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Abstract

Aim: To assess the beneficial and adverse effects on the dental and periodontal
issues of periodontal-orthodontic treatment of teeth with pathological tooth flaring,
drifting, and elongation in patients with severe periodontitis.

Materials and methods: Nine databases were searched in April 2020 for random-
ized/non-randomized clinical studies. After duplicate study selection, data extraction,
and risk-of-bias assessment, random-effect meta-analyses of mean differences (MDs)
and their 95% confidence intervals (Cls) were performed, followed by subgroup/
meta-regression analyses.

Results: A total of 30 randomized and non-randomized clinical studies including
914 patients (29.7% male; mean age 43.4 years) were identified. Orthodontic treat-
ment of pathologically migrated teeth was associated with clinical attachment
gain (—0.24 mm; seven studies), pocket probing depth reduction (—0.23 mm; seven
studies), marginal bone gain (—0.36 mm; seven studies), and papilla height gain
(—1.42 mm; two studies) without considerable adverse effects, while patient sex, gin-
gival phenotype, baseline disease severity, interval between periodontal and ortho-
dontic treatment, and orthodontic treatment duration affected the results. Greater
marginal bone level gains were seen by additional circumferential fiberotomy (two
studies; MD = -0.98 mm; 95% Cl = -1.87 to —0.10 mm; p = .03), but the quality of
evidence was low.

Conclusions: Limited evidence of poor quality indicates that orthodontic treatment
might be associated with small improvements of periodontal parameters, which do

not seem to affect prognosis, but more research is needed.
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Clinical Relevance

periodontitis.

1 | INTRODUCTION

1.1 | Background

Severe periodontitis is the sixth most prevalent disease in the world
(Kassebaum et al., 2014), with more than 700 million people across
the world affected by it. Among the corollaries of severe periodontal
disease, pathologic tooth migration holds a prominent place, as it is
often seen to impair both function and aesthetics (Martinez-Canut
et al., 1997; Brunsvold, 2005) as well as to negatively influence the
long-term prognosis of teeth (Kwok & Caton, 2007). As per the cur-
rent definition of periodontitis, a number of complexity factors—
including bite collapse, drifting, and flaring—are accepted as having
serious impact on the prognosis of the dentition and at the disease
management level as well (Papapanou et al., 2018). In the past, it had
been postulated that, as a result of pathological tooth migration, both
occlusal trauma and periodontitis are aggravated, resulting eventually
in greater loss of attachment, extrusion, and mobility of the displaced
teeth (Serio & Hawley, 1999). There exists, indeed, evidence of a link
between traumatic occlusal forces and attachment loss but not with
non/carious cervical lesions and gingival recession (Jepsen
et al, 2018). It is therefore reasonable that patients suffering from
pathological tooth migration are often recommended by their dentist
to seek orthodontic therapy (Brunsvold, 2005).

As more adults seek orthodontic treatment, orthodontists are
seeing more patients with periodontal problems (McKiernan
et al.,, 1992). Orthodontic treatment of periodontally healthy adoles-
cent and adult patients has been linked to a mostly transient inflam-
matory process of the periodontium (Bollen et al, 2008; Freitas
et al., 2014; Papageorgiou, Xavier, et al., 2018) and a minimal insult to
the periodontal tissues (Bollen et al., 2008; Papageorgiou, Papadelli, &
Eliades, 2018). At the same time, research indicates that a periodon-
tally reduced but healthy periodontium can tolerate well orthodontic
tooth movement with no additional treatment-induced attachment
loss (Ericsson et al., 1977; Wennstrom et al., 1987). This has also been
confirmed immunologically, as orthodontic movement of periodontally
compromised, inflammation-free teeth was not followed by increase

in parameters of tissue destruction such as matrix metalloproteinases

Scientific rationale for study: This systematic review aimed to analyse the effect of periodontal-

orthodontic treatment on the periodontal status of pathologically migrated teeth after severe

Principal findings: The included studies reported very small improvements in clinical attachment
level, pocket probing depth, marginal bone level, and papilla height after treatment, with no con-
siderable adverse effects in the short or long term. The effect of periodontal-orthodontic treat-
ment of pathologically migrated teeth on periodontal parameters was associated with the
baseline characteristics of patients and treatment duration.

Practical implications: Periodontal-orthodontic treatment for pathologically migrated teeth seems
to have minimal positive effects on periodontal parameters and negligible adverse effects, but
only limited evidence from small studies currently exists.

(Almeida et al, 2015). Orthodontic correction of pathological
malpositioned teeth can relieve occlusal trauma, stabilize the denti-
tion, and improve the periodontal status (Diedrich, 1996; Weston
et al., 2008; Gkantidis et al., 2010). However, the influence of intru-
sion of periodontally extruded teeth on periodontal tissues remains
controversial (Boyd et al., 1989; Serio & Hawley, 1999; Weston
et al., 2008). Recent studies have suggested that light intrusive forces
can be used to correct pathological extrusion and migration (Garat
et al, 2005; Ogihara & Wang, 2010). But many other issues might
complicate the orthodontic treatment of a periodontal patient with
pathologic tooth migration: for example, periodic periodontal mainte-
nance, strength and direction of orthodontic force, and surveillance of
periodontal status (Diedrich, 1996; Gkantidis et al., 2010). Therefore,
it remains unclear whether orthodontic treatment can be safely per-
formed on pathologically migrated teeth and what the short- and
long-term implications on the prognosis of the dentition are.

1.2 | Objective

The aim of this systematic review was to critically assess the evidence
derived from randomized and non-randomized clinical studies on
human patients with severe (stage IV) periodontitis undergoing ortho-
dontic treatment to correct pathologically migrated teeth in terms of

periodontal beneficial effects and adverse effects.

