to 5-
6 months was 1.35 mm (SE 0.10, Cl 1.16; 1.54) (Figure S2).

Heterogeneity was low (1> = 0) for the comparison between base-
line/1-2 months and 1-2 months/3-4 months, while it was higher
(12 = 35.43) for the comparison between baseline/3-4 months and
3-4/5-6 months.

3.4.3 | Mean PPD reduction for initially deep
(PPD > 6 mm) pockets

For initially deep (PPD = 6 mm) sites, a weighted mean PPD reduction
of 3.4 mm (ClI 0.60; 4.09) was observed (two studies, three groups)

within 1-2 months, with an additional reduction of 0.97 mm at the
3- to 4-month time point (two studies, three treatment groups)
(Figure S3, Table 2a,b).

A weighted mean difference between the changes within the first
2 months and the changes between 1-2 and 3-4 months of 2.39 mm
(SE = 0.71, Cl 1.01; 3.78) was found, with an I = 29.28%.

Between baseline and 3-4 months, a PPD reduction of 2.44 mm
was found, while an additional reduction of 0.23 mm in PPD occurred
at 5-6 months. A weighted mean change between these variations
was found to be 2.13 mm (SE = 0.16, Cl 1.82; 2.45), (Figure S3). The
heterogeneity for this comparison was high (I? = 61.89).

3.44 | Changein mean CAL gain at different time
points for all pockets

Weighted mean CAL gain after 1-2 months post-therapy was 0.94 mm
(15 studies, 17 treatment groups). There was an additional gain of
0.26 mm between the first 2 months and 3-4 months. The weighted
mean change between the variations at baseline/1-2 months and
1-2/3-4 months was 0.66 mm (SE = 0.16, Cl 0.35; 0.96) (Figure S4).
The heterogeneity was low (> = 0) (Table 3a,b).

Between the baseline and the first 3-4 months after treatment, a
mean gain of 0.76 mm was observed. At 5-6 months, an additional mean
gain was observed to be 0.02 mm, extracted from five studies (16 studies,
18 treatment groups). A weighted mean difference among the variations
(baseline/3-4 months and 3-4/5-6 months) was 0.73 mm (SE = 0.17,
Cl 0.41; 1.06), (Figure S4). Heterogeneity was low (I? = 0).

3.4.5 | Changein mean CAL gain at different time
points for initially shallow (PPD 4-5 mm) pockets

Within the first 1-2 months after treatment, the mean gain in attach-
ment was 1.45 mm (2 treatment groups in the same study). After an
additional 1-2 months (at the 3- to 4-month time point), there was a
further gain of 0.23 mm. A weighted change between the aforemen-
tioned variations (baseline/1-2 months and 1-2/3-4 months)
amounted to 1.21 mm (SE = 0.18, Cl 0.85; 1.58) (Figure S5), with a
low heterogeneity (I? = 0) (Table 3a,b).

After 3-4 months from baseline, an average CAL gain of 0.96 mm
was found (13 treatment groups in 10 studies). Between 3-4 and
5-6 months, there was an additional gain of 0.02 mm. A weighted
mean change between these comparisons (baseline/3-4 months and
3-4/5-6 months) amounted to 0.95 mm (SE = 0.12, Cl 0.69; 1.20)
(Figure S5). The heterogeneity was low (I? = 22.40).

3.4.6 | Changein mean CAL gain at different time
points for initially deep (PPD > 6 mm) pockets

