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1 | INTRODUCTION
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Abstract

Aim: To answer these PICO questions:

#1: In adult patients with malocclusion, what are the effects of orthodontic tooth
movement (OTM) on clinical attachment level (CAL) changes in treated periodonti-
tis patients with a healthy but reduced periodontium compared to non-periodontitis
patients?

#2: In adult patients with treated periodontitis and malocclusion, which is the efficacy
of skeletal anchorage devices compared to conventional systems in terms of ortho-
dontic treatment outcomes?

Material and methods: Seven databases were searched until June 2020 looking for
randomized, non-randomized trials and case series. Mean effects (ME) and 95% con-
fidence intervals (Cls) were calculated.

Results: Twenty-six studies with high risk of bias were included.

PICO#1: In 26 patients without periodontitis and in 69 treated periodontitis patients,
minimal changes in periodontal outcomes were reported after orthodontic therapy
(p > 0.05). A significant CAL gain (mm) (ME = 3.523; 95% CI [2.353; 4.693]; p < 0.001)
was observed in 214 patients when periodontal outcomes were retrieved before a
combined periodontal and orthodontic therapy.

PICO#2: Orthodontic variables were scarcely reported, and objective assessment of
the results on orthodontic therapy was missing.

Conclusions: Based on a small number of low-quality studies, in non-periodontitis and
in stable treated periodontitis patients, OTM had no significant impact on periodontal

outcomes.
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pathologic tooth migration. This periodontal condition requires
complex multidisciplinary rehabilitation due to masticatory dysfunc-

tion, secondary occlusal trauma, bite collapse and drifting and flaring

Stage |V periodontitis is characterized by periodontal interdental of the remaining teeth and risk for loss of dentition (Papapanou et al.,

attachment loss, formation of pockets, bony defects and possible 2018; Tonetti & Sanz, 2019). Orthodontic therapy can help realigning
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the migrated teeth and distributing the edentulous spaces. If the
periodontal inflammation remains uncontrolled during the ortho-
dontic treatment, this will accelerate the progression of periodon-
tal destruction leading to further loss of attachment (Wennstrém
et al., 1993). A recent systematic review concluded that orthodontic
treatment with fixed appliances has little to no clinically relevant ef-
fect on clinical attachment levels (CAL) on healthy adults or adoles-
cents (Papageorgiou et al., 2018). Although these treatment-induced
changes are mostly transient and normalize after removal of ortho-
dontic appliances in long-term follow-ups (Gomes et al., 2007), some
authors reported that clinical and microbial periodontal parameters
were only partly normalized 3 months following the removal of the
appliances (van Gastel et al., 2011). Moreover, and according to an-
other systematic review, orthodontic fixed retainers seem to be a
retention strategy rather compatible with periodontal health, or at
least not related to severe detrimental effects on the periodontium.
(Arn et al., 2020) To our knowledge, there are not systematic reviews
evaluating the effect of orthodontic tooth movement (OTM) on CAL
levels in periodontitis patients.

Another aspect that cannot be overlooked is the effect of OTM
in patients with a reduced periodontium, where the total surface of
the periodontal ligament that receives the orthodontic forces is sig-
nificantly less and the tooth centre of resistance is apically displaced,
resulting in the expression of greater moments of force. In these sit-
uations, the orthodontic treatment requires significant experience
on the end of the orthodontist and should be carefully planned and
monitored in order to achieve bodily instead of tipping tooth move-
ments (Melsen et al., 1989). The presence of reduced periodontal
support also implies different anchorage requirements. Control of
anchorage during orthodontic treatment is considered of significant
importance since it helps to avoid undesirable tooth movements that
take place as a consequence of the reaction forces applied to move
teeth (Gkantidis et al., 2010). In many occasions, the use of skeletal
anchorage devices, such as temporary anchorage devices (TADs),
orthodontic microscrews or mini-plates, or conventional dental im-
plants are recommended for a better control of three-dimensional
tooth movements (Kanomi, 1997: Liu et al., 2016; Odman et al.,
1994; Sugawara et al., 2004). Moreover, the growing demand for
minimal patient compliance during OTM (Nanda & Kierl, 1992) and
the need to use the simplest orthodontic system for reducing plaque
accumulation as much as possible (Gkantidis et al., 2010) has made
the use of TADs more promising as an excellent alternative to tra-
ditional orthodontic anchorage. However, although they are widely
recognized as valuable tools to facilitate tooth movements, there is
little evidence showing their advantages compared to conventional
anchorage systems in patients with periodontitis.

Therefore, the aim of this systematic review was to answer the
following PICO questions:

e PICO #1: In adult patients with malocclusion (population), what
are the effects of OTM on clinical attachment level (CAL) changes
(outcome) in treated periodontitis patients with a healthy but re-
duced periodontium (exposure) compared to non-periodontitis
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CLINICAL RELEVANCE

Scientific rationale for the study: Stage IV periodontitis pa-
tients usually need orthodontic therapy due to pathologic
tooth migration. More information about its effects is
needed.

Principal findings: In non-periodontitis and in stable treated
periodontitis patients, orthodontic therapy led to minimal
changes in periodontal outcomes. In untreated periodonti-
tis patients, significant improvements in periodontal out-
comes were observed after periodontal and orthodontic
therapies were successfully completed. Assessment of the
orthodontic outcomes was poorly reported, and no quan-
titative comparisons were possible.

Practical implications: Patients with reduced periodontium
but stable periodontal status seem to receive orthodon-
tic tooth movement with minimal or no additional loss of
attachment.

patients (comparator)?

e PICO #2: In adult patients with malocclusion and healthy but
reduced periodontium (population), what is the efficacy of skel-
etal anchorage devices (implants or TADs - microscrews or
miniplates-) (intervention) compared to conventional anchor-
age systems (comparator), in terms of orthodontic treatment

(outcomes)?

2 | MATERIAL AND METHODS

2.1 | Protocol development and systematic review
reporting

Two protocols were prepared according to the guidelines set by
PROSPERO (National Institute of Health Research, UK). The conduct
and reporting of the review followed guidelines from the Cochrane
handbook (Cumpston et al.,, 2019) and the PRISMA (Preferred
Reporting Items for Systematic Review and Meta-analysis) state-
ment (Liberati et al., 2009; Moher et al., 2009; Page et al., 2020) and
its extension for abstracts (Beller et al., 2013).

The protocols were presented to the Workshop Committee
for the XVII European Workshop on Periodontology. Before
starting the study, the protocols were approved and registered
in the International Prospective Register of Systematic Reviews
PROSPERO (CRD42020177549 and CRD42020178550).

2.2 | Eligibility criteria

Table 1 shows the main inclusion criteria for both PICOS questions,
including primary and secondary outcomes.
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TABLE 1 Components of both PICOS questions

P Patients

| Intervention or
exposure

C Comparison

O Outcomes

S Study design
and duration

PICO #1

Adult patients with malocclusion treated
with orthodontic fixed appliance

(possible subgroup analysis considering

other orthodontic appliances).

Treated periodontitis patients with a
healthy but reduced periodontium

(Papapanou et al., 2018; Tonetti & Sanz,

2019) (possible specific analysis on
stage IV periodontitis patients).

Non-periodontitis patients.

Primary outcome: changes in mean CAL
(mm) before orthodontic treatment
and after appliance removal, or
follow-up period of at least 6 months.
Comparisons considered: differences
throughout orthodontic treatment
or differences between treated
periodontitis patients versus non-
periodontitis patients.

Secondary outcomes: root resorption,
inflammatory cytokines levels, timing
of force application after periodontal
therapy, tooth loss, tooth mobility,

gingival profile (gingival recessions and
papilla index), duration of OTM, success

of OTM, subjective and objective
measures of masticatory function.

PICO #2

Periodontally stable, previously
treated periodontitis adult patients
undergoing orthodontic treatment.

Anchorage provided with TADs or
implants (‘skeletal’ anchorage).

Anchorage provided with conventional
methods (no TADs, no implants).

Primary outcome: orthodontic
treatment outcome, evaluated using
different indices (occlusal, treatment
need, quality of orthodontic
finishing) (Brook & Shaw, 1989;
Cangialosi et al., 2004; Casko
et al,, 1998; Richmond et al., 1992)
and/or occlusal features (Angle's
classification of molars, overijet,
and overbite) on post-treatment
dental casts and/or cephalometric
changes (analysing pre-treatment
and post-treatment).

Secondary outcomes: Implant or TAD
failure rate, mesiodistal ‘loss of
anchorage’, ‘anchorage loss ratio’
(Papadopoulos et al., 2011). Clinical
attachment levels changes (mm).

Common components for both
PICOS

Individuals of ethnicity, sex, older
than 18 years.