2 | MATERIALS AND METHODS

21 | Protocol development and focused question

This review's protocol was made a priori and registered in
PROSPERO (CRD42019131589) with all post hoc changes trans-
parently reported (Appendix 1). The conduct and reporting of this
review is guided by the Cochrane Handbook (Higgins et al., 2020)
and the PRISMA statement (Page et al., 2021), respectively. The
focused question this review tried to answer is as follows: “What is
treatment  of

the influence of periodontal-orthodontic



PAPAGEORGIOU ET AL

pathologically migrated teeth in patients with severe periodontitis

on the periodontal status?”

2.2 | Eligibility criteria

Based on the Participants-Intervention-Comparison-Outcome-
Study design schema, and as few randomized clinical trials (RCTs) exist
on this matter, we included RCTs and non-randomized clinical studies
(S), on human patients of any age, sex, and ethnicity with severe (stage
IV) periodontal disease burdened with additional complexity factors
such as pathologically migrated teeth, posterior bite collapse, second-
ary occlusal trauma, drifting, and flaring (P), receiving comprehensive
periodontal-orthodontic treatment (l), compared to no treatment or
other treatment regimens (C), without any limitations on language,
publication year, or status. The inclusion of non-randomized studies
was judged imperative due to the lack of randomized trials in order to
identify the range of possible outcomes for severe (stage IV) peri-
odontitis patients receiving periodontal-orthodontic treatment and as
a means to identify patient- or treatment-related factors. Excluded
were non-clinical studies, animal studies, case reports/series (defined
as studies with less than 10 patients), and studies where periodontal
disease was left untreated. The primary outcome (O) for this review
was the clinical attachment level (CAL) gain during treatment. Secondary
outcomes pertaining to both efficacy and safety included changes in
tooth loss, change in pocket probing depth (PPD), marginal bone level
(MBL), gingival profile (such as gingival recession and papilla conditions),
tooth mobility, treatment outcomes (including stability), root resorption,

and patient-reported outcome measures (PROM).

2.3 | Information sources and search

Eight electronic databases were searched without restrictions from
inception to 15 April 2020 (Appendix 2), while open-access databases
specifically covering grey literature (Directory of Open Access
Journals, Digital Dissertations, metaRegister of Controlled Trials,
WHO, Google Scholar), and the reference/citation lists of included

articles or existing systematic reviews were manually searched.

24 |
of bias

Study selection, data collection, and risk

Two authors (Spyridon N. Papageorgiou and Georgios N. Antonoglou)
screened the titles and/or abstracts of search hits to exclude obvi-
ously inappropriate studies, prior to checking their full texts. Any dif-
ferences between the two reviewers were resolved by discussion
with another author (Theodore Eliades).

Data from included studies were collected independently by two
authors (Spyridon N. Papageorgiou and Georgios N. Antonoglou) with
the same way to resolve discrepancies using pre-defined/piloted forms

covering (i) study characteristics (design, clinical setting, and country),

rerioconioioay SUMIIBSACE

(ii) patient characteristics (age, sex, and smoking), (iii) baseline disease
characteristics (periodontal disease and pathologic tooth migration),
(iv) treatment details (tissue regeneration, time between periodontal-
orthodontic phases, any adjuncts used, and retention measures), and
(v) outcome details (type of outcome and time of measurement).

The risk of bias (ROB) of randomized trials or non-randomized com-
parative (multi-group) clinical studies was assessed according to
Cochrane guidelines with the RoB 2.0 (Sterne et al., 2019) and the
ROBINS-I (Risk Of Bias In Non-randomised Studies of Interventions) tool
(Sterne et al., 2016), respectively. The internal validity (with extension to
the ROB) of single-group cohort studies was assessed with a custom tool
based on the ROBINS-I tool and the Joanna Briggs Institute checklist for
cohort studies (http://joannabriggs-webdev.org/research/critical-
appraisal-tools.html). All studies were appraised independently by two
authors (Spyridon N. Papageorgiou, Georgios N. Antonoglou), with any

differences being resolved by a third author (Theodore Eliades).

2.5 | Data analysis

An effort was made to extract or calculate missing data whenever
possible (Appendix 1). As the outcome of periodontal-orthodontic
treatment is bound to be affected by patient- and treatment-related
characteristics, a random-effects model was a priori deemed appropri-
ate to calculate the average distribution of true effects, based on clini-
cal and statistical reasoning (Papageorgiou, 2014a), and a restricted
maximum likelihood (REML) variance estimator with improved perfor-
mance was used according to recent guidance (Langan et al., 2019).

The primary analysis was based on direct meta-analyses from
randomized trials and non-randomized comparative (multi-group)
cohort studies using mean differences (MDs) for continuous outcomes
or relative risks for binary outcomes and their corresponding 95%
confidence intervals (Cls). For the secondary analysis, indirect meta-
analyses were performed with data from randomized trials and non-
randomized multi-group cohort studies (using only arms pertaining to
combined periodontal-orthodontic treatment), as well as non-
randomized single-group cohort studies to calculate the average
pooled effect of treatment on the various outcomes.

The extent and impact of between-study heterogeneity was
assessed by inspecting the forest plots and by calculating the 72 (abso-
lute heterogeneity) or the I? statistics (relative heterogeneity).
I? defines the proportion of total variability in the result explained by
heterogeneity, and not chance, while the heterogeneity's direction
(localization on the forest plot) and uncertainty around heterogeneity
estimates (Higgins et al., 2003) was also considered. The 95% ran-
dom-effects predictive intervals were initially planned to incorporate

observed heterogeneity, but could not be calculated (Appendix 1).

