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ABKURZUNGEN

AIT Antiinfektiose Therapie

BOP Bleeding on Probing | Blutung auf Sondieren

CA Clear Aligner

CAL Clinical Attachmentlevel | Klinisches Attachmentniveau

CALg Clinical Attachment level gain | Gewinn an klinischem Attachmentniveau

CM Collagen Membrane | Kollagenmembran

DBBMc Collagenous Deproteinized Bovine Bone Mineral | Deproteinisiertes kollagenes bovines

Knochenmineral

EMD Enamel Matrix Derivative | Schmelz-Matrix-Proteine

FMBS Full Mouth Bleeding Score | Vollstdndiger Blutungs Index

FSPL Final Splinting | Abschluss der kieferorthopédischen Therapie
GOHAI General oral health assessment index

GTR Guided Tissue Regeneration | Gesteuerte Geweberegeneration

KFO-Therapie Kieferorthopadische Therapie

PC Pocket Closure | Taschenelimination

PI Plaque Index | Plaqueindex

PMPR Professionelle mechanische Plaguereduktion

PPD Periodontal Probing Depth | parodontale Sondierungstiefe

PPDr Reduction of Periodontal Probing Depth | Reduktion der Sondierungstiefen
PTM Pathologic Tooth Migration | pathologische Zahnwanderung

PROMs Patient-Reported Outcome Measures | Ergebnisse aus Patientenangaben
OHrQol Oral Health related Quality of Life | Mundgesundheitsbezogene Lebensqualitit
rBL Radiographic Bone Level | radiologisches Knochenniveau

rBLg Radiographic Bone Level Gain | Gewinn an radiologischem Knochenniveau
UPT Unterstitzende Parodontitistherapie



2. EINLEITUNG

Parodontitis im Stadium IV ist charakterisiert durch einen dhnlichen Schweregrad an parodontalem
Attachmentverlust, parodontale Entziindung und vertikale Knochendefekte wie Parodontitis im
Stadium Il (Papapanou et al, 2018). Allerdings erfordert die Therapie der Parodontitis im Stadium
IV aufgrund von pathologischer Zahnwanderung (PTM) (Brunsvold, 2005) - gekennzeichnet durch
Elongationen, Aufficherungen und Lickenbildungen in Verbindung mit sekunddrem okklusalem
Trauma, Bisskollaps durch Verlust der posterioren Abstitzung und mastikatorische Dysfunktion

mit sekunddrem okklusalem Trauma und Zahnbeweglichkeit > Grad 2 - und/oder Verlust von

funf oder mehr Zahnen eine komplexe interdisziplindre Rehabilitation (s. Abbildung I).

Parodontitis Stadium Stadium | Stadium Il Stadium Il Stadium IV
STAGING
Interdentaler 1-2 mm 3-4 mm 25mm 25mm
CAL an der Stelle
mit dem gréBRten
Verlust
Schwere- Réntgenologi- Koronales Koronales Drit- | Mittleres bis apikales | Mittleres bis apikales Drittel
grad scher Knochen- | Drittel (< tel (15-33 %) Drittel
abbau 15 %)
Zahnverlust Kein Zahnverlust aufgrund von Zahnverlust aufgrund | Zahnverlust aufgrund von Parodonti-
Parodontitis von Parodontitis von | tis von 2 5 Zdhnen
< 4 Zéhnen
Maximale Maximale Son- | Zusatzlich zur Zusatzlich zur Komplexitit des Stadi-
Sondierung- dierungstiefe Komplexitat des Sta- | um lll:
stiefe <4 mm | 4-5mm dium II:
Notwendigkeit einer komplexen, inter-
Vorwiegend Vorwiegend Sondierungstiefe disziplindren Rehabilitation aufgrund
horizontaler horizontaler > 6mm von:
Knochenab- Knochenabbau
bau Vertikaler Knochen- Mastikatorischer Dysfunktion
Komplexitat | Lokal abbau 2 3mm Sekundirem okklusalen Trauma
Furkationsbefall Grad | (Zahnbeweglichkeit > Grad 2)
Il oder Il
Ausgepragtem Kammdefekt
Moderater Kamm- Verlust der Bisshéhe, Zahn-
defekt wanderungen, Aufficherung der Front
Weniger als 20 Restzahne mit 10
okkludierenden Paaren
Ausdeh- Wird zur genau- | Fiir jedes Stadium Ausdehnung als lokalisiert (< 30 % der Zihne), generalisiert oder als-
nung und eren Beschrei- Molaren/Inzisiven Muster beschreiben
Verteilung | bung des Sta-
ging verwendet