Secondary outcomes: changes in
probing pocket depth (mm),
recession (mm), bleeding on
probing (%), gingival index,
plaque level (Pll), alveolar
bone level and orthodontic
treatment duration. Secondary
patient-based outcomes:
patient-reported outcome
measures (PROMs), possible
adverse effects and oral
health-related quality of life,
patient satisfaction, discomfort,
hygiene difficulty, etc. Any study
reporting at least one of the
primary/secondary outcomes
were considered for inclusion.

RCTs, CCTs, prospective or
retrospective clinical cohort
studies or case series studies
with pre- and post-treatment
measures with at least 6 months
of follow-up were included.

Abbreviations: CAL, clinical attachment level; CCTs, controlled clinical trials; OTM, orthodontic tooth movement; RCTs, randomized clinical trials;

TAD, temporary anchorage devices.

Studies were excluded if: (1) they were done specifically on pa-
tients with diabetes or any known systemic condition or any drugs
intake that might influence orthodontic treatment (bone remodel-
ling); (2) they were preclinical in vivo studies (experimental animal
studies), non-clinical studies and studies with experimentally in-
duced periodontal disease; (3) pertained to skeletal and not dental
movement (e.g. maxillary expansion); (4) studies with ectopic/dis-
placed canines, combined orthodontic-orthognathic surgical cases
and other surgically assisted techniques. Due to time limitations,

only papers published in English were selected.

2.3 | Information sources and search

Two systematic searches were conducted for published, unpublished
and ongoing studies up to June 2020 by two investigators (CM, EF).
The search strategy and the seven databases searched are presented

in Appendix S1 and Appendix S2. Reference lists of retrieved pa-
pers and previously published systematic reviews were also hand

searched. Grey literature was not excluded from our search.

2.4 | Study selection

Study selection was based on a two-step approach: (1) Screening of
titles and abstracts and (2) full-text analysis. Two reviewers per PICO
question (NA and JB and BC and GA) selected eligible studies by re-
viewing the titles and abstracts and considering the inclusion and ex-
clusion criteria. The complete articles sourced via eligible titles and
abstracts were obtained and examined independently to determine
eligibility. Discrepancies pertaining to the inclusion of any specific
paper were discussed until either a consensus was reached or a third
reviewer determined inclusion or exclusion (CM, EF). All reports ex-
cluded at this stage and reasons for their exclusion were registered.
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Inter-observer agreement value for the screening of complete arti-

cles was assessed via kappa score.

2.5 | Risk of bias in individual studies

Risk of bias assessments was conducted for methodological quality
of each included study using the critical appraisal tool most appro-

priate for its design.

e For randomized controlled trials (RCTs) or controlled clinical tri-
als (CCTs), the quality assessment was undertaken following the
Cochrane RoB 2.0 tool (Sterne et al., 2019) and the ROBINS-I
(Risk Of Bias In Non-randomized Studies - of Interventions) tool
(Sterne et al., 2016), respectively.

e The Newcastle-Ottawa scale (NOS) was used for cohort studies
(Wells et al., 2015).

e The National Institute of Health's quality assessment tool was
used for uncontrolled studies with two consecutive measure-
ments (NHLBI, 2014).

All risk of bias assessments were performed at the study level
using CAL as outcome. If the previous was not available, a secondary

outcome was used.

2.6 | Data collection process

Based on the Cochrane recommendations, standardized, pre-piloted
data extraction forms were designed. Characteristics of included
trials and numerical data were extracted. A thorough calibration of
the data extraction process took place using predefined data extrac-
tion forms amongst four reviewers (NA, JB, GA and BC). Data were
extracted by these reviewers (NA, JB, GA and BC), who achieved
consensus on which data to extract from the included studies, under
the supervision of two reviewers (EF, CM).

All outcome variables for which data were sought (primary and
secondary outcomes) for both PICOS questions are listed in Table 1.
Data on reported outcomes were extracted at baseline (before or-
thodontic therapy) and immediately after orthodontic therapy (ei-
ther the exact value in each visit or the change between visits) or
after at least 6 months from baseline. In case authors provided data
on longer follow-up periods, these data were not registered. In case
of missing data, authors were contacted and their responses were
registered.

Studies without sufficient data to enter the meta-analyses were
kept in the systematic review and analysed qualitatively.

2.7 | Dataanalyses

To summarize and compare studies, mean changes between final

and baseline visits and standard errors (SE) values were directly
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pooled and analysed with mean effects (ME) and 95% confidence
intervals (Cls). When the differences between (A) baseline-end
were not reported, they were calculated using the formula:
AVar = Var2 - Varl, where Varl was the mean value before treat-
ment and Var2 the mean value after treatment. In addition, the
variance of AVar was estimated with the formula: SVar? = SVar1?
+ Svar2? - (2*r*SVar1*SVar2), where SVar? was the variance
of the difference, SVar1? is the variance of the mean baseline
value, and Svar2? is the variance of the mean end value. A corre-
lation r of 0.5 was assumed as described before (Paraskevas et al.,
2008).

In order to compare the changes in study outcomes between
baseline and final visits, all study designs were included, but con-
sidering each arm of RCTs or CCTs as an independent study (Sanz-
Sanchez et al.,2015, 2018). Subgroup analyses were performed
based on: (1) periodontal diagnoses; (2) time of baseline periodontal
outcomes collection (before or after periodontal therapy); (3) inter-
val between periodontal and orthodontic treatment; (4) type of peri-
odontal surgical therapy; (5) type of orthodontic tooth movement;
and (6) type of orthodontic anchorage. A random-effects approach
together with the Dersimonian and Laird method for between-study
variance was chosen a priori for pooling individual study effects.

The statistical absolute and relative between-trial heterogeneity
was assessed using the Tau? and the 12 index, respectively; the latter
defined as the percentage of variation in the global estimate that
was attributable to heterogeneity (I2 = 25%: low; I? = 50%: moderate;
I? = 75%: high heterogeneity).

In case of heterogeneity, in addition to the summary estimate
(MD) and ClI, prediction intervals will be reported to allow more
informative inferences and illustrate which range of true effects
can be expected in future settings, presenting the heterogeneity
in the same metric as the original effect size measure (IntHout
et al., 2016).

Forest Plots were created to illustrate the effects in the meta-
analysis of the global estimation and the different sub-analyses.
STATA®14 (StataCorp LP, Lakeway Drive, College Station, Texas,
USA) intercooled software was used to perform all analyses.

Statistical significance was set at p < 0.05.

2.8 | Risk of bias across studies.
Strength of the evidence

The overall quality of evidence was rated using the GRADE (Grading
of Recommendations, Assessment, Development and Evaluation)
approach (Guyatt et al., 2011) following a recent guidance on com-
bining randomized with non-randomized studies (Schunemann et al.,
2019) and the summary of findings table format by Carrasco-Labra
et al. (Carrasco-Labra et al., 2016). To reach an outcome level grad-
ing of evidence, the authors considered risk of bias, inconsistency,
imprecision, reporting bias, publication bias, large effects, plau-
sible confounding and dose response gradient as per the GRADE
methodology.

dny) suonipuoD pue WS L 8y 89S *[5Z02/TO/ET] U0 AkeigiT8UIUO A811M ‘(PepIUeS 8P OLBISIUIIN) UOKINOI] [UONEN BURILI0D USIUedS Aq Z8YET&doTTTT OT/I0p/wioo" A3 |Iw Aelq1jeut|uo//sSdny Woij pepeojumod *2S ‘220z *XTS0009T

oM ArIg L

35UD 1T SUOWILOD dAIER1D 3|cedl [dde ay) A pausanoh afe Sapie YO ‘38N Jo Sani 10} Akelq 1T auluQ A3|IAA UO (SUO T IPUOD-pUe:



) MARTIN ET AL.
“Lwiey- [

TABLE 2 Main characteristics of included studies

First author and Study Duration
Year Country Setting Funding Centre/s Study design Mean (SD) [range]
Carvalho et al. Brazil University None 1 CP [20-22]
(2018)
Brown (1973) United States University Partly by USA PHS 1 PCS [6-7]
Eliasson et al. (1982) Sweden University NR 1 RCS [8-22]
Melsen et al. (1989) Denmark Private NR 1 PCS [6-18]
Odmanetal., (1994) Sweden University NR 1 PCS 17 [4-33]
Re et al., (2000) Italy Private NR 1 RCS 144
Corrente et al,, Italy Private NR 1 PCS 10 (2.6)
(2003)
Cardaropoli Italy Private NR 1 PCS 0:11.71 (2.98) Fw: 24
et al. (2004, Re
(2004)
Cardaropoli et al., Italy Private NR 1 PCS 15
(2006)
Ghezzi (2008) Italy Private NR 1 PCS NR
Ogihara (2010) Japan Private NR 1 RCT 12
Attia (2012) Egypt University NR 1 CCT split mouth 12
Lee et al., (2013) Korea University None 1 PCS 35.2
Ghezzi (2013) Italy University NR 1 PCS 9(3.2)
Heravi (2011), Iran University None 1 PCS 0:77[4.3-11.5]
Bayani et al. Fw: 6
(2015)
Cao et al., (2015) China University NR 1 PCS 19
Ogihara (2015) Japan Private NR 1 RCT 37
Zasciurinskiené Lithuania University & None 3 RCT 21.68 (1.23)
et al. (2018, Private 25.73 (1.00)
2019a, 2019b)
Zhang (2017) China University NR 1 RCT? 36
Attia (2019) Egypt University NR 1 RCT split mouth 9
Aimetti (2020) Italy Private None 1 RCS 0:18.6 (9) [4-36]
Fw: 139.2 (19.2)
[120-180]
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Time pointsn (months)