2.6 | Additional analyses and ROB across studies

Possible sources of heterogeneity were a priori planned to be

sought through several random-effects subgroup analyses and
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random-effects meta-regression (both with the REML estimator) in
meta-analyses of at least five trials, but could ultimately be per-
formed only partly because of incomplete data/reporting (Appendix
1) for patient age, sex, smoking, baseline disease severity, use of
tissue regeneration, interval between periodontal-orthodontic
treatment, duration of orthodontic treatment, and duration of post-
treatment follow-up. Reporting biases (including the possibility of
publication bias) were assessed with contour-enhanced funnel
plots and Egger's test for meta-analyses with 27 studies.

The overall quality of meta-evidence (i.e., the strength of clinical rec-
ommendations) from the direct analysis was rated using the Grades of
Recommendations, Assessment, Development and Evaluation (GRADE)
approach (Guyatt et al., 2011) following recent guidance on combining
randomized with non-randomized studies (Schiinemann et al., 2019) and
the summary-of-findings table format by Carrasco-Labra et al. (2016). The
produced forest plots were augmented with contours denoting the mag-
nitude of the observed effects (Appendix 1) to assess heterogeneity,
clinical relevance, and imprecision (Papageorgiou, 2014b).

Robustness of the results was checked for meta-analyses of
>5 studies with sensitivity analyses based on the inclusion of
() comparative (multi-group) versus single-group cohort studies,
(i) prospective versus retrospective studies, and (iii) studies with ade-
quate versus inadequate samples, with the cut-off set at 20 patients/
study. All analyses were run in Stata version 14.0 (StataCorp LP,
College Station, TX) by one author (Spyridon N. Papageorgiou) and
the dataset was openly provided (Papageorgiou, Antonoglou,
et al., 2020). All p-values were two-sided with a = 5%, except for the
test of between-studies or between-subgroups heterogeneity, where

the a-value was set as 10% (loannidis, 2008).

3 | RESULTS

3.1 | Study selection

A total of 2586 hits were retrieved by the literature database search,
and another seven records were identified manually (Figure 1). After
removing duplicates and eliminating non-relevant reports by title/
abstracts, 325 full-text papers were checked against the eligibility
criteria (Appendix 3). In the end, 33 publications pertaining to
30 unique studies were included in this review.

3.2 | Characteristics of included studies

These included 30 studies were of various designs (Tables 1 and 2):
6 (20%) were RCTs (2 of parallel design and 4 of within-person
design), 6 (20%) were non-randomized comparative (multi-group)
cohort studies (1 prospective, 2 retrospective, and 3 with unclear
design), and 18 (60%) were non-randomized single-group cohort
studies (5 prospective, 7 retrospective, and 6 with unclear design).
Regarding the studies' setting, 17 (57%) were conducted in university
clinics, 8 (27%) in private practices/clinics, 1 (3%) in a hospital, while

4 (13%) did not specify the setting. The included studies were con-
ducted in 14 different countries (Brazil, China, Egypt, France, Hong
Kong, Italy, South Korea, Lithuania, Norway, Poland, Sweden, and Thai-
land) and published as journal papers in English in 25 (83%) cases
(2 being bilingual in English and Bosnian/French), 4 in Chinese, and
1in Polish.

The eligible studies included a total of 914 patients, to a median
sample size of 21 patients/study (range 10-257 patients/study).
Among the 25 studies reporting the patients' gender, 29.7% were
male (237 of the total 799), while from the 22 studies reporting mean
age, the average across studies was 43.4 years (range of average age
22.9-56.7 years). Only 13 of studies reported on the smoking status
of included patients, 9 (69%) included only non-smokers and the
remaining 4 had 4%-58% smokers.

All included studies reported on patients with severe periodontal
disease burdened with a series of complexity factors such as bite col-
lapse, drifting, or flaring, which led to the need for combined
periodontal-orthodontic treatment (at at least one arm per study)
with/without tissue regeneration and adjunct procedures. Studies
reported data (i) prior to the periodontal treatment, (ii) prior to the
orthodontic treatment, (iii) during orthodontic treatment, (iv) after
completion of the orthodontic treatment, and (v) after an additional
follow-up period. The interval between periodontal and orthodontic
treatment varied greatly ranging from no interval (directly after peri-
odontal treatment) to 1 year. The mean duration of orthodontic

2586 records identified electronically 7 records identified manually

- [ 950 duplicates were removed

1643 records were screened

> | 1318 were excluded by title/abstract

A\ 4

325 full texts were checked for eligibility against the criteria

292  full texts were not eligible
12 Missing full texts
15 Not a clinical study
11 Systematic reviews
45 Animal studies
e 191 8ase'reporls / series
ngoing studies
No periodontal disease
No orthodontic treatment
Treatment for bone defect
No eligible outcomes
No data