Abb. |: Kiassifikation der Parodontitis des World Workshop 2017 auf Basis von Erkrankungsstadien, definiert durch

Schweregrad (interdentaler klinischer Attachmentverlust, réntgenologischer Knochenabbau und Zahnverlust) Komplexitit,

Ausdehnung und Verteilung (Papapanou et al. 2018)

Eine alleinige Behandlung der Parodontitis im Stadium IV, d.h. Therapiestufen |-3 (Sanz et al, 2020),
ist nicht ausreichend, um Funktion und Asthetik sowie Lebensqualitit der Patienten

wiederherzustellen. Wird keine addquate interdisziplindre Behandlung der Parodontitis Stadium



IV durchgeflhrt, so flhrt dies zu weiteren parodontalen Attachmentverlusten bis hin zum Verlust

der gesamten verbleibenden Dentition.

Die kirzlich erschienene S3-Leitlinie fur die Therapie der Parodontitis im Stadium IV (Herrera et
al, 2022) definiert als konkretes Ziel maximalen Zahnerhalt und Erhalt der geschlossenen
Zahnreihe fur die Behandlung dieses komplexen Krankheitsbildes. Eine der haufigsten klinischen
Szenarien ist der Falltyp 2 gekennzeichnet durch pathologische Zahnwanderungen,

Aufficherungen, Lickenbildungen sowie Elongationen (Herrera et al, 2022) (s. Abbildung 2a).

Abb. 2a: Parodontitis Stadium IV mit pathologischer Zahnwanderung (PTM): klinisches Bild und radiologischer Befund



Pathologische Zahnwanderungen mit sekunddrem okklusalem Trauma haben eine hohe Pravalenz
von 91,3 % bei Parodontitis im Stadium IV, wobei die Oberkieferdentition mit 74% haufiger
betroffen ist als die Unterkieferdentition mit 60% (Zas¢iurinskiené et al, 2023a).

Haufig werden Patienten mit pathologischer Zahnwanderung aufgrund von Parodontitis im
Stadium IV nicht Uber die Mdglichkeit kieferorthopddischer Behandlung bei Erwachsenen
informiert (Hirschfeld et al, 2019). Stattdessen werden umfangreiche Extraktionen und Ersatz durch
zahn- oder implantatgetragenen Zahnersatz als einzige Therapiealternative vorgeschlagen.
Hingegen ist nach heutigem Wissensstand implantatgetragener Ersatz bei Parodontitispatienten
mit einem deutlich erhdhten Risiko fir Perimplantitis verbunden (Carra et al, 2022, Montero et dl,
2022).

Patienten mit diesen dsthetischen und funktionellen Beeintrdchtigungen sind an einer
kieferorthopadischen Therapie interessiert (s. Abbildung 2b). Der Wunsch nach Zahnerhalt und
Verbesserung der Asthetik sind fir diese Patienten die Hauptmotive fiir eine kieferorthopidische
Therapie (Hirschfeld et al, 2019). Je besser Patienten Uber ihre Parodontalerkrankung aufgeklart
sind, desto grof3er ist das Interesse der Patienten an einer kieferorthopddischen Therapie

(Zastiurinskiené et al, 2023b).