Within the first 1-2 months post-treatment, weighted mean CAL gain
was 2.44 mm, based on two groups of the same study. After an addi-
tional 1-2 months (3- to 4-month time point), there was an additional
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TABLE 2 (a, b) Differences at different time points and weighted mean change in probing depth (PPD), expressed in mm.
PPD
A baseline- A1/2- N. N. treatment
2a 1/2 months WME (SE) 3/4 months p Cl 95% I? studies groups
All initial pockets 1.16 0.90 (0.13) 0.25 >.00005 0.64-1.15 2.56 16 18
Shallow initial pockets 1.89 1.51(0.27) 0.36 >.00005 0.99-2.03 0 2 3
Deep initial pockets 34 2.39 (0.71) 0.97 .0007 1.01-3.78 29.28 2 3
A baseline- A 3/4- N. N. treatment
2b 3/4 months WME (SE)  5/6 months p Cl 95% I? studies  groups
All initial pockets 1.00 0.69 (0.13) 0.35 >00005 045-094 84.19 16 19
Shallow initial pockets 1.46 1.35(0.1) 0.08 >00005 1.16-1.54 3544 11 14
Deep initial pockets 244 2.13(0.16) 0.23 >00005 1.82-245 6189 11 14

TABLE 3 (a, b) Differences at different time points and weighted mean change in clinical attachment level (CAL), expressed in mm.
CAL
A baseline- A1/2- N. treatment
3a 1/2 months WME (SE) 3/4 months p Cl 95% I? N. studies groups
All initial pockets 0.94 0.66(0.16) 026 >00005  0.35-0.96 0 15 17
Shallow initial pockets 1.45 1.21(0.18) 0.23 >00005  0.85-1.58 0 1 2
Deep initial pockets 2.44 1.80 (0.94) 0.67 .0567 —0.051 to 3.63 0 1 2
A baseline- A 3/4- N. N. Treatment
3b 3/4 months WME (SE) 5/6 months p Cl 95% I? Studies groups
Al initial pockets 0.76 0.73(0.17) 0.02 >00005 0.41-1.06 0 16 18
Shallow initial pockets 0.96 0.95(0.12) 0.02 >00005 0.69-1.20 2240 10 13
Deep initial pockets 1.76 1.65(0.14) 0.08 >00005 1.39-1.92 5859 10 13

TABLE 4 (a, b) Differences at different time points and weighted mean change in bleeding on probing (BoP), expressed as %.
BoP
A baseline- A1l/2- N. treatment
4a 1/2 months WME (SE) 3/4 months p Cl 95% I? N. studies groups
All initial pockets 34.38 30.70 (4.8) 3.61 >,00005 21.29-40.12 0 10 11
A baseline- A 3/4- N. N. treatment
4b 3/4 months WME (SE) 5/6 months p Cl 95% > studies groups
All initial pockets 32.39 33.14 (7.56) 0.87 >00005 18.32-4795 O 13 16
gain of 0.67 mm on average (two treatment group in the same study). 347 | Mean BoP reduction (%) at different time

The weighted mean change between the variations among these time
points (baseline/1-2 months and 1-2/3-4 months) amounted to
1.80 mm (SE = 0.94, Cl —0.05; 3.63) (Figure Sé). The heterogeneity
was low (2 = 0) (Table 3a,b).

There was mean gain of CAL between baseline and 3-4 months
post-therapy of 1.76 mm. Between 3-4 months and 5-6 months,
there was an additional gain of 0.08 mm on average, (Figure S6).

The weighted mean change between the variations among these
time points (baseline/3-4 months and 3-4/5-6 months) amounted to
1.65mm (SE=0.14, CI 1.39; 1.92).
(> = 58.59%) for this comparison.

Heterogeneity was high

points for all initial PPD values

Within the first 1-2 months after treatment, a mean reduction of BoP
of 34.38% was observed. Between 1-2 months and 3-4 months, an
additional average reduction of 3.61% could be calculated (10 studies
with 11 treatment groups). The weighted mean variation among the
changes in these time points (baseline/1-2 and 1-2/3-4 months) was
30.70% (SE = 4.8, Cl 21.29; 40.12) (Figure S7). The heterogeneity
was low (> = 0) (Table 4a,b).