A0l AN W

33 papers / 30 unique studies included

FIGURE 1 PRISMA flowchart for the identification and selection
of eligible studies [Colour figure can be viewed at
wileyonlinelibrary.com]
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TABLE 3 Risk of bias of included randomized trials with the RoB 2.0 tool
Attia et al. Liu et al. Puttaravuttiporn Ren Shi et al. Zasciurinskiene
Domain Item (2019) (2008) (2018) (2019) (2003) (2019)
Domain 1. 1.1 PY PY Y Y PY Y
Randomization 1.2 Y PN PY Y PN NI
process
1.3 Y N PY N NI PN
1.0 Assessor's Some High Some Low High Some concerns
judgement concerns concerns
Domain 2. Deviations 2.1 PN Y PN N PY Y
from intended 22 v PY N pY
interventions
2.3 PN PN PN NA NI PY
2.4 NA NA NA NA NA PN
2.5 NA NA NA NA NA PN
2.6 PY PY PY Y PY PY
2.7 NA NA NA NA NA NA
2.0 Assessor's Low Low Low Low Some Some concerns
judgement concerns
Domain 3. Missing 3.1 Y PY PY PN NI PN
outcome data 32 NA NA NA PN PN PN
3.3 NA NA NA PN NI PN
34 NA NA NA NA NI NA
3.0 Assessor's Low Low Low Low High Low
judgement
Domain 4. 4.1 N N N N PN N
Measurement of the 4.2 PN PN PN PN PN PN
outcome
4.3 PY PY N N PY PN
4.4 PY PY NA NA PY NA
4.5 NI PY NA NA PY NA
4.0 Assessor's High High Low Low High Low
judgement
Domain 5. Selection of 5.1 NI NI NI Y NI NI
the reported result 5.2 PY N PY PN PN PY
5.3 N N N PN PY N
5.0 Assessor's High Some High Low High High
judgement concerns
Overall judgement High High High Low High High

Abbreviations: N, no; NA, not applicable; NI, no information; PN, probably not; PY, probably yes; Y, yes.

Appendix 8; Table 6) or the secondary analysis (indirect pooling across
both multi- and single-group studies; Table 7).

3.5 | Synthesis of the results—Primary
(direct) analysis

3.5.1 | Treatment efficacy

A combined periodontal-orthodontic treatment was compared with
only periodontal treatment in three studies with different protocols

and observation periods. One of these (Attia et al., 2012) found that
combined treatment showed a better response mid-treatment in

terms of percentage gain in CAL (13.3%), PPD (12.2%), and mineral
density (11.8%) compared to periodontal monotreatment. However,
this was a very small (n = 15) non-randomized trial with high ROB and
limited follow-up. The other two non-randomized studies (Eliasson
et al, 1982; Boyer et al., 2011) found no difference in percentage
MBL reduction. A larger (n = 50) randomized trial (Zasciurinskiene
et al., 2018) compared experimental orthodontic treatment after only
subgingival debridement with continuation of periodontal treatment
after the orthodontic treatment to orthodontic treatment after final-
ized periodontal phase and found no statistically significant differ-
ences in CAL, PPD, MBL, and recessions. Orthodontic treatment with
conventional braces was found in one small (n = 10) retrospective
study (Han, 2015) to be more efficient in reducing PPD than
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TABLE 4 Risk of bias of included non-randomized multi-group comparative cohort studies with the ROBINS-I tool

Attia et al. Boyer et al. El-Attar Han Roccuzzo Zhang et al.
Domain Reference (2012) (2011) (2019) (2015) et al. (2018) (2017)
1. Confounding 11 PY PY PY PY PY PY
1.2 PN PN PN PN PN PN
1.3 N N N N N N
14 PN PN PY PN PN PN
1.5 NA NA Y NA NA NA
1.6 N N N N N N
1.7 N N PY N N N
1.8 NA NA PY NA NA NA
Judgement Serious Serious Moderate Serious Serious Serious
2. Selection of 21 NI NI PY NI NI NI
participants into the 22 NA NA v NA NA NA
study
2.3 NA NA Y NA NA NA
24 NI NI Y PY NI NI
25 NA NA NA NA NA NA
Judgement NI NI Critical NI NI NI
3. Classification of 31 Y Y Y
interventions 32 v v v
3.3 N N N
Judgement Low Low Low Low Low Low
4. Deviations from 4.1 NI NI NI NI NI NI
Mz &) 42 NA NA NA NA NA NA
interventions
4.3 NI NI NI NI Y NI
44 PY NI PY PY Y NI
4.5 NI NI NI NI PY NI
4.6 NA NA NA NA NA NA
Judgement NI NI NI NI Low NI
5. Missing data 51 PY PY PY PY PY PY
52 PN PN PN PN PN PN
53 NI NI NI NI NI NI
54 NA NA NA NA NA NA
5.5 NA NA NA NA NA NA
Judgement NI NI NI NI NI NI
6. Measurement of 6.1 PY PY PY PY PY PY
CUITECIES 6.2 PY PY PN PN PY PY
6.3 PY PY PY PY PY PY
6.4 PN PN PN PN PN PN
Judgement Moderate Moderate Low Low Moderate Moderate
7. Selection of the 7.1 PN PN PN PN PN PN
reported result 7.2 PN PN PN PN PN PN
7.3 PN PN PN PN PN PN
Judgement Low Low Low Low Low Low
Overall Judgement Serious Serious Critical Serious Serious Serious

Abbreviations: N, no; NA, not applicable; NI, no information; PN, probably not; PY, probably yes; Y, yes.
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TABLE 6

Outcome [observation
period] studies (patients)

PPD [Pre-
PTx — Post-OTx]
1 study® (20 patients)

MBL (% root-length)
[Pre-PTx — Post-OTx]
1 study® (20 patients)

CAL [Pre-
PTx — Post-OTx]
1 study? (50 patients)

Siters with PPD
reduction [Pre-
PTx — Post-OTx]

1 study? (50 patients)

MBL [Pre-PTx —
Post-OTx]
1 study® (50 patients)

Sites with recession
[Pre-PTx — Post-OTx]
1 study® (50 patients)

CAL [Pre-PTx —
Post-OTx]
1 study' (52 patients)

PPD [Pre-PTx —
Post-OTx]
1 study' (52 patients)

MBL [Pre-PTx —
Post-OTx]
2 studies (84 patients)

PAPAGEORGIOU ET AL.