3(0; 16-18; 20-22)
3(0; 3-4; 6-7)

3(0; 8-22)

2(0; 6-18)

2(0;17)

6 (0; 24:; 48; 72; 120;

144)
2(0;10)

3(0;11.71; 24)

2(0; 10-15)

3(0; 12; NR)

2(0;12)

3(0; 6;12)

3(0; 5-20; 35.2)

2(0;9)

3(0; 4.3-11.5; +6)

2(0; 19)

3(0;12; 36)

3(0; 1.38; 21.68)
3(0;4.56; 25.73)

3(0; 6; 18)

3(0; 6;9)

3(0; 18.6; 139.2)

Study groups

Periodontitis and
Non-Periodontitis
Periodontitis
Periodontitis
Periodontitis
Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis
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Author’s conclusion

Aggressive periodontitis with reduced periodontium can undergo orthodontic movement
without additional attachment loss.

Molar intrusion is an appropriate therapy, where indicated, with favourable periodontal
results.

If careful pre-orthodontic oral hygiene treatment is given, no increased progression of
periodontitis will occur due to orthodontic tooth movement.

Satisfactory periodontal and aesthetic results can be obtained in anterior teeth with PTM
after orthodontic treatment.

Osseointegrated titanium implants remain stable when orthodontically loaded and may
thus serve as anchorage units for tooth movements.

Orthodontic treatment is no longer a contraindication in the therapy of severe adult
periodontitis.

After a proper periodontal therapy, is possible to perform orthodontic intrusion towards
intrabony defects in patients with severe periodontal disease; obtaining significant PPD
reduction, CAL gain and radiographic bone fill.

Periodontal teeth can be successfully aligned with an adequate orthodontic-periodontic
treatment without worsening the clinical and aesthetic outcomes.

Combined periodontic-orthodontic approach for the treatment of intrabony defects,
results in the reductions in PPD, gain of CAL and radiographic bone fill.

Combined orthodontic-periodontal approach that prevents damaging the regenerated
periodontal apparatus and produces aesthetic improvements as a result of alignments
and enhancement of papilla height.

EMD/DFDBA and ortho/EMD/DFDBA were effective for the treatment of 2 or 3-wall
intrabony defects.

Combined periodontic-orthodontic therapy resulted in favourable clinical and radiographic
results. Greater reductions in PPD and higher CAL gain were obtained in the intrabony
defects when immediate orthodontic tooth movement was applied.

3D analysis showed the detailed positional changes of overerupted molar which can be
successfully intruded.

Orthodontic movement in immature bone during the healing time, does not adversely
affect the maturation process of the entire periodontal apparatus.

Orthodontic intrusion showed clinical signs of CAL gain and shortening of clinical crown,
without affecting negatively the periodontium.

Orthodontic intrusion improved the periodontal support of migrated incisors.

Forced eruption with EMD/DFDBA therapies resulted in greater soft and hard tissue
improvements compared to forced eruption with EMD alone.

Orthodontic movements in periodontal patients resulted in CAL. gain, PPD reduction,
alveolar bone gain and external apical root resorption

Combined orthodontic-periodontic treatment had good clinical efficacy in the treatment
of periodontitis and decreased the levels of inflammatory cytokines. PPD, PI, CAL
and sulcus bleeding index measurements were better in the combined orthodontic-
periodontic treatment group

Improvements in clinical and radiographic parameters were observed following the
adjunctive low-level laser therapy and orthodontic regenerative therapy for the
management of intrabony defects in chronic periodontitis patients

Orthodontic tooth movement has no negative effects in patients with a healthy but
reduced periodontium, when enrolled in strict maintenance care programme

(Continues)
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WILEY~ Periodontology
TABLE 2 (Continued)
First author and Study Duration
Year Country Setting Funding Centre/s Study design Mean (SD) [range]
Harris (1990) United States University NR 1 RCS 30(4.2)
Sadiq (2008) Iraq University NR 1 PCS 16 (4.2)
Karkhanechi et al., United States University NR 1 CP 12
(2013)
Rasperini (2017) Italy University Partly by Hu-Friedy 1 PCS 9
Company
Zoizner (2018) Israel University NR 1 CR 33.79 (15.97)

Abbreviations: CAL, clinical attachment level; CP, cohort prospective; CR, cohort retrospective; CCT, controlled clinical trial; DFDBA, demineralized
freeze-dried bone allograft; DT, during treatment; EMD, enamel matrix derivative; Fw, follow-up; NR, not reported; O, orthodontic treatment;

Pl, plaque index; PCS, prospective case series; PHS, Public Health Service; PPD, probing pocket depth; PTM, pathologic tooth migration; RCS,
retrospective case series; RCT; randomized controlled clinical trial; SD, standard deviation.

“Mixed design.

2.9 | Method for addressing reporting biases
Egger’s and Begg’s tests were used for the main outcome to assess
publication bias. Results of tests for funnel plot asymmetry were in-

terpreted with visual inspection.

2.10 | Sensitivity analysis

Post hoc sensitivity analyses were performed excluding studies
one by one from the global estimation for primary outcome (CAL
change). Additionally, an overall visual distribution of the specific
estimators of each publication was done, and any study following
a different pattern was identified. Meta-analyses on CAL changes
were also performed without those studies.

3 | RESULTS
3.1 | Study selection

Appendices S3 and S4 depict the study flow chart for both
searches. For PICO #1, the electronic search yielded 870 titles
and the manual search added 133 additional studies, with a total
of 547 studies. After the review of full-text articles, 71 publica-
tions were excluded and 28 were included in the qualitative syn-
thesis (agreement = 100.0%; kappa = 1; p < 0.001), representing 24
different studies. For PICO #2, the electronic search yielded 710
titles and the manual search added 22 additional studies. After
the review of the full-text articles, 27 studies were excluded and

14 were included in the qualitative synthesis (agreement = 85.0%;

kappa = 0.500; p = 0.01), representing 12 different stud-
ies. Excluded studies and reasons for exclusion are shown in
Appendices S5 and Sé, respectively.

Three sets of manuscripts reported different outcomes in dif-
ferent publications: Re et al. (2004) with Cardaropoli et al. (2004),
Bayani et al. (2015) with Heravi et al. (2011a) and Zasciurinskiené
et al. (2018); Zasciurinskiené, Lund, Lindsten, Jansson, and Bjerklin
(2019a, 2019b).

3.2 | Study characteristics

Although the definition of the two PICO questions determined dif-
ferent populations, all the studies selected for PICO #2, except two
(J. Lee, Miyazawa, et al., 2013; Odman et al., 1994) were included in
the first one. Therefore, results are presented together.

Table 2 depicts the methodological characteristics of the 26 in-
cluded studies.

There were mainly case series with a pre-post-design (13 pro-
spective and 4 retrospective), followed by RCTs (1 split mouth and 4
with parallel arms), three cohort studies (2 prospective and 1 retro-
spective) and one CCT (split mouth). Sixteen were done at university
settings, 9 in private practices and 1 in combined settings, with fund-
ing being scarcely reported. Nearly half of them were done in Europe
(n=12), and the other were distributed by Asia (n = 8), America (n = 4)
or Africa (n = 2). Overall study duration (i.e. baseline measurements
to end of periodontal/orthodontic/combined treatment) varied from
6 months to nearly two years, with orthodontic therapy lasting from
3 to 36 months and at least 2 visits during the study (range: 2-6).
There was only one study (Carvalho et al., 2018) comparing data

from one cohort of patients with periodontitis (n = 10) versus one
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Time pointsn (months) Study groups

Author’s conclusion

79
EEE ey

Adult patients exhibited greater crestal bone loss during treatment, but in the absence of

compromising conditions (e.g. periodontitis) they are not more likely than adolescents
to lose periodontal support

Preventive periodontal treatment before orthodontic manipulation might help to prevent

periodontal destruction and plaque accumulation

Treatment with fixed buccal orthodontic appliances was associated with a worsen

periodontal condition when compared to treatment with removable aligners

The periodontal biotype should be properly identified before orthodontic treatment to

avoid the development of gingival recession

2 (0; 30) Non-Periodontitis
3(0; DT; 16) Non-Periodontitis
2(0;12) Non-Periodontitis
2(0;9) Non-Periodontitis
2 (0; 33.79) Non-Periodontitis

The orthodontic tooth movement per se does not cause attachment loss. The mean

individual bone losses of all interproximal surfaces in both groups did not reach
statistical significance. There was no association observed between bone loss with any
comorbidity factor

without periodontitis (n = 10); 20 studies dealt with participants with
periodontitis and 5 with non-periodontitis patients.