Abb. 2b: Parodontitis Stadium IV mit PTM: klinische Situation bei Beginn der kieferorthopédischen
Therapie mit Multibandapparatur in situ



Lange Zeit wurde in der Literatur diskutiert, ob eine kieferorthopddische Therapie bei
Parodontitispatienten Auswirkung auf die parodontale Gesundheit hat (Sanders, 1999, van Gastel et
al, 2007, Gkantidis et al, 2010). Bereits frihe Tierstudien haben gezeigt, dass kieferorthopddische
Zahnbewegung bei unkontrollierter parodontaler Entziindung zu einem weiteren Fortschreiten
der parodontalen Zerstérung und Attachmentverlust fihrt (Wennstrém et al, 1993). Die negative
Auswirkung parodontaler Entzindung bei gleichzeitiger kieferorthopadischer Zahnbewegung
wurde auch in spdateren Tiermodellen bestatigt (Kirschneck et al, 2017, Schréder et al, 2021, Rath-
Deschner et al, 2022). Ist die parodontale Entzindung hingegen kontrolliert, ist es auch bei
Parodontitispatienten mdoglich, Defekte zu rekonstruieren und pathologisch gewanderte Zdhne
durch kieferorthopddische Therapie wieder in die Zahnreihe einzuordnen (Cardaropoli et al, 2001,
Corrente et al, 2003, Re et al, 2000, Sanz & Martin, 20/5).

Daher ist bei Parodontitis Stadium IV die gleiche Therapiesequenz entsprechend der Leitlinie fur
die Therapie der Parodontitis im Stadium I-lll (Sanz et al, 2020) durchzufihren, allerdings unter
spezieller Beriicksichtigung der Komplexitdt des Krankheitsbildes von Parodontitis im Stadium V.
Die Rehabilitation der Funktion, Aufhebung der Bisssenkung und Behandlung des sekundéren
okklusalen Traumas mussen von Beginn der Therapie geplant und in die Therapiestufen |-3
integriert sowie kontinuierlich reevaluiert werden.

Wie bei der Therapie der Parodontitis im Stadium I-lll ist es erforderlich, dass der Patient in
Therapiestufe | Uber sein Krankheitsbild aufgekldrt und motiviert wird, Verhaltensmuster zu
dndern, Risikofaktoren wie Rauchen und Einfluss systemischer Erkrankungen kontrolliert und eine
professionelle mechanische Plaquereduktion (PMPR) durchgefihrt werden. Die Aufklarung des
Patienten Uber Risiken und Nutzen der Therapie soll bei Parodontitis im Stadium [V unter
Berlcksichtigung des maximalen Zahnerhaltes und Erhalt der geschlossenen Zahnreihe erfolgen.
Insbesondere soll herausgestellt werden, dass die Unterlassung einer addquaten Therapie keine

Therapieoption darstellt und zum Verlust der gesamten verbliebenen Dentition flhren kann.



Auch parodontal stdrker vorgeschddigte Zdhne mit zundchst fraglicher Prognose sollen daher
wahrend Therapiestufe |-3 erhalten und frihzeitige Extraktion vermieden werden. Regelméllige
Reevaluationen der parodontalen Befunde, Remotivation der Patienten und Kontrolle der
Risikofaktoren sind bei Patienten mit Parodontitis im Stadium IV von besonderer Bedeutung fur
eine erfolgreiche Parodontitistherapie, die als Voraussetzung fir den Beginn der
kieferorthopadischen Zahnbewegung erforderlich ist.

Ergdnzend ist aufgrund der Komplexitdt der Therapie von Parodontitis im Stadium IV, Falltyp 2
ein frihzeitiges kieferorthopadisches Konsil wadhrend Therapiestufe 2 indiziert, um einen
gemeinsamen personalisierten interdisziplindren Behandlungsplan abzustimmen. Der Schweregrad
und die Art des parodontalen Attachmentverlustes -horizontaler Attachmentverlust oder
vertikale Knochendefekte- bestimmen die therapeutische Sequenz der parodontalen Therapie
(Therapiestufe 2 und 3) sowie die Art der kieferorthopddischen Zahnbewegung. Aufgrund des
nach apikal verschobenen Widerstandszentrums im parodontal reduzierten Gebiss mussen die
kieferorthopadischen Krdfte dosiert eingesetzt und insbesondere intrusive kieferorthopadische

Zahnbewegungen elongierter Zahne sorgfdltig geplant werden.