Summary of findings table according to the GRADE approach

Anticipated absolute effects (95% Cl)

Control
group?

PTx

—0.9 mm

+0.2%

PTx-OTx

—0.4 mm

36.4%

—0.1 mm

20.2%

PTx-OTx

—0.2 mm

—0.3 mm

—0.4 mm

Experimental
group

PTx-OTx

Pre(PTx)"
OTx

PTx-OTx +
fiberotomy

Difference in
experimental group

Same amount (0.4 mm less
to 0.4 mm more)

0.6% less (2.8% less to
1.6% more)

0.1 mm greater improvement
(0.2 mm less to 0.3 mm
more)

11.4% less sites (30.1% less
to 7.3% more)

0.1 mm less MBL improvement
(0.4 mm less to 0.2 mm more)

9.3% less sites (27.0% less
to 8.4% more)

0.6 mm greater decrease
(0.2 to 1.1 mm greater)

Same amount (0.5 mm less
to 0.4 mm more)

1.0 greater MBL improvement
(0.1 to 1.9 mm greater)

Quality of the
evidence (GRADE)®

® O O O very low®®

due to bias,
imprecision

& OO Q very low®e

due to bias,
imprecision

® ® ® O moderate”
due to bias

® ® ® O moderate”
due to bias

X IO) moderate”
due to bias

® ® ® O moderate”
due to bias

® ® ® O moderate”
due to bias

® ® ® O moderate”
due to bias

1 1OJ@) lowX due to
bias

What happens
with experimental
treatment

Little to no difference
in PPD change

Little to no difference
in MBL change

Little to no difference
in CAL change

Little to no difference
in PPD change

Little to no difference
in MBL change

Little to no difference
in recession
development

Might lead to greater

CAL decrease

Little to no difference
in PPD change

Might lead to greater
MBL improvement

Note: Intervention: periodontal/orthodontic treatment combined orthodontic with different timing or adjunct use of circumferential fiberotomy; Population:
patients with severe periodontal disease and pathologic tooth migration; Setting: university clinics and private practice (China, Lithuania, Sweden).
Abbreviations: CAL, clinical attachment level; Cl, confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation;
MBL, marginal bone level; OTx, orthodontic treatment; PPD, pocket probing depth; PTx, periodontal treatment.
@Response in the control group is based on the response of included studies (or random-effects meta-analysis of the control response).

bStarts from “high.

“Contributing studies: Eliasson (2012).
9Downgraded by two levels for bias due to the inclusion of non-randomized studies with critical/serious risk of bias.
¢Downgraded by one level for imprecision due to the inclusion of an inadequate sample.
The experimental group received only subgingival debridement, while the control group also received final periodontal treatment before the start of

orthodontic treatment.

8Contributing studies: Zasciurinskiene et al. (2018).

hDowngraded by one levels for bias due to high risk of bias for the included randomized study.

iContributing studies: Liu et al. (2008).
iContributing studies: Shi et al. (2003).

“Downgraded by two levels for bias due to high risk of bias for both included randomized studies.

treatment with thermoplastic aligners (difference of —1.6 mm), but
this should again be seen with caution, due to the study's high ROB.
Adjunct use of laser during orthodontic treatment was found to be

associated with a better response mid-treatment in terms of percent-
age gain in CAL (20.9%), PPD (11.8%), and mineral density (16.2%)
compared to no laser, but the contributing small (n = 15) study (Attia
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Indirect meta-analyses on the average pooled effect of orthodontic-periodontal treatment from single-group cohort studies and
multi-group randomized or non-randomized clinical trials

Modifying factors
Outcome Period n® Pooled average p-Value 1% (95% Cl) (Appendix 15)
CAL Pre-PTx 5 -3.95(-5.79, —2.11) <.001 98% (95%, 100%) OTx duration
—Post-OTx
Pre-OTx 7 —0.24 (-0.38, —0.10) <.001 79% (33%, 96%) -
—Post-OTx
Post-OTx 3 0.05 (-0.20, 0.29) .70 77% (17%, 99%) -
—FU (4-12 months)
PPD Pre-PTx 8> —-2.97 (-3.93, —2.01) <.001 99% (99%, 100%) Baseline PPD
—Post-OTx Interval between
PTx-OTx
OTx duration
Pre-OTx 7 —0.23 (-0.49, 0.04) .09 95% (85%, 99%) % of male patients
—Post-OTx
Post-OTx 5 0.09 (—0.04, 0.22) .18 76% (24%, 96%) FU duration
—FU (4-144 months)
Sites with PPD5-6 Pre-PTx 2 -0.92 (-1.76, —0.07) .03 0% (0%, 100%) -
—Post-OTx
Pre-OTx 2 -1.25(-8.07, 5.57) 72 87% (9%, 100%) -
—Post-OTx
MBL Pre-PTx 2 1.03 (—11.86, 13.93) .50 100% (NC) -
—Post-OTx
Pre-OTx 7 —0.36 (-0.59, —0.13) .002 88% (68%, 97%) -
—Post-OTx
Papilla height Pre-OTx 2 —1.42(-1.98, —0.86) <.001 94% (NC) -
—Post-OTx
Recession Pre-PTx 3 —0.53(-2.07,1.01) .50 98% (91%, 100%) Gingiva phenotype
—Post-OTx (through
crown width/length
ratio)
Pre-OTx 2 0.09 (—0.01, 0.20) .09 0% (0%, 100%) —
—Post-OTx
Post-OTx 2 0.01 (-0.08, 0.10) .81 0% (0%, 99%) -
—FU (4-12 months)
Root length Pre-PTx 2 —0.51 (-0.79, —0.23) <.001 65% (0%, 100%) -
—Post-OTx
Pre-OTx 2 —0.49 (—1.04, 0.06) .08 71% (0%, 100%) -
—Post-OTx