3.3 | Participant's characteristics
3.3.1 | General characteristics

Table 3 presents information related to general characteristics of
included participants. Overall, this review included data from 669
participants (438 with periodontitis and 231 without periodonti-
tis), with ages that ranged from 18 to 60 years old, mainly women
(n = 521) and non-smokers. In three studies, representing 33 pa-
tients, orthodontic therapy with TADs or implants was performed
in all patients (skeletal anchorage). Ten studies mentioned differ-
ent types of conventional anchorage, and two studies reported
data from patients with TADs mixed with patients without TADs.
Eleven studies did not report information about the anchorage

used.

3.3.2 | Periodontal characteristics

Periodontal inclusion criteria (Table 4) showed a wide variation in
their definitions. Non-periodontitis cases usually included periodon-
tally healthy participants, although information regarding specific
criteria was usually missing, except for the study of (Carvalho et al.,
2018). Regarding periodontitis, the identified studies dealt with both
patients presenting mainly localized intrabony defects (n = 10) and
generalized periodontitis cases (n = 10).

Information on periodontal therapy is reported in Table 3. In
non-periodontitis participants, professional mechanical plaque

removal (PMPR) (Trombelli et al., 2015) and oral hygiene instructions
(OHI) before orthodontic therapy were only reported in 3 studies
(Carvalho et al., 2018; Karkhanechi et al., 2013; Sadiq & Badea,
2012). In periodontitis patients, scaling and root planing (SRP) with
or without OHI and periodontal surgical procedures were usu-
ally performed. Surgeries included open flap debridement (OFD)
(Cardaropoli et al., 2004; Corrente et al., 2003; Melsen et al., 1989;
Re et al., 2000), modified Widman flaps (MWF) (Ogihara & Tarnow,
2015; Zasciurinskiené et al., 2018, 2019a, 2019b), apically position
flaps (APF) (Aimetti et al., 2020) or regenerative procedures with dif-
ferent materials including enamel matrix derivatives, membranes or
bone grafts (Aimetti et al., 2020; Attia et al., 2012, 2019; Cardaropoli
et al., 2006; Ghezzi et al., 2008; Ogihara & Tarnow, 2015; Ogihara &
Wang, 2010). In one study (Attia et al., 2019), diode laser was addi-
tionally applied in adjunct with surgery.

In all studies dealing with periodontitis patients, periodontal
therapy was done before the orthodontic treatment, except for one
arm in the study from Zasciurinskiené et al. (2018, 2019a, 2019b),
where only PMPR was done before orthodontic therapy, and SRP
and MWF were done during orthodontic therapy. There was one
study (Melsen et al., 1989) in which curettage and surgery was per-
formed during orthodontic therapy when needed. In the remaining
studies, the interval between periodontal therapy and application
of orthodontic forces varied from forces applied immediately (Attia
et al.,2012, 2019; Ogihara & Wang, 2010), 1 to 2 weeks (Cardaropoli
etal., 2004; Corrente et al., 2003; Eliasson et al., 1982; Melsen et al.,
1989; Re et al., 2000), 1 to 2 months (Attia et al., 2012; Cardaropoli
et al,, 2006; Ghezzi et al., 2008; Ogihara & Tarnow, 2015) or 3
to 6 months after surgery (Aimetti et al., 2020; in one arm from
Zasciurinskiené et al., 2018, 2019a, 2019b; Zhang et al., 2017).

Periodontal maintenance, consisting on PMPR was usually per-
formed during orthodontic therapy, with intervals that ranged from
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Periodontal

(Continued)
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$ 23 3.3.3 | Orthodontic characteristics
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g 2 2 z 2 5 g é were selected and included for subgroup analysis. Fixed appliances
T =
ﬁ g .téo were used in all the studies, since this was one of our inclusion crite-
—_ o)
- - 3 a g ria. Two of them compared fixed versus functional appliances (Zhang
= Z c - . . .
2 2 5 E g et al., 2017) or aligners (Karkhanechi et al., 2013). According to the
el o -
% % g 5 ‘; e description of anchorage, skeletal group comprised 22 osseointe-
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with intrabony defects and/or teeth with malpositions). Plaque lev-
els, BOP, Gl or REC were scarcely reported, while CAL, PPD or RBL
were given in the majority of publications except for Odman et al.
(1994) (Odman et al., 1994) and Lee, Miyazawa, et al. (2013) (J. Lee,
Miyazawa, et al., 2013), as they were studies coming from PICO #2.
Intraoral radiographs were the preferred method to determine bone
levels (either in mm or in %), except for two studies (Cao et al., 2015;
ZasCiurinskiené et al., 2018, 2019a, 2019b), in which CBCT mea-
surements were used. The timing to register periodontal outcomes
in baseline could be either before or after periodontal treatment
was finished, while second visits varied from 3 to 30 months after
baseline.

Orthodontic outcomes were scarcely reported, being the type
and amount of tooth movement the most common one. Two studies
reported changes in tooth position (mm) in 3D (J. Lee, Miyazawa,
et al., 2013; Odman et al., 1994), while Corrente et al. (2003)
(Corrente et al., 2003) and Cardaropoli et al. (2004) (Cardaropoli
et al., 2004) reported intrusion only of the incisors (mm), and in one
study (Harris & Baker, 1990), intrusion in molars was reported. The
second most commonly reported outcome was root resorption.
One study registered patient-reported outcomes measurements
(PROMS) related to TADs (Heravi et al., 2011a), and there was one
study in which the levels of inflammatory cytokines were reported
(Zhang et al., 2017).

3.5 | Main effects
3.5.1 | Periodontal effects

Results from meta-analyses on periodontal outcomes are reported
in Table 6. Appendices S8-510 show the forest plots for CAL, PPD
and BOP changes (n of studies = n; n of patients = np).

In patients without periodontitis, changes in CAL (mm) (n, = 2;
n, = 26; ME = 0.079; 95% Cl [-0.011; 0.168]; p = 0.085), PPD (mm)
(n,=2; n,= 26; ME = 0.313; 95% CI [-0.079; 0.705]; p = 0.117) and
BOP (%) (n = 2; n, =26; ME = 3.631; 95% Cl [-2.108;9.370]; p = 0.215)
were minimal and non-statistically significant through time (p > 0.05),
although a slight loss in RBL (mm) could be observed based in one study
(ng = 1; n, = 122; ME = -0.400; 95% CI [-0.579; -0.221]; p < 0.001).

In patients with treated periodontitis whose baseline mea-
surements were given after periodontal therapy had finished, no
significant changes were observed in CAL (mm) (n_ = 5; n, = 69;
ME = 0.002; 95% CI [-0.286; 0.289]; p = 0.990) or BOP (%) (n = 3;
n, = 41; ME = 0.961; 95% Cl [-0.774; 2.695]; p = 0.278), with
a slight PPD reduction (mm) (nS = 6; n, = 89; ME = 0.125; 95%
Cl [0.052; 0.197]; p < 0.001) and greater RBL gain (mm) (n, = 2;
n, = 24; ME = 0.893; 95% ClI [0.357; 1.428]; p < 0.001), during
orthodontic therapy.

By contrast, in periodontitis patients whose baseline measure-
ments were reported before periodontal therapy, a significant gain
in CAL (mm) (n, = 11; n, = 214; ME = 3.523; 95% Cl [2.353; 4.693];
p < 0.001) and in RBL (mm) (n, = 7; n, = 137; ME = 2.366; 95% ClI
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[1.118; 3.613]; p < 0.001), while a reduction in PPD (mm) (n_ = 12;
n, = 302; ME = 3.466; 95% Cl [2.630; 4.303]; p < 0.001) and in BOP
(%) (ng = 4; n, = 138; ME = 26.138; 95% CI [1.306; 50.970]; p = 0.039)
was observed after both treatments were done.

No significant changes in REC were observed in any study
groups, although patients with periodontitis with measurements
before periodontal therapy tended to have higher increases in REC
compared with the other groups.

Subgroup analyses could only be done in those studies reporting
periodontitis patients with baseline information before periodontal
and orthodontic therapy. Their results are reported in Table 7.

Considering the type of surgery, patients that had received peri-
odontal regenerative surgeries before orthodontic therapy, reported
higher gains in RBL than non-regenerative surgeries, although similar
CAL and PPD changes were observed. One study (Zasciurinskiené
et al., 2018, 2019a, 2019b) reported surgeries performed during
orthodontic therapy, and their results were the lowest in terms
of RBL (ME = 0.020; 95% CI [-0.019; 0.059]; p = 0.317) and CAL
(ME = 0.440; 95% CI [0.264; 0.616]; p < 0.001) changes, mainly due
to methodological differences (general vs local location, resective vs
regenerative surgeries).