Systematische Reviews zeigten, dass bei erfolgreich behandelten Parodontitispatienten keine
Klinisch relevanten Auswirkungen auf Sondierungstiefen (PPD), klinisches Attachmentniveau
(CAL) und Bluten auf Sondieren (BOP) durch kieferorthopddische Zahnbewegung mit
Multibandapparaturen im Vergleich zu parodontal gesunden Patienten beobachtet werden

konnten (Bollen et al, 2008, Martin et al, 2022, Papageorgiou et al, 2018 und 2022).

Haufig sind jedoch bei Patienten mit Parodontitis im Stadium IV aufgrund vertikaler
Knochendefekte nach parodontaler Therapie die geforderten Endpunkte (keine Stellen mit
Sondierungstiefen von 5 mm und BOP und keine Sondierungstiefen >6 mm (Sanz et al, 2020)) fur

den Beginn einer kieferorthopddischen Therapie nicht erreicht (Herrera et al, 2022) und



regenerative  parodontalchirurgische MafBBnahmen werden erforderlich. Die Effektivitdt
regenerativer Verfahren bei vertikalen Knochendefekten ist belegt und zu einem etablierten

Therapieverfahren bei Parodontitis im Stadium Ill geworden wie Langzeitstudien zeigen (Sculean
et al, 2008, Cortellini & Tonetti, 2015, Cortellini et al, 2017, Bréseler et al, 2017, Nibali et al, 2020, Sanz et

al, 2020, Stavropoulos et al, 2021). Selbst als ,,hoffnungslos™ geltende Zdhne kdnnen langzeitstabil
erhalten und deren Prognose in ,glinstig" umgewandelt werden (Cortellini et al, 2017 und 2020,
Tietmann et al, 2023b). Gleichzeitig sind die langfristigen Gesamtkosten flr regenerativ therapierte
Zdhne niedriger als fur implantologischen Ersatz der Zahne (Cortellini et al, 2020).

Die Kombination regenerativer parodontalchirurgischer  Therapie mit anschlieBender
kieferorthopadischer Zahnbewegung bei Parodontitis Stadium [V hingegen war nur in
Fallberichten (Re et al, 2000, Cardaropoli et al, 2001 und 2006; Jepsen et al, 2015) oder Fallserien

(Ghezzi et al, 2008 und 2013, Rocuzzo et al, 2018, Aimetti et al, 2020) beschrieben worden.

Histologische Untersuchungen in Tierstudien bei der Ratte zeigten, dass kieferorthopadische
Zahnbewegungen in  Knochendefekte hinein einen ,stimulierenden” Effekt auf die
Knochenneubildung haben kénnen (Vardimon et al, 2001, Nemcovsky et al, 2004) oder in Verbindung
mit dem Einsatz regenerativer Materialien die parodontale Regeneration verbessemn. So konnten
Diedrich et al. (2003) im Tiermodell histologisch nachweisen, dass die Verwendung von
Schmelzmatrixproteinen und anschlie3ender kieferorthopddischer Zahnbewegung zu einer 70-
80% hoheren Zementogenese und Osteogenese sowie Ausbildung Sharpey ‘scher Fasern fuhrt
und so die Ausbildung eines langen Saumepithels verhindert. In gleicher Weise wurde in einer
Tierstudie gezeigt, dass der Einsatz von bovinem Knochenersatzmaterial (DBBMc) in intraossaren
Defekten die kieferorthopddische Zahnbewegung nicht behindert (Araujo et al, 2001).