Abbreviations: CAL, clinical attachment level; Cl, confidence interval; FU, follow up; MBL, marginal bone level; OTx, orthodontic treatment; PPD, pocket
probing depth; PTx, periodontal treatment.
#Multiple trial arms (different periodontal treatments or follow-ups) were pooled together for the main analysis. They are analysed separately for
treatment-related modifying factors.
One small study was omitted, as it was the only out of the original nine that showed a great increase instead of a decrease through treatment.

et al, 2019) was likewise in high ROB. Simultaneous guided tissue
regeneration as part of the combined periodontal-orthodontic treat-
ment did not seem to be associated with considerable benefits, apart
from a small increase in bone mineral density (El-Attar et al., 2019).
Finally, meta-analysis of two small randomized trials from China
(Shi et al., 2003; Liu et al., 2008) (n = 16 and n = 21, respectively)
indicated that adjunct circumferential fiberotomy during orthodontic
treatment was associated with improved levels of marginal bone
(MD = —0.98 mm; 95% Cl = -1.87 to —0.10 mm; p = .03) with con-
siderable heterogeneity (2 [95% CI] = 0.32 [0 to 53.08]/I% [95%

Cl] = 77% [0%-100%]), which does not enable accurate quantification
of the actual benefit. However, these two trials were in high ROB and
were non-transparently reported, and therefore, these results should

be seen with caution.

3.5.2 | Adverse effects and PROMs

As far as adverse effects and PROMs are concerned, no significant

effect was seen on tooth loss, root resorption, tooth mobility, pain
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during orthodontic treatment, and recession development according
to the adjunct use of fiberotomy, guided tissue regeneration, laser,
bite wafer, or the timing of orthodontic treatment relative to the com-

pletion of periodontal treatment (Appendix 8).

3.5.3 | Quality of evidence and additional analyses
The GRADE summary-of-findings table for selected outcomes from
the direct analysis is given in Table 6. The quality of evidence regard-
ing (a) a combined periodontal-orthodontic versus periodontal treat-
ment alone and (b) the timing of orthodontic treatment ranged from
moderate to very low, due to bias and imprecision from limited sample
sizes. Likewise, the potential benefits of fiberotomy were supported
by evidence of moderate to low quality due to the high ROB of
included trials. Therefore, our confidence in current estimates is low,
and future research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change estimates.
No subgroup/meta-regression analyses, reporting bias assess-
ments, and sensitivity analyses could be performed due to the small

number of existing studies.

3.6 | Synthesis of the results—Secondary (indirect)
analysis
3.6.1 | Treatment efficacy and related factors

The average observed changes in CAL, PPD, and papilla height, pooled
via meta-analyses across all studies, can be seen in Table 7 and
Appendices 9-14, while possible related factors are shown in Appen-
dix 15.

Clinical attachment level was reduced on average with a CAL gain
of 3.95 mm (MD = -3.95 mm; 95% Cl = -5.79 to —2.11 mm; Appen-
dix 9) during combined periodontal-orthodontic treatment, while a
CAL gain of 0.24 mm (MD = -0.24 mm; 95 Cl = -0.38 to —0.10 mm;
Appendix 10) was seen during orthodontic treatment alone. Similar to
PPD, CAL gain was associated with the duration of orthodontic treat-
ment, with CAL gains being 0.39 mm smaller (coefficient = 0.39 mm;
95% Cl = -0.09 to 0.86 mm; p = .08) for each additional month (see
meta-regression in Appendix 15).

PPD was reduced on average by —2.97 mm (95% Cl = -3.93 to
—2.01 mm; Appendix 11) during combined periodontal-orthodontic
treatment, while a reduction of —0.23 mm (95 Cl = —0.49 to 0.04;
Appendix 10) was seen during orthodontic treatment alone. Reduc-
tion in PPD seen during combined treatment seemed to be associated
with patient sex (as percentage of male patients in the sample), with
additional —0.18 mm reduction in PPD (95% Cl = —0.37 to —0.01;
p = .06) for each extra 10% of the sample being male. Additionally, an
association was seen between baseline PPD severity and treatment-
related reduction in PPD (coefficient = —0.82 mm; 95% Cl = —1.16
to —0.48 mm; p = .001). Finally, greater PPD reductions were seen

for smaller intervals between periodontal and orthodontic treatment

after a minimum healing period (with PPD reduction being 0.13 mm
smaller [95% CI = 0.05-0.20 mm; p = .006] for each additional inter-
val week) and durations of orthodontic treatment (with PPD
reductions being 0.25 mm smaller [95% ClI = 0.04-0.45 mm;
p = 0.03] for each additional duration month). Follow-up after ortho-
dontic treatment was associated with PPD increases of about
0.14 mm for every additional five follow-up years (95% Cl = 0.01-
0.28 mm; p = .04).

Finally, a small improvement in MBL of around 0.36 mm (95%
Cl = 0.13-0.59 mm; Appendix 14) and a modest improvement in
papilla height of about 1.42 mm (95% Cl = 0.86-1.98 mm) were seen
after periodontal-orthodontic treatment, though without any modify-
ing factors.