Regarding the interval between periodontal and orthodontic
therapy, the worst results in terms of CAL, PPD or RBL changes
were observed when orthodontic forces were applied 3 to 6 months
after periodontal therapy, although these results came from only
one study (Zasc¢iurinskiené et al., 2018, 2019a, 2019b). Similar values
were observed for intervals of 1 to 2 months or less than 2 weeks.

Regarding the orthodontic movements, similar results were ob-
tained for intrusive and extrusive movements in terms of CAL or
PPD changes. However, in the extrusive movements (n, = 3; n,= 74;
ME = 4.00; 95% ClI [3.236; 4.763]; p > 0.001) there was greater RBL
gain (mm) than in the intrusive ones (n, = 3; n,= 38; ME = 1.36; 95%
C1[0.004; 2.717]; p = 0.049).

Regarding the type of anchorage (conventional, skeletal or NR
[when no additional conventional devices were specified]), the high-
est CAL (mm) gain was observed for conventional anchorage (n_ = 5;
n, = 80; ME = 4.569; 95% ClI [3.493; 5.645]; p < 0.001) and sig-
nificant PPD reductions that ranged between 2.4 and 3.9 mm were

observed in the three subgroups (Table 7).

3.5.2 | Orthodontic effects

Table 5 shows the results of orthodontic outcomes. No meta-analysis
could be performed with these variables. OTM was reported in the
only study that used osseointegrated implants (Odman et al., 1994),
in which a mean movement of 3.9 mm (range 0.6 to 7 mm) was ob-
served. In the studies in which TADs were used (Heravi et al., 2011b;
S. J. Lee, Miyazawa, et al., 2013), a mean molar intrusion of 2.1 mm
([SD = 0.9 mm]; p = 0.001) and 1.35 mm ([SD: 0.48 mm]; p < 0.001)
was achieved, respectively.

In the conventional anchorage group, the intrusion movement

was the only variable reported, ranging from 1.95 mm (SD = 0.48)
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TABLE 4 Data of the periodontal inclusion criteria and periodontal treatment performed in the included studies

Study
Carvalho (2018)

Brown (1973)

Eliasson (1982)

Melsen (1989)

Odman et al., (1994)

Re et al., (2000

Corrente et al,,
(2003)

Cardaropoli et al.
(2004, Re (2004)

Cardaropoli et al.,
(2006)

Ghezzi (2008)

Ogihara (2010)

Attia (2012)

Lee et al., (2013)

Ghezzi (2013)

Heravi (2011),
Bayani et al.
(2015)

Cao et al,, (2015)

Periodontal
groups

Non-
periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis
Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontal Non surgical professional
treatment periodontal treatment (PMPR,

Periodontal criteria duration SRP)

Inclusion criteria Months Before the study

1) PPD and CAL <3 mm NR PMPR +OHI

2) BOP < 10%

Aggressive periodontitis (1999 AAP criteria) NR SRP +OHI + antibiotic
(metronidazole 250 mg
+amoxicillin 500 mg)

1) Severe periodontitis NR SRP

2) Intrabony defect at mesial aspect of a posterior

lower molar

1) Severe periodontitis (4-6) SRP

2) Gingival inflammation

3) Alveolar bone loss

Alveolar bone loss NR curettage

Alveolar bone loss NR NR

Severe periodontitis NR SRP

1) Intrabony defect at mesial aspect of a extruded NR SRP

incisor with PPD 26 mm

2) FMPS <15%

Chronic periodontitis with: NR SRP

1) 1 upper central incisor extruded

2) Intrabony defect at mesial aspect of a extruded

incisor with PPD 26 mm

3) PL <15%

1) PTM NR SRP

2) Intrabony defect on an upper central incisor with

PPD 26 mm

3) FMPS <15%

1) PTM NR SRP

2) Severe periodontitis

3) Intrabony defect with PD 26 mm

3) FMPS and FMBS <25%

Chronic periodontitis with a intrabony defect of 12 SRP +OHI

>6 mm at one or two sites
Chronic periodontitis with at least 3 intrabony NR SRP
defects with PPD >5 mm

30% to 50% horizontal bone loss of a over erupted NR NR

molar with a healthy periodontal condition

1) PTM NR SRP

2) Periodontal disease

1) Alveolar bone loss NR NR

2) No active periodontal disease

Chronic periodontitis with: NR SRP +OHI

1) FMPS <15%
2) BOP <25%
3) Horizontal bone defects
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Surgical professional
periodontal
treatment (type of

Supportive

Self-performed
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surgery) periodontal therapy plaque control Other treatments  Timing
During the study Interval between periodontal and
Before the study (months interval) During the study During the Study  orthodontic therapy
NR CS +OHI (1) NR NR NR
NR CS +OHI (6) NR NR NR
NR NR NR NR NR
NR NR NR NR NR
OF (before and during Curettage (when NR NR 1 w after SRG
ortho) needed)
NR NR NR NR NR
OF PMPR (2-3) NR NR 1 w after periodontal treatment
OF PMPR (2-3) NR NR 7-10 d after SRG
OF PMPR (3-4) NR NR 7-10 d after SRG
GTR (collagen bovine PMPR (3) NR NR 2 w after SRG
bone graft)
GTR (EMD or SRP+OHI (1) NR NR 1y after SRG
collagen
membrane +bone
graft)
GTR (EMD +DFDBA) CS(NR) NR NR 1 m after SRG
GTR (bioactive PMPR +OHI (1) NR NR Immediately after SRG 2 m after
glass +collagen SRG
membrane)
NR Yes NR NR NR
NR
GTR (collagen bone NR NR NR 1 m after SRG
graft +EMD)
NR OHI NR NR NR
NR CS(3) NR Fibrotomy NR

(Continues)
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TABLE 4 (Continued)

Periodontal Non surgical professional
treatment periodontal treatment (PMPR,
Periodontal criteria duration SRP)
Periodontal
Study groups Inclusion criteria Months Before the study
Ogihara (2015) Periodontitis 1) CAL 26 mm NR SRP +OHI + OA
2) RBL
3) 1 intrabony defect
Zasciurinskiené et al.  Periodontitis 1) RBL >3 teeth and more than 1/3 of the root 1.38(0.18) PMPR (before ortho)
(2018, 20193, length SRP (during ortho)
2019b) 2) >3 teeth with BOP, PPD 24 mm and CAL >4 mm 4.56 (0.35) PMPR +SRP
Zhang (2017) Periodontitis 1) PTM NR CS +SRP + OHI
2) BOP
3) CAL 1-2 mm, 3-4 mm or =5 mm
Attia (2019) 1) Interproximal bone loss NR SRP +OHI
2) Two intrabony defects in premolar/molar region
with CAL and PPD >5 mm
Aimetti (2020) Periodontitis Severe chronic periodontitis with: 6 SRP
1) 24 sites in at least six anterior teeth with CAL and
PPD 28 mm
2) PTM
Harris (1990) Non- NR (indirect information from tables) NR NR
periodontitis
Sadiq (2008) Non- NR (indirect information from tables) NR PMPR
Periodontitis
Karkhanechi et al., Non- No CAL loss NR PMPR +OHI
(2013) periodontitis
Rasperini (2017) Non- 1) No history of periodontal treatment NR NR
periodontitis  2) No gingival recession
Zoizner (2018) Non- NR (indirect information from tables) NR NR

Periodontitis

Abbreviations: AAP, American Academy of Periodontology; BOP, bleeding on probing; CAL, clinical attachment level; CS, coronal scaling; d, days;
DFDBA, demineralized freeze-dried bone allograft; EMD, enamel matrix derivative; FMPS, full-mouth plaque score; GTR, guided tissue regeneration;
mg, milligrams; mm, millimetres; m, months; MWF, Modified Widman flap; NA, not applicable; NR, not reported; OA, occlusal adjustment; OF, open
flap; OHI, oral hygiene instruction; PMPR, professional mechanical plaque removal; PPD, probing pocket depth; PTM, pathologic tooth migration;
RBL, radiographic bone loss; SRG, surgery; SRP, scaling and root planing; w, week; vy, year.

(Cardaropoli et al., 2004) to 2.1 mm ([SD = 0.5 mm]; p = 0.001)
(Corrente et al., 2003).

Root resorption after the orthodontic treatment in periodontitis
patients was reported in a few studies of both anchorage groups. In
the conventional anchorage group, Melsen et al. (1989) found 1 to
3 mm of root resorption in the treated incisors, while Corrente et al.
(2003) reported no resorption of the orthodontically intruded ones.
In the skeletal anchorage group, only one study observed apical root
resorption (Heravi et al., 2011a) that ranged from 0.2 to 0.4 mm.
On the other hand, in healthy patients treated orthodontically, root

resorption was also observed. Harris et al. (1990) (Harris & Baker,
1990) found 1 to 1.5 mm of root resorption and (Zasciurinskiené
et al,, 2018, 2019a, 2019b) found 1.1 to 1.26 mm.