Fine Ubertragung der Erkenntnisse aus Tierstudien beziiglich der Wechselwirkungen zwischen
kieferorthopadischer und parodontaler Therapie auf den Menschen ist nicht immer einfach

maoglich. Art der parodontalen Therapie und der Zeitpunkt des Beginns der kieferorthopddischen



Zahnbewegung nach Parodontitistherapie sowie die Auswirkungen auf die parodontalen
Gewebe waren lange Zeit unzureichend untersucht (Gorbunkova et al, 2016, Zastiurinskiené et dl,
2016). Einige Autoren warteten den Endpunkt der parodontalen Wundheilung nach regenerativer
Therapie ab und erzielten mit einem verzdgerten Beginn der kieferorthopadischen Therapie (6-
|2 Monate) gute Ergebnisse (Ghezzi et al, 2008, Jepsen et al, 2015, Roccuzzo et al, 2018, Aimetti et dl,
2020). Andere Studien zeigten hingegen, dass ein friher Beginn der kieferorthopddischen
Therapie — unmittelbar oder bis zu drei Monate nach regenerativer Therapie — mdglich ist und zu
keinen ungtnstigen Nebenwirkungen fuhrt (Cardaropoli et al, 2001 und 2006, Ogihara & Wang, 2010,
Attia et al, 201 2a, Ghezzi et al, 201 3). DarUber hinaus vermuteten die Autoren sogar, dass moglichst
frihe kieferorthopddische Zahnbewegungen die parodontale Wundheilung stimulieren k&nnten
wie histomorphometrische Untersuchungen einer Tierstudie (Attia et al, 201 2b) zeigten. Allerdings
handelt es sich bei diesen Berichten um Fallserien mit geringer Anzahl von Patienten und Defekten

sowie einer kurzen Nachbeobachtungszeit (<12 Monate).

Patienten mit schwerer Parodontitis nehmen dieses Krankheitsbild als starkere Beeintrachtigung
ihrer Mundgesundheitsbezogenen Lebensqualitdit (OHrQol) wahr als Patienten mit einem
geringeren Schweregrad der Parodontitis (Needleman et al, 2004, Aslund et al, 2008, Buset et al, 2016,
Ferreira et al, 2017). Besonders pathologische Zahnwanderung, Aufficherungen, Lickenbildungen
und Elongationen in Verbindung mit Bisssenkung und mastikatorischer Dysfunktion stellen fur
diese Patienten dsthetische und funktionelle Beeintrachtigungen dar und sind Hauptmotive fur
eine kieferorthopddische Therapie (Hirschfeld et al, 2019). Ebenso wird Zahnerhalt durch eine
regenerative Parodontitistherapie und langfristige unterstitzende Parodontitistherapie (UPT) von

den Patienten positiv bewertet (Franke et al, 2015).

Der Fokus der vorliegenden Arbeit war die Fragestellung, ob die kombinierte, regenerativ-

parodontalchirurgische und kieferorthopddische Therapie bei Patienten mit Parodontitis im



Stadium IV und pathologischer Zahnwanderung erfolgreich und langzeitstabil m&glich ist. Daher
wurden die beiden ersten Studien anhand einer grof3en Patientenkohorte in einer
parodontologischen Fachzahnarztpraxis durchgefuhrt. Die in diese beiden retrospektiven Studien
eingeschlossenen Patienten wurden im Zeitraum von 2001-2010 mit der kombinierten Therapie
behandelt.

Der optimale Zeitpunkt des Beginns der kieferorthopddischen Zahnbewegung nach regenerativer
Parodontalchirurgie war in der Vergangenheit unklar. Daher war es eine der zentralen
Fragestellungen im Rahmen einer prospektiven randomisierten multizentrischen Studie, ob ein
friher oder spater Beginn der kieferorthopddischen Therapie nach regenerativer Therapie von
Vorteil sei. In gleicher Weise sollte im Rahmen dieser prospektiven, multizentrischen Studie die
Auswirkung auf die Mundgesundheitsbezogene Lebensqualitit (OHrQol) der Patienten mit
Parodontitis Stadium IV untersucht werden.