Between baseline and 3-4 months, there was a mean reduction
of 32.39%, while between 3-4 and 5-6 months, there was an

95UB017 SUOLUIWIOD 3A11e81D) 3|l jdde a) Aq peuenob ae ool VO 35N JO So[n. 1oy Akeid1T8UIIUQ AB]1M UO (SUONIPUOD-PUB-SWIS)ALIY"AB | 1M Afe.d 1 jBul JUo//Sdiy) SUOTPUOD pue swie 1 8y} 88S *[9202/T0/v0] Uo AreiqiTauliuo AB(IM * elfeleueiyooD - Iunuswe D 0ok AQ S86ET9d0[/TTTT 0T/I0p/A0d" A3 1M AleIq1jBuluO//SANY Wo1j papeoiumod ‘T ‘G202 ‘XTS0009T



PATERNO HOLTZMAN T AL.

= Lwiey- [

TABLE 5 (a, b) Differences at different time points and weighted mean change in gingival index (Gl), expressed as absolute value.
Gl
A baseline- A1/2-
5a 1/2 months WME (SE) 3/4 months p Cl 95% I N. studies N. treatment groups
All initial pockets 0.91 0.73 (0.095) 0.16 >.00005 0.55-0.92 85.20 5 5
A baseline- A 3/4- N. N. treatment
5b 3/4 months WME (SE) 5/6 months p Cl 95% I? studies groups
All initial pockets 1.09 1.20(0.18) 0.13 >00005 0.84-156 7548 5 3

increase of 0.87% on average. The weighted mean variation among
the changes in these time points (baseline/3-4 and 3-4/5-6 months)
was 33.14% (SE = 7.56, Cl 18.32; 47.96) (Figure S7). The heterogene-

ity was low (I? = 0).

3.4.8 | Mean reduction in Gl at different time
points for all initial PPD values

In the first 2 months post-therapy, there was an average reduction in
Gl values of 0.91, while after an additional 1-2 months (at the 3- to
4-month time point), there was an additional reduction of 0.16 on
average. The weighted mean average variation among the changes in
these time points (baseline/1-2 and 1-2/3-4 months) was 0.73
(SE = 0.095, CI 0.55; 0.92) (5 studies) (Figure S8, Table 5a,b).

Heterogeneity for this comparison was high, with an I?> = 85.20%.

Within the first 3-4 months post-treatment, an average reduction
in Gl of 1.09 was found, while there was an increase of 0.13 on aver-
age between 3-4 and 5-6 months (three studies).

The weighted mean average variation among the changes in these
time points (baseline/3-4 months and 3-4/5-6 months) was 1.20
(SE = 0.18, Cl 0.84; 1.56), (Figure S8). Heterogeneity for this compari-
son was high (12 = 75.48).

4 | DISCUSSION

The results of the current systematic review highlight that the major-
ity of the total PPD reduction in shallow pockets occurred within the
first 1-2 months, with additional reduction—albeit of smaller entity—
occurring up to 3-4 months post-treatment (more specifically, PPD
further decreases by a weighted average of less than 0.5 mm after
3-4 months). The same trend could be observed for deeper pockets,
where once again the majority of the PPD contraction was observed
within the first 1-2 months, with approximately 1 mm reduction
occurring up to 3-4 months after treatment. Both shallow and deeper
pockets appear to follow a similar trend of PPD reduction, with a
majority of contraction occurring within 1-2 months after treatment
but clinically meaningful changes occurring after 3-4 and 5-6 months
even without re-treatment.

Re-evaluation after Steps 1 and 2 is a critical moment in peri-

odontal therapy, because it represents the opportunity for the

clinician to determine whether the endpoints of periodontal treatment
have been achieved, namely no periodontal pockets >4 mm with
concomitant BoP or residual deep pockets 26 mm. Furthermore,
re-evaluation is the moment in which the clinician decides whether
the patient requires additional therapy (Step Ill) in order to control
his/her periodontal condition.

As stated in the treatment guideline of Stage I-Ill periodontitis,
after the first two steps, an adequate healing period should be allowed
before the re-evaluation is performed. However, this ‘adequate’
period of time has not been quantified (Sanz et al., 2020).