In one study (Melsen et al.,, 1989), crown length variation
(from the incisal edge to the most apical margin of the gingiva at
the level of the intruded incisors) was reported (mean = 1.08 mm;
SD = 1.14 mm).

No information of tooth mobility, tooth loss or implant-related
outcomes (rate of failure, loss of anchorage) was reported in any of

the included studies.
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periodontal
treatment (type of Supportive Self-performed
surgery) periodontal therapy plaque control Other treatments  Timing
During the study Interval between periodontal and
Before the study (months interval) During the study During the Study  orthodontic therapy
GTR (EMD +DFDBA) CS +0OHI (6) NR Forced eruption 1 m after SRG
GTR (EMD +DFDBA) toestablish 4 1 atter SRG
2 mm biologic
GTR (EMD) width 1 m after SRG
MWEF during ortho PMPR (3-6) NR NR Simultaneous perio and ortho
treatment
MWEF before ortho 3-6 m after SRP or SRP +SRG
Yes NR NR Subgingival 6 m after SRG
NR irrigation with
chlorhexidine
GTR NR Tooth brushing NR Immediately after SRG

(bioactive glass
graft +collagen
membrane +diode
laser)

GTR (bioactive glass
graft +collagen
membrane)

APF or GTR (EMD PMPR NR
alone or EMD
+bone graft)

NR NR NR
NR NR NR
NR NR NR
NR NR NR
NR NR NR

3.6 | Assessment of risk of bias

The overall quality of the included studies was evaluated as ‘low’.
Considering the 17 pre-post-intervention studies assessed, none of
them was rated as ‘good’ quality. Eight of them were rated as ‘fair’
(moderate risk of bias), and nine were rated as ‘poor’ (Appendix S11).
According to the NOS scale for cohort studies, three out of three
studies (2 prospective and 1 retrospective) were rated as ‘fair’ qual-
ity (Appendix S12). The only study rated according to ROBINS-I tool,
received an overall assessment of ‘serious’ risk of bias. Detailed in-
formation about each specific domain and complete evaluation can

NR Immediately after SRG
NR 6 m after SRG

NR NA

NR NA

NR NA

NR NR

NR NA

be seen in Appendix S13. The five RCTs included in this review were
assessed using ROB 2.0 tool (Appendix S14). After evaluating the
five domains, the overall bias assessment was ‘high’ for one RCT;
two RCTs were rated as ‘low risk of bias’; and another two were rated
with ‘some concern’.

3.7 | Publication bias

Begg’s test for small-study effects and Egger's linear regression
test, performed for CAL change, showed evidence of publication
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TABLE 5 Data of the orthodontic characteristics, movements and description of the anchorage system in the included studies

Study

Carvalho (2018)

Brown (1973)

Eliasson (1982)

Melsen (1989)

Odman et al.,
(1994)

Re et al., (2000)

Corrente et al.,
(2003)

Cardaropoli et al.

(2004
Re (2004)

Periodontal
groups

Non-Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Orthodontic
duration
(months)
mean (SD)
[range]

18.9 (0.99)
16 (1.56)

[3-4]

[4-16]

[6-18]

17 [4-33]

10 (3.04)
[3-18]

10(2.6)

11.71(2.98)

Timing:
Intervals
between
treatment
phases (perio
previous ortho)

NR

NR

NR

NR

1 w after SRG

NR

1w after
periodontal
treatment

7-10d after
SRG

7-10 d after
SRG

Orthodontic
baseline
malocclusion

NR

PTM

Migration and
mesial
inclination
of the lower
molar into the
edentulous
space

Protrusion and
diastema
of upper

incisors

PTM of incisor
with OB and
0J

Malocclusion:
deep/open/
cross bite,
rotation,
crowding,
inclination of

upper molar

PTM with
malocclusion

Migration and
extrusion of
the upper
anterior teeth

Migration and
extrusion
of an upper
incisor and
diastema

Treatment scope

Intrusion and

alignment

Intrusion and

alignment

Molar Uprighting

Incisor retrusion

Intrusion and

alignment

In/Extrusion,
alignment,
tipping,
rotation,
bodily and
torquing
movement

Intrusion and
alignment

Intrusion and
alignment

Intrusion and
alignment

Type of
appliances

Edgewise
brackets

Edgewise
brackets

Edgewise
brackets
Sectional
arch

Removable
appliances

Edgewise J
Hook
Utility arches
with
high-pull
Intrusion bent
into a loop
Intrusive
arches

Edgewise
brackets

Fixed
appliances
sectional
arch/
intrusive
arch

Fixed
appliances
intrusion
arches and
cantilevers

Fixed
appliances
sectional
arches and
cantilevers

Anchorage

Conventional
or not
conventional

NR

NR

Conventional

NR

Conventional

Skeletal

Conventional

Conventional

Conventional

Type
NR

NR

Sectional arch

NR

J Hook and
high-pull
headgear
Palatal arch

Implants

Lingual or a
palatal arch
posterior
segments

Palatal arche
segments

Palatal arche
posterior
segments
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Orthodontic outcomes

Not conventional Orthodontic index
Changes
baseline-post-
Implants / Implants/ screw orthodontic
Loading Type of Implants/ screws: length and visit n, mean Root Other variables
protocol anchorage screws: Location  Number diameter Index (SD), p-value resorption assessed
NR NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR NR
NA NA NA NA NA NR NR NR Histologic examination
NR NR NR NR NR NR NR NR NR
NA NA NA NA NA Clinical crown 30, 1.08 (1.14), 1-3 mm Visual inspection of
length (mm) NR inall gingival health
cases
Delayed Direct Multiple. At level 1,2 or 3 per Multiple: Tooth 9z-axis: -0.82 NR NR
(3-9 m) of tooth: patient 7,10,15 mm movement*© (1.7) 2D:
14, 15, 16, length 3.05(1.5)
23, 24,25, Diameter NR 3D: 3.9
35, 36, 37, (1.74)
45,46
NA NA NA NA NA NR NR NR Pulp vitality alteration:
none
Compensatory extrusion
of the neighbouring
teeth: none
NA NA NA NA NA Intrusion (mm) 10,2.1(0.5), NR  None Papilla index
NA NA NA NA NA Intrusion (mm) 28, 1.95(0.48), NR Papilla index
NR

(Continues)
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TABLE 5 (Continued)

Study

Cardaropoli et al.,
(2006)

Ghezzi (2008)

Ogihara (2010)

Attia (2012)
(Immediate otho)

Attia (2012)
(Delayed ortho)

Lee et al., (2013)

Ghezzi (2013)

Heravi (2011),
Bayani et al.
(2015)

Cao et al., (2015)

Ogihara (2015)
(EMD+FDBA)

Ogihara (2015)
(EMD+DFDBA)

Ogihara (2015)
(EMD)

Periodontal
groups

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

Periodontitis

MARTIN ET AL.
Anchorage
Timing:
Orthodontic Intervals
duration between
(months) treatment Orthodontic Conventional
mean (SD) phases (perio baseline Type of or not
[range] previous ortho)  malocclusion Treatment scope appliances conventional Type
[4-9] 2 w after SRG PTM with flared Intrusion and Fixed Conventional Cantilevers
anterior teeth alignment appliances
intrusion
arches and
cantilevers
Utility arch
NR 1y after SRG Migration and Alignment and Fixed NR NR
diastema intrusion appliances
1 1 m after SRG NR Extrusion Fixed Conventional  Occlusal metal
appliances bar
NR? Immediately Migration, Intrusion and Fixed Conventional Labial arch
after GTR extrusion and alignment appliances posterior
malocclusion sectional segment
arch
NR? 2 m after GTR Migration, Intrusion and Fixed Conventional Labial arch
extrusion and alignment appliances posterior
malocclusion sectional segment
arch
11.9 [5-20] NR Overerupted Intrusion Partially fixed Skeletal Microscrew
molar edgewise
appliance
9(3.2) 1 m after SRG PTM Intrusion and Fixed NR NR
alignment appliances
(self-
ligation
bracket)
7.7 (4.3 NR Overerupted Molar Intrusion Molar bands Skeletal Microscrew
-11.5] upper first TMA
molar spring
19 NR Migration and Intrusion and Fixed NR NR
extrusion alignment appliances
of upper Utility
anterior teeth arch
1 1 m after SRG Need to extrusion  Extrusion Fixed Mixed Occlusal
due for appliance metal bar
subgingival occlusal Microscrew
caries metal bar
1 1 m after SRG Need to extrusion Extrusion Fixed Mixed Occlusal
due for appliance metal bar
subgingival occlusal Microscrew
caries metal bar
1 1 m after SRG Need to extrusion Extrusion Fixed Mixed Occlusal
due for appliance metal bar
subgingival occlusal Microscrew
caries metal bar