Da der Einsatz festsitzender kieferorthopddischer Multibandapparaturen bei erwachsenen
Patienten hdufig mit dsthetischen und funktionellen Beeintrdchtigungen verbunden ist, sollte in
einer weiteren retrospektiven Studie Uberprift werden, ob alterativ auch durch den Einsatz von
kaum sichtbaren kieferorthopadischen ,Clear Alignem" die kombinierte, regenerativ-
parodontalchirurgische und kieferorthopéddische Therapie bei Patienten mit Stadium [V
Parodontitis zur Einordnung und Stabilisierung von Zdhnen mit pathologischer Zahnwanderung

(PTM) moglich ist.



3. ERGEBNISSE

3.1 Tietmann C, Broseler F, Axelrad T, Jepsen K, Jepsen S. Regenerative periodontal surgery
and orthodontic tooth movements in stage IV periodontitis: A retrospective practice-based

cohort study. | Clin Periodontol 202 1;48(5):668-678. doi: 10.1 | | |/jcpe.|3442.

Zielsetzung der Arbeit

Frihere Fallberichte und Fallserien mit zumeist wenigen Patienten konnten zeigen, dass
pathologisch  gewanderte Zdhne durch die Kombination von parodontaler und
kieferorthopaddischer Therapie wieder in die Zahnreihe eingeordnet und Knochendefekte
rekonstruiert werden kdnnen. Ziel dieser retrospektiven Studie war es, die Wirksamkeit der
kombinierten  regenerativ-parodontalchirurgischnen  Therapie intraossdrer Defekte mit
anschlieBender kieferorthopddischer Zahnbewegung auch in einer grof3en Kohorte von

Patienten mit Stadium IV Parodontitis und PTM zu untersuchen.

Methoden und Ergebnisse

Achtundvierzig Patienten mit Stadium IV Parodontitis und pathologischer Zahnwanderung (PTM)
mit insgesamt 526 intraossaren Defekten wurden nach erfolgreicher antiinfektidser Therapie (AIT)
parodontalchirurgisch regenerativ. mit DBBMc mit oder ohne CM oder EMD in einer
parodontologischen Facharztpraxis therapiert. Bereits wahrend Therapiestufe | und 2 wurde ein
friihzeitiges kieferorthopddisches Konsil zur interdisziplindren Therapieplanung eingeholt. Drei
Monate nach regenerativer Parodontalchirurgie wurde die kieferorthopddische Zahnbewegung
mittels Multibandapparatur zur Einordnung der Zihne mit PTM begonnen. Patienten- und
Defektcharakteristika sind der Tabelle | der zugrundeliegenden Publikation zu entnehmen. Die
Verdnderung des radiologischen Knochenniveaus (rBL) und der Sondierungstiefen (PPD) nach
einem Jahr und nach bis zu vier Jahren wurden nachuntersucht. Ein Jahr nach regenerativer
Therapie wurde ein mittlerer radiologischer signifikanter Knochengewinn (rBL change) von 4,67
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+ 2,5mm beobachtet, der auch bis zu vier Jahre postoperativ stabil blieb. Die Sondierungstiefen
(PPD) wurden signifikant von 6,00 + 2,09mm zu Beginn der Therapie auf 3,45 + [,2mm ein Jahr
postoperativ reduziert. In 87% aller Defekte konnten pathologische Sondierungstiefen >4 mm
(PPD) eliminiert werden. Rauchen und der FMPS zum Zeitpunkt ein Jahr nach regenerativer
Parodontalchirurgie hatten statistisch signifikanten Einfluss auf die Ergebnisse. Einzelheiten der

Ergebnisse sind in Tabelle 2, 3 und 4 der zugrunde liegenden Originalpublikation aufgefihrt.