The interpretation of these results suggests that the majority of
PPD reduction after the treatment of Steps | and Il may be observed
after 1-2 months after treatment. However, waiting 3 months or lon-
ger may have a significant impact on a large proportion of sites,
depending on the initial value of PPD. Indeed, the majority of shallow
and many deep pockets would benefit from re-evaluation after at
least 3 months from Steps 1 and 2. This in turn may decrease the
number of sites that are considered in need of additional treatment,
both non-surgical and surgical. The likelihood of a site no longer need-
ing additional treatment depends on a series of factors, one of which
is the baseline PPD. Sites with initially deeper PPD respond less
favourably to non-surgical therapy (D'Aiuto et al., 2005; Tomasi
et al., 2007). Hence, the timing of re-evaluation may also be tailored
on the baseline PPD prior to instrumentation. Shallow pockets and
the majority of deep pockets with PPD 6-8 mm may be re-evaluated
after 3 months or more, but the likelihood of achieving pocket closure
will decrease as baseline PPD increases. In such cases, waiting a
longer time prior to re-evaluation may eliminate the need for additional
treatment based on the current data.

Though data for changes in average PPD values have been
presented, PPD changes stratified by initial PPD at baseline (shallow
vs. deep sites) are much more clinically meaningful.

Various time points to re-evaluate the periodontium after
supra- and subgingival instrumentation have been suggested in the
literature (Segelnick & Weinberg, 2006). Proye et al. (1982) con-
ducted a clinical study in which they reported changes in attach-
ment levels and probing depths within 3 weeks after scaling and
root planing (ScRP). Probing depths were stable after this time
point, though the observation period ended after only 4 weeks.
The authors reported that changes in the first week were due
mainly to recession, while the following variations were due to gain

in attachment levels; however, it was impossible to compare their
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results with those of the present study because average probing
depths were not provided and the authors generically included
‘interproximal pockets greater than 3 mm’.

In a follow-up clinical study on the same population, Proye et al.
(1982) observed that the results in terms of improvement of clinical
parameters, obtained at 4 weeks were stable at 8 and 16 weeks after
periodontal subgingival instrumentation (root planing). The authors
included both shallow (4 mm) and deep (>4 mm) pockets but found no
difference among the groups in terms of healing patterns.

Kaldahl et al. (1988) advocated a longer healing time, noting clini-
cal changes up to 1 year after subgingival instrumentation (root plan-
ing) of sites with initial PPD of 5-6 mm or 27 mm. However, contrary
to the studies included in the present systematic review, these sites
were subgingivally re-instrumented every 3 months and observed
clinical changes were on average of 0.5 mm.

From a histologic point of view, the timing of re-evaluation
should be dictated by precise healing processes of the epithelial and
connective tissue components of the dento-gingival junction (Waer-
haug, 1978). According to Stahl et al. (1972), the junctional epithe-
lium heals within 1-2 weeks. In the connective tissue compartment,
formation of a new collagen matrix and its maturation is more vari-
able, requires a longer time and was reported to last on average sev-
eral months, as reported by Biagini et al. (1988). The authors
performed histological analysis on tissue samples after performing
manual and ultrasonic instrumentation. It would therefore appear
logical to re-evaluate the periodontal condition after these events
have taken place.

In the present study, in shallow pockets, there was a gain in
CAL of 1.45 mm, with a clinically negligible increase (0.02 mm) at
both the 3- to 4-month and 5- to 6-month time points. In deep
pockets, CAL gain of 2.44 mm was found with an additional gain
after 3-4 months (0.67 mm). From a histological standpoint, at
1-2 months, the newly formed collagen fibres are precisely ori-
ented while oedema and inflammatory cells were absent, sug-
gesting resolution of the inflammatory processes and maturation
in the connective tissue compartment were underway (Biagini
et al., 1988; Caton & Zander, 1979). However, complete matura-
tion of connective tissue fibres appears to require much longer
time frames.