3.6.2 | Adverse effects and related factors
Orthodontic treatment of pathologically migrated teeth was associated with
a small amount of root resorption of about 0.51 mm (95% Cl = 0.23-0.79),
which is clinically irrelevant, but was overall not necessarily associated with
gingival recessions. However, one study (Re et al., 2004) judging periodontal
phenotype by the crown width/crown length ratio found that improvement
of gingival recessions was dependent on gingival phenotype, with wide-
thick periodontal phenotype (crown width/length < 0.66) being associated
with greater improvement by 0.47 mm (95% Cl = 0-0.95 mm; p = .05).
Additionally, several single studies separately reported on adverse
effects after orthodontic treatment. Ten to twelve years after ortho-
dontic treatment, half of the patients had lost at least one tooth in the
study of Roccuzzo et al. (2018), but a non-significant reduction in
the number of teeth after orthodontic treatment was seen by Aimetti
et al. (2020). The latter study also reported an 8% (n = 3) rate for
adverse events at 10 years of follow-up, which pertained to pulp
necrosis (n = 2) and root fracture (n = 1). Pulp necrosis was likewise
reported after 13.5 months of follow-up for 25% (6 out of 24) of the
included patients by Artun and Urbye (1988). Finally, 2 years after
combined periodontal-orthodontic treatment by Zhang et al. (2017),
15% of the patients (9 of 59) showed a relapse (i.e., did not maintain
good periodontal health and good occlusion without migration), while
33% (19 of 58) of periodontally treated patients without initial tooth
migration had relapsed into tooth inflammation, tooth migration, and

changes in occlusal relationship.

3.6.3 | Reporting biases and sensitivity analyses

We expect the current review to be less prone to publication bias
because of the wide unrestricted search of multiple databases without
limitations to published papers and the extensive manual search of
grey literature sources (like Digital Dissertations, metaRregister,
GoogleScholar, etc). The formal assessment of reporting biases
(including possible publication bias) and the sensitivity analyses
according to design characteristics are seen in Appendix 16. Signs of

reporting bias were seen for the effect of orthodontic treatment on



PAPAGEORGIOU ET AL

CAL (Egger's p = .09), but the funnel plot did not indicate publication
bias (Appendix 17) but rather “small-study effects”. On the other side,
significantly different (p <.10) treatment-induced effects on CAL,
MBL, and PPD were seen between studies with large/small sample
size, prospective/retrospective nature, and multi-group/single-group
nature. Therefore, future clinical recommendations should be based

on methodologically sound studies to minimize bias.

4 | DISCUSSION

41 | Resultsin context

This systematic review collates and critically appraises randomized
and non-randomized clinical studies on the effects of orthodontic
treatment on patients with previous severe periodontitis and patho-
logically migrated teeth. Thirty studies (half of them being uncon-
trolled single-group cohort studies) with a total of 914 patients
(29.7% male; mean age 43.4 years) were included and assessed for
periodontal-orthodontic treatment, which was compared with peri-
odontal monotherapy, or evaluated the use of additional procedures
(such as guided tissue regeneration or fiberotomy) and adjuncts (such
as laser or bite-wafer).

Data from indirect pooling of single-group cohort studies indi-
cated that combined periodontal-orthodontic treatment might be
associated with minimal improvement of the periodontal condition in
terms of CAL, PPD, MBL, and papilla height (Table 7). This might be
interpreted as due to a relative intrusion of the orthodontically treated
teeth within the alveolar bone, which might facilitate a gain in clinical
attachment. This stands in stark contrast to the effects of orthodontic
treatment on periodontally healthy patients, where a minimal loss of
clinical attachment and marginal bone is seen (Bollen et al., 2008;
Papageorgiou, Papadelli, & Eliades, 2018). Possible explanations for
this might include an increased blood flow to periodontium, dental
pulp, and alveolar bone, which might promote restoration of peri-
odontal tissues (Figueira et al., 2009). This is supported by the findings
of an included study (Zhang et al., 2017), which were only partly
reported in the review's tables (as the omitted study arms pertained
to periodontic patients without tooth migration and periodontally
healthy patients). In that, the periodontal indices of stage IV periodon-
titis groups receiving combined periodontal-orthodontic treatment
greatly improved without any significant difference to the periodon-
tally healthy groups, indicating that the combined treatment group
recovered faster than the group that underwent periodontal mon-
otherapy. The efficacy of non-surgical and surgical periodontal treat-
ment has been previously documented in classical studies, with
maximum pocket reduction and CAL gains, after 1 year, being
observed in pockets initially deeper than 5 mm (Kaldahl et al., 1996;
Cobb, 2002). Nowadays, with advanced regenerative periodontal
treatment approaches, we are able to predictably increase the margins
of pocket reduction and CAL gain after treatment when performed
after appropriate case selection (Reynolds et al., 2015; Cortellini

et al., 2017; Nibali et al., 2020). Nonetheless, significant gains such as
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those observed after the combined periodontal-orthodontic treat-
ment in the present study (indirect meta-analyses; Table 7) may be
comparable only with optimal treatment outcomes which vary across
several factors such as surgical technique, biomaterials, and experi-
ence of the operator. Additionally, a favourable response in the cyto-
kine profile of patients receiving combination treatment was seen, but
this might be a confounder due to reinforced oral hygiene monitoring
during fixed appliance therapy.

Similar findings were reported by another recently published
systematic review prepared for the same European Federation of
Periodontology (EFP) workshop (Martin et al., 2021), which compared
the effect of orthodontic treatment between treated periodontitis
patients with a healthy but reduced periodontium and non-periodontitis
patients. The authors of this review concluded that orthodontic
tooth movement had no significant impact on periodontal out-
comes and did not interfere with periodontal healing. It must be
noted here, however, that their review was limited to indirect
meta-analyses and only in the comparison between periodontally
treated and periodontally healthy patients, whereas this review
focused only on the former—and therefore was based on a wider
data pool.