(Continues)
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Not conventional

Orthodontic index

Loading
protocol

NA

NA

NA

NA

NA

NR

NR

Delayed (2
w)

NR

NR

NR

NR

Type of
anchorage

NA

NA

NA

NA

NA

Indirect

NR

Direct

NR

NR

NR

NR

Implants/
screws: Location

NA

NA

NA

NA

NA

Buccal

NR

First upper molar
(buccal &
palatal)

NR

NR

NR

NR

Implants /
screws:
Number

NA

NA

NA

NA

NA

NR

NR

NR

NR

NR

Implants/ screw
length and
diameter

NA

NA

NA

NA

NA

1.2 mm diameter
6 mm length

NR

1,33 diameter
7 mm length

NR

NR

NR

NR

Index

NR

NR

NR

NR

NR

Tooth
movementd

NR

Intrusion (mm)

NR

NR

NR

NR

Changes
baseline-post-
orthodontic
visit n, mean
(SD), p-value

NR

NR

NR

NR

NR

14
1.35(0.48)

NR

102.1(0.9)

NR

NR

NR

NR

Root
resorption

NR

NR

NR

NR

NR

NR

NR

Molar
roots:
Pa: 0.2
(0.2)

Me:0.4
(0.3)

Di: 0.2(0.3)

NR

NR

NR

NR

Other variables
assessed

NR

NR

NR

NR

NR

NR

NR

Patients perception:
Tongue irritation
symptoms

NR

NR

NR

NR
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\A2IBAS periodontology
TABLE 5 (Continued)
Anchorage
Timing:
Orthodontic Intervals
duration between
(months) treatment Orthodontic Conventional
Periodontal mean (SD) phases (perio baseline Type of or not
Study groups [range] previous ortho)  malocclusion Treatment scope appliances conventional Type
Zasciurinskiené Periodontitis 20.30(1.22)  Simultaneous Malocclusion Intrusion and Fixed Mixed Yes/NR
et al. (2018, perio and and flared alignment appliances Microscrew
2019a, 2019b) ortho incisors (self- or implants
(Test) treatment ligation (temporary
bracket) crown)
Zasciurinskiené Periodontitis 21.17(0.88) 3-6 m after SRP  Malocclusion Intrusion and Fixed Mixed Yes/NR
etal. (2018, or SRP+SRG and flared alignment appliances Microscrew
2019a, 2019b) incisors (self- or implants
(Control) ligation (temporary
bracket) crown)
Zhang (2017) Periodontitis 6 6 m after SRG PTM Intrusion and Functional NR NR
alignment Fixed
appliances
Attia (2019) (Laser)  Periodontitis NR® Immediately Migration or Intrusion and Fixed Conventional  Labial arch
after GTR crowding alignment appliances posterior
of anterior sectional segment
teeth arch
Attia (2019) (No Periodontitis NR® Immediately Migration or Intrusion and Fixed Conventional  Labial arch
laser) after GTR crowding alignment appliances posterior
of anterior sectional segment
teeth arch
Aimetti (2020) Periodontitis 18.6 (9) 6m PTM of upper Intrusion and Fixed Conventional  Cantilever
[4 - 36] and/or lower alignment appliances
anterior teeth Cantilever
Harris (1990) Non-Periodontitis 30 (4.2) NA Malocclusion: Alignment Fixed NR NR
Class Il div.1 appliances
(Edgewise
brackets)
Sadiq (2008) Non-Periodontitis 16 (4.2) NA NR NR Fixed NR NR
appliances
Karkhanechi et al., Non-Periodontitis 12 NA NR NR Fixed NR NR
(2013) appliances
(Fixed appliance)
Karkhanechi Non-Periodontitis 12 NA NR NR Aligners NR NR
etal, (2013)
(Removable
aligners)
Rasperini (2017) Non-Periodontitis 9 NA NR Alignment Fixed NR NR
appliances
Zoizner (2018) Non-Periodontitis 33.79 NA NR Alignment Fixed NR NR
(15.97) appliances

Abbreviations: d, day; Di, distal; div, division; mm, millimetres. m, month; Me, mesial; NA, not applicable; NR, not reported; OB, overbite; OJ, overjet;
Pa, palatal; PM, premolars; PTM, pathological tooth migration; SRG, Surgery; SRP, scaling and root planing; TMA, titanium molybdenum alloy; w,
week; y, year.

2Outcomes recorded during orthodontic treatment at 12 months

bOutcomes recorded during orthodontic treatment at 9 months

€z-axis: intrusion (mm), x-y-axis (2D), x-y-z-axis (3D)

97: intrusive (+) and () extrusive movements, X: distobuccal changes, Y: mesiodistal changes
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Orthodontic outcomes
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Not conventional

Orthodontic index

Loading
protocol

NR

NR

NR

NA

NA

NA

NR

NR

NR

NR

NR

NR

Type of
anchorage

Direct &
indirect

Direct &
indirect

NR

NA

NA

NA

NR

NR

NR

NR

NR

NR

Implants/
screws: Location

NR

NR

NR

NA

NA

NA

NR

NR

NR

NR

NR

NR

Implants /
screws:
Number

NR

NR

NR

NA

NA

NA

NR

NR

NR

NR

NR

NR

Implants/ screw
length and
diameter

NR

NR

NR

NA

NA

NA

NR

NR

NR

NR

NR

NR

Index

Angle class

Angle class

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Changes
baseline-post-
orthodontic
visit n, mean
(SD), p-value

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Root
resorption

1.10(0.94
-1.28)

1.26 (1.07
- 1.4¢6)

NR

NR

NR

NR

1.0 -
1.5 mm
of root
length
NR

NR

NR

NR

NR

Other variables
assessed

NR

NR

Cytokines (IL-1b, 5,
6, 8; TNFx; PGE2;
hs-CRP)

NR

NR

NR

Teeth erosion

NR

NR

NR

Periodontal biotype

NR
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(Continued)

TABLE 7

95% PI

95% Cl

,2

n patients ME Lower Upper Lower Upper p

n study

Categories

Subgroups

Outcomes

<0.001
<0.001
<0.001

-4.63 10.14 <0.001 100.0
18.29
13.85

4.74
2.72

4.

0.77
0.01
3.23

2.76
1.36
4.00

112

Overall

RBL changes

96.3

0.049
<0.001

-15.57
-5.85

38

<2 weeks
1-2m

Interval periodontal

(mm)

99.2

76

74

& orthodontic

therapy

<0.001
<0.001

NA

NA
0.62
NA

1.82
4.58
0.06
2.72

4.

0.89
3.17
-0.02

1.35
3.88
0.02

10
77

Non-regenerative

Type of surgery

<0.001

98.8

7.14
NA

Regenerative

0.317

25

1

Non-regenerative (during ortho)

<0.001
<0.001

96.3

0.049
<0.001

18.29
13.85
NA

-15.57
-5.85
NA

0.00

1.361
4.00
2.15
3.01

38

Intrusion

Type of ortho

MARTIN ET AL.

99.2

76

3.23
0.38
0.57

74
13
99

Extrusion

movement

0.01
<0.001

85.0

100.0

0.017

3.92
5.44

Conventional
Mixed

Type of anchorage

0.015

14.95

Abbreviations: CAL, clinical attachment level; Cl, confidence interval; 12, heterogeneity; ME, mean effect; mm, millimetres; m, months; NR, not reported; PPD, probing pocket depth; RBL, radiographic bone

loss; REC, recession.

-8.94

bias (p = 0.041 and p = 0.013, respectively). Visual inspection of
the funnel plot showed 18 comparisons coming from 14 stud-
ies, in which an asymmetric pattern can be observed, suggesting
that only studies with small sample size and positive results were
published.

Post hoc sensitivity analysis was performed excluding studies
one by one from the global estimation. No significant difference in
the global estimator was found after excluding each study. However,
after an overall visual analysis of the distribution of the specific es-
timators of each publication, it could be clearly observed that the
results from (Zasciurinskiené et al., 2018, 2019a, 2019b) did not fol-
low the same pattern, which might be attributed to methodologi-
cal differences (general vs local location, resective vs regenerative
surgeries). Therefore, CAL change within the established subgroup
was calculated with (n = 11; ME = 3.523 mm; 95% CI [2.353; 4.693];
p < 0.001) and without this study (n = 9; ME = 4.209 mm; 95% Cl
[3.614; 4.803]; p < 0.001).

The quality of the evidence was assessed using the GRADE ap-
proach. According to the GRADE guidelines, case series and case
reports that investigate only patients exposed to an intervention
provide low-quality evidence. The lack of a control group down-
grades from low to very low-quality evidence. Appendix S15 shows
that considering the periodontal variables reported in the included
studies, the quality of the evidence was very low for all of them.