In terms of BoP (%), the present article underlined once again that
the most significant reduction was achieved within 1-2 months after
treatment, with only minor changes thereafter (Cercek et al., 1983).
This is understandable because gingival inflammation, hence bleeding,
is expected to decrease as the inflammatory condition of the gingiva
is resolved, PPD decreases and periodontal tissues heal.

Overall, the vast majority of the included studies were judged
to be at a low risk of bias (19 studies out of 29), while nine studies
presented some concerns. This underlines that the majority of
the included studies are qualitatively sound. Only one RCT (Saglam
et al., 2014) was considered as having a high risk of bias, mainly due
to issues with randomization and allocation of participants into study
groups and measurement of the outcome. A large proportion (nine

studies) of studies had some concerns related to the randomization

periodontology. . TANA 1 DA s

process and allocation concealment, but were considered to be at
moderate risk of bias.

In the absence of prospective studies explicitly designed to
address our research question and meeting our stringent inclusion
criteria, we chose to limit our inclusion to RCTs. This decision was
based on the belief that RCTs are generally more methodologically
robust and feature a more rigorous study design compared with
many prospective studies. Consequently, only patients belonging
to groups that received treatment without adjunctive therapies
were considered for inclusion. This criterion was applied regardless
of whether these patients were part of the test or control group. In
fact, it is worth noting that while some studies compared the use
of additional methods to traditional mechanical therapy (such as
manual or ultrasound), other studies involved group comparisons
where no supplementary therapies were employed, but different
approaches were examined (e.g. full-mouth vs. quadrant-wise
treatment). So, in these latter cases, both the test and control
groups were included.

The present systematic review has several limitations. Among
the included studies, there was an inevitable degree of heterogene-
ity (severity of initial periodontal condition, risk factors and oral
hygiene levels of included patients, treatment approaches, type and
frequency of maintenance appointments to mention a few); how-
ever, the main shortcoming is the absence of data in the literature
on the outcome ‘pocket closure’, which is the true endpoint of
subgingival instrumentation (Sanz et al., 2020). Most comparisons
are influenced by publication bias, as specified in Section 3. Fur-
thermore, an obvious discrepancy between studies including
‘chronic’ (N = 25) and ‘aggressive’ (N = 4) forms of disease was
present. Although the current classification system (Tonetti et al.,
2018) does not differentiate between these forms of disease, they
may be reflected in the case phenotype, which may in turn influ-
ence rate of disease progression, response to treatment and hence
healing after Steps 1-2 therapy.

Additionally, our data only present information regarding
pocket depth; however, the decision whether to perform periodon-
tal surgery is not based on this parameter alone. Other complexity
factors such as tooth type, presence of intra-bony defects, anatom-
ical factors (i.e. root concavities), and degree of furcation involve-
ment among others combined with patient factors come into play
when deciding whether additional treatment should be performed
in a given site.

The aforementioned shortcomings suggest that there is a need
for prospective studies comparing sequential timings of periodontal
re-evaluation and reporting closed pockets (%) at significant time

points (1, 3 and 6 months).

5 | CONCLUSION

Within the limitations of the present review, a comprehensive
search and analysis of the available literature based on RCTs inves-

tigating the change in clinical parameters after subgingival
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instrumentation for the treatment of periodontitis in systemically
healthy patients demonstrated that the majority of PPD reduction
for all, shallow (4-5 mm) or deep (26 mm) pockets occurs within 1-
2 months. However, there is an additional clinically significant
decrease in PPD in both shallow and deep up to 3-4 months after
therapy, which can decrease the number of sites that are consid-
ered in need of additional treatment.

Therefore according to the results of this systematic review and
meta-analysis, waiting 3-4 months or longer prior to re-evaluation
might be ideal after subgingival instrumentation for the treatment of
periodontitis. However, these conclusions must be confirmed or
refuted through appropriately designed and conducted clinical
studies.
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