Interestingly, an inverse relationship was seen between orthodon-
tic treatment duration and periodontal gains in favour of reduced
treatment durations, which might implicate longer treatments and the
extended inflammation risk due to the added plaque burden from the
orthodontic appliances (Chhibber et al., 2018). It might therefore be
prudent to take this into account when planning the desired tooth
movements and selecting the appropriate orthodontic appliances
(Chhibber et al., 2018; Papageorgiou et al., 2016; Papageorgiou, Kol-
etsi, et al., 2020). This dose-response relationship between the dura-
tion of orthodontic treatment and periodontal response might be
helpful in terms of epidemiological association but needs to be further
studied.

Equally importantly, the long-term prognosis of pathologically
migrated teeth does not seem to be endangered by their orthodontic
realignment. Roccuzzo et al. (Roccuzzo et al., 2018) reported that
10 years after periodontal treatment, guided tissue regeneration of
bony defects, and orthodontic alignment of pathologically migrated
teeth, the mean number of teeth lost per patient was 0.64 + 0.70.
Similarly, Aimetti et al. (2020) reported that no anterior tooth with
pathological tooth migration that underwent orthodontic treatment
was lost because of periodontitis recurrence during the 11-year-
average period of supportive periodontal therapy. Furthermore, Zhang
et al. (2017) found that patients with initially pathologically migrated
teeth treated orthodontically showed less relapse of periodontal
inflammation/migration  than did patients who received
periodontal monotherapy (15% vs. 33%). This might indicate that a
harmonious occlusion with balanced occlusal contacts might be bene-
ficial to avoid occlusal trauma or periodontal breakdown and might
help the long-term prognosis of teeth. However, it must be stressed
here that after orthodontic alignment, the vast majority of studies
included a definite stabilization protocol (usually with a wire splint),

which might have confounded these data.
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4.2 | Strengths and limitations

This review has several strengths, including its a priori protocol (Sideri
et al., 2018), the comprehensive literature search, the use of modern,
up-to-date methods for study appraisal (Sterne et al., 2016; Sterne
et al., 2019) or data analysis (Langan et al., 2019), the application of
the GRADE approach to assess the strength of provided recommen-
dations (Guyatt et al., 2011), and the transparent provision of all data
(Papageorgiou, Antonoglou, et al., 2020).

Some limitations also do exist in the present review. For one, ide-
ally randomized trials comparing combined periodontal-orthodontic
treatment with periodontal monotherapy should have been included
in this review. However, owing to the lack of studies, also “weaker”
non-randomized study designs were included, which, together with
other methodological issues (lack of pre-registration, careful patient
selection, blinding, and a priori sample size calculations), might have
introduced bias in the results (Papageorgiou et al, 2015;
Papageorgiou et al., 2017; Papageorgiou et al., 2019). Ideally, trials
randomizing severe (stage IV) periodontitis patients to either
periodontal-orthodontic treatment or periodontal treatment alone
should be used to better evaluate the added benefits of orthodontic
treatment. Furthermore, many included studies assessed outcome
mid-treatment, directly post treatment, or shortly after the combined
periodontal-orthodontic treatment, which could have an effect on the
measured outcomes, since orthodontic treatment might still be ongo-
ing and a longer period might be needed for definitive healing and tis-
sue regeneration (Sanz et al., 2012; Hoffmann et al., 2016). Healing
after non-surgical and surgical periodontal treatment (i.e., stabilization
of attachment level and pocket depth) might take place even
12 months or more after treatment completion, and thereafter addi-
tional factors such as oral hygiene may come in play regarding the
condition of previously affected tissues. If one wants to identify
the different benefits attributed solely to orthodontic treatment after
periodontal treatment, a sufficient amount of time may be required
for healing phenomena after periodontal treatment to conclude
before orthodontic treatment commences. Therefore, periodontal
measurements before periodontal treatment, after periodontal treat-
ment, before initiation of orthodontic treatment, during orthodontic
treatment (with 6-month intervals), and about 1 year after completion
of orthodontic treatment might be appropriate to gauge the effect of
each treatment separately. Evidence of bias was possibly seen in the
sensitivity analyses of the current review (Appendix 16) according to
sample size and study design, and therefore it is important that future
prospective multi-arm studies with adequate sample and follow-up
are incorporated in the existing evidence base. Inclusion of non-
randomized studies in meta-analysis is not considered prohibitory,
provided robust bias appraisal has been performed, and recent guidance
has been provided about how to appropriately incorporate such designs
(Schiinemann et al., 2019). Also, a heterogeneous response among stud-
ies was seen for most outcomes in the indirect analyses, which is to be
expected because of the wide spectrum of baseline severity/appli-
ances/clinical settings. Furthermore, most meta-analyses were based

predominantly on small trials, which might affect the precision of the

estimates (Cappelleri et al., 1996). Additionally, the small number of tri-
als that were ultimately included in the meta-analyses and their incom-
plete reporting of results and potential confounders like level of case
severity, oral hygiene, treatment timing, post-alignment finishing, and
retention regimens, precluded the conduct of many analyses for sub-

groups and meta-regressions.

5 | CONCLUSIONS

Existing evidence on the orthodontic treatment of patients with previ-
ous severe periodontal disease and pathological tooth migration is
very limited and of poor quality. Orthodontic treatment might be
associated with small improvements of periodontal parameters and
does not seem to affect long-term prognosis. But its exact effects on
the periodontal tissues, as well as the optimal treatment protocol,
remain unclear. Future prospective, long-term clinical studies are
warranted to formulate robust clinical recommendations for the reha-
bilitation of periodontally compromised dentitions.
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