4 | DISCUSSION

This systematic review has demonstrated that (1) existing evidence
on the orthodontic treatment of patients with previous severe
periodontitis is very limited and of poor quality; being mostly pre-
post-case series (with no control group) with high risk of bias; (2) in
patients without periodontitis or with stable treated periodontitis
(baseline measurements given after periodontal therapy), minimal
changes in CAL, PPD or BOP were reported during orthodontic
therapy (p > 0.05); (3) in periodontitis patients with baseline meas-
urements reported before periodontal therapy, a significant CAL
gain and PPD reduction was observed; (4) in this latter group of pa-
tients, the highest CAL gain was observed for conventional anchor-
age; (5) orthodontic outcomes were scarcely reported and objective
assessment of the results on orthodontic therapy were missing.

4.1 | Effects of orthodontic therapy on periodontal
outcomes (PICO #1)

Although there are previous narrative reviews explaining the ef-
fects of orthodontic therapy on periodontitis patients (Geisinger
et al., 2014; Gyawali & Bhattarai, 2017; Ong & Wang, 2002), recent
systematic reviews have mainly dealt with periodontally healthy
participants, including only adolescents or specifically excluding
advanced periodontitis cases (stage IV periodontitis) (Bollen et al.,
2008; Cerroni et al., 2018; Gkantidis et al., 2010; Jiang et al., 2018;
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Lu et al., 2018; Papageorgiou & Eliades, 2019; Papageorgiou et al.,
2018; Rossini et al., 2015; Verrusio et al., 2018). Therefore, to our
knowledge, this is the first systematic review dealing with periodon-
tal outcomes in adult periodontitis patients, limiting a direct com-
parison with other studies.

Our results from non-periodontitis and periodontitis patients
where periodontal outcomes were measured after periodontal ther-
apy (stable treated periodontitis cases) (Chapple et al., 2018), are in
line with the results published in the above mentioned systematic
reviews; demonstrating that orthodontic treatment in participants
with gingival health had little to no clinically relevant effect on CAL
or PPD changes. It is important to note that some of the studies in-
cluded in those systematic reviews were not included in this manu-
script due to differences in the inclusion criteria, mainly mean age
218 years old and follow-up longer than 6 months from baseline.

Studies with periodontitis patients where periodontal outcomes
were reported before periodontal therapy, and therefore, represent-
ing untreated periodontitis cases (Chapple et al., 2018) showed a
mean CAL gain (mm) (ME = 3.523; 95% Cl [2.353; 4.693]; p < 0.001)
and a PPD reduction (mm) (ME = 3.466; 95% Cl [2.630; 4.303];
p < 0.001) after orthodontic treatment, which are markedly positive
effects. These results could be compared with those coming from
the periodontal literature (before and after periodontal therapy). As
it can be observed, the obtained results are even better than those
reported in a recent systematic review (Sanz-Sanchez et al., 2020), in
which access flap surgery in all type of periodontal defects (including
intrabony defects) was performed, obtaining a significant CAL gain
(ME = 1.31 mm; 95% CI [0.90; 1.71]; p < 0.001) and PPD reduction
(ME = 2.94 mm; 95% Cl [2.76; 3.13]; p < 0.001). Other systematic
reviews dealing with resective surgery in furcation areas (Dommisch
et al., 2020) or regenerative therapy in intrabony defects (Nibali et al.,
2019), reported mean differences or survival rates instead of ME; and
therefore, data could not be compared. However, it has to be consid-
ered that many of the studies included in the MA where related to
assessment of improvement in CAL related to a vertical bone defect.

Regarding the best moment to apply orthodontic forces in
periodontitis patients, three main time points were found in the
literature: less than 2 weeks, 1-2 months or more that 3 months
after periodontal surgeries. The best results were observed when
the active force was applied 2 months after the patients were
periodontally controlled. The optimal timing of active orthodon-
tics after regenerative therapy was not quantitatively analysed in
this review, since studies reported data in different ways. In some
of the included studies (Aimetti et al., 2020; Ghezzi et al., 2008)
orthodontic treatment was postponed for 1 year to avoid inter-
ference with periodontal wound healing. However, other reports
suggested that orthodontic therapy may be initiated much earlier
(Attia et al., 2019; Cardaropoli et al., 2006; Ghezzi et al., 2008;
Ogihara & Tarnow, 2015; Ogihara & Wang, 2010), suggesting that
there might be a significant positive effect of additional orthodontic
tooth movements after regenerative therapy compared to regener-
ative therapy alone. In a CCT with 15 patients, Attia et al. (2012) in
which immediate orthodontic therapy was compared to a delayed

97
EEE ey

approach, a more favourable regenerative outcome was observed
when the active movement was performed immediately after the
surgical therapy. There was even one RCT (Zasciurinskiené et al.,
2018, 2019a, 2019b) that included periodontitis patients treated
during or before orthodontic therapy, and whose rationale was
to compare the application of orthodontic forces before or after
periodontal therapy. However, it is important to consider, that they
reported CAL changes attributed to periodontal therapy from loca-
tions with CAL>=4mm were lower than those previously published
(Sanz-Sanchez 2020). This might indicate a limited impact of the
periodontal therapy in the periodontal outcomes, which would be
in contrast with the recent clinical guidelines (Sanz et al., 2020), and
therefore, caution should be taken when analysing them.

When considering the type of orthodontic appliances, in all of
the included studies fixed appliances were used; and therefore,
no comparisons could be made. However, there was one study
(Karkhanechi et al., 2013) in which a comparison between fixed and
removable appliances was performed in non-periodontitis patients.
As they reported in the results, the treatment with fixed buccal or-
thodontic appliances was associated with a worsen periodontal con-
dition when compared to treatment with removable aligners, which
is in agreement with previous systematic reviews results (Jiang et al.,
2018; Lu et al., 2018).

4.2 | Orthodontic outcomes in periodontitis
patients with skeletal anchorage (PICO #2)

Regarding the efficacy of skeletal anchorage in the orthodontic re-
sults of periodontitis patients, very few studies reported separate
data for patients with and without skeletal anchorage used dur-
ing OTM. Many studies mentioned the use of implants or TADs as
anchorage for some tooth movements, but results were mixed for
both types of patients. Intrusion was the most commonly reported
outcome, but no comparison could be made since the conven-
tional group reported intrusion of incisors (Cardaropoli et al., 2004;
Corrente et al., 2003) and the skeletal group reported intrusion of
molars (Heravi et al., 2011b; S. J. Lee, Miyazawa, et al., 2013). Due to
anatomical differences (one versus three roots), the comparison of

these results could not be performed.

4.3 | Limitations

It is important to consider the limitations associated with the pre-
sent study, which involved: (1) scarcity of the existing evidence
and the broadness of the research question, as RCTs, CCTs,
prospective or retrospective clinical cohort studies or case se-
ries studies with pre- and post-treatment measures with at least
6 months of total duration follow-up were included. These implied,
that direct mean differences comparing periodontitis and non-
periodontitis patients could not be done; (2) scarce information
regarding orthodontic outcomes for the PICO #2 question, and
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whose results were finally combined with those from PICO #1; (3)
wide variability in terms of periodontitis definitions (from mainly
localized defects, to more generalized cases), periodontal therapy
(SRP, non-regenerative or regenerative surgeries), periodontal
outcomes measurements (from localized teeth to full-mouth ap-
proaches) and time of baseline periodontal outcomes collection
(before or after periodontal therapy); (4) in meta-analyses, each
arm of an included RCT or CCT was considered as an independent
study and combined with case series to determine mean effects
before and after OTM; and (5) heterogeneous clinical and statisti-
cal responses among studies were seen for most outcomes in the
analyses, which is to be expected due to the wide spectrum of
baseline severity / appliances / clinical protocols.

Therefore, and based on the studies included in this review, we
conclude that, in non-periodontitis and in stable treated periodonti-
tis patients, OTM had no significantimpact on periodontal outcomes.
Several studies on untreated periodontitis patients, that provided a
baseline before a combined periodontal and orthodontic therapy re-
ported significant improvements in periodontal outcomes. Thus, it
may be assumed that these improvements were mainly due to the
periodontal treatment component and that the orthodontic tooth
movement did not interfere with periodontal healing.

However, due to the small number of studies and poor design of
many of them, conclusions drawn from this review should be taken

with caution.

4.4 | Implications for research

Future cohort studies with low risk of bias comparing orthodontic
therapy in periodontitis and non-periodontitis patients, and ad-
dressing orthodontic (results of treatment and type of anchor-
age) and periodontal outcomes in three time points (before any
therapy, after periodontal therapy and after orthodontic therapy)
are desired.

4.5 | Implications for clinical practice

- Existing evidence on the orthodontic treatment of patients
with severe periodontitis is very limited and of poor quality.

- Orthodontic therapy can be safely performed in treated peri-
odontitis patients

- However, the optimal treatment protocol regarding time interval
between orthodontic and periodontal therapies is not clear.

- There seems to be no evidence of added benefits on periodontal
parameters from any type of anchorage devices used during or-
thodontic therapy.
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