Schlussfolgerung

Das Hauptergebnis dieser Studie ist, dass die kombinierte regenerativ-parodontalchirurgische
Therapie mit anschlie3ender kieferorthopadischer Zahnbewegung bei Patienten mit Parodontitis
Stadium IV und PTM zu deutlichen radiologischen Knochengewinnen und Taschenreduktionen
fuhrt. Das geringe Ausmal3 an Zahnverlusten von 0.57% bei der groB3en Defektanzahl und
Patientenkohorte belegt die Vorhersagbarkeit dieser kombinierten Therapie bei Parodontitis

Stadium IV und PTM unter den Bedingungen einer spezialisierten Fachzahnarztpraxis.
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Abstract

?Private Practice, Cologne, Germany Aim: Evaluation of the effectiveness of regenerative treatment of intra-bony defects in
3Department of Periodontology,
Operative and Preventive Dentistry,

University of Bonn, Bonn, Germany

combination with consecutive orthodontic tooth movements in stage IV periodontitis.
Material and methods: A total of 526 intra-bony defects in 48 patients were analysed
after regenerative therapy using collagen-deproteinized bovine bone mineral with
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or without collagen membrane or enamel matrix derivative followed by orthodontic
tooth movement initiated 3 months after surgery. Changes in radiographic bone levels
(BL) and probing pocket depths (PPD) were evaluated after 1 year and up to 4 years.
Results: Tooth loss amounted to 0.57%. Mean BL gain was 4.67 mm (2.5 mm) after
1 year and 4.85 mm (+2.55 mm) after up to 4 years. Mean PPD was significantly re-
duced from 6.00 mm (+2.09 mm) at baseline to 3.45 mm (+1.2 mm) after 1 year, and to
3.12 mm (+1.36 mm) after 2-4 years. Pocket closure (PPD <4 mm) was accomplished
in 87% of all defects. Adjunctive antibiotic therapy did not show any statistically sig-
nificant impact on treatment outcomes.

Conclusions: Within the limits of this retrospective study design, the findings suggest
that the combination of regenerative treatment and consecutive orthodontic tooth

movements resulted in favourable results up to 4 years.

KEYWORDS
bone level, bovine bone mineral, collagen, enamel matrix derivative, membrane, orthodontic
tooth movement, pathologic tooth migration, regenerative periodontal therapy

1 | INTRODUCTION

aesthetic and functional changes caused by PTM, as shown by a
recent survey (Hirschfeld et al. 2019). If the periodontal inflamma-

Stage IV periodontitis is characterized by severe periodontal at-
tachment loss, vertical bone loss and pathologic tooth migration
(PTM) (Brunsvold, 2005), requiring complex rehabilitation due to
masticatory dysfunction, secondary occlusal trauma, bite collapse,
and drifting and flaring of the remaining teeth (Papapanou et al.
2018; Tonetti & Sanz, 2019). Many patients affected by such a
condition are interested in orthodontic treatment because of the

© 2021 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

tion remains uncontrolled during the orthodontic treatment this
will accelerate the progression of periodontal destruction leading
to further loss of attachment (Wennstrém et al., 1993). An interdis-
ciplinary approach is therefore required to control the periodontal
infection, reconstruct the defects and realign the migrated teeth
(Re et al. 2000; Gkantidis et al. 2010; Cardaropoli et al. 2014;
Sanz & Martin, 2015).
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It is well known that orthodontic treatment with fixed appliances
has little to no clinically relevant effect on clinical attachment levels
(periodontal conditions) in healthy adults or adolescents (Bollen et al.
2008; Papageorgiou et al., 2018). However, the interaction between
orthodontic and periodontal treatment has been scarcely investigated
in patients with periodontitis. Type of periodontal therapy, timing of
orthodontic treatment following periodontal therapy and the impact
of orthodontic tooth movement on periodontal conditions are poorly
documented (Gorbunkova et al., 2016; Zasciurinskiene et al., 2016).

While the value of regenerative procedures in intra-bony de-
fects in stage Ill periodontitis is well established (Cortellini & Tonetti,
2015; Broseler et al. 2017; Nibali et al. 2019; Sanz et al. 2020), the
literature remains unclear with regard to the best time point to ini-
tiate orthodontic therapy after regenerative surgery of migrated
teeth with intra-bony defects—as typically present in stage VI peri-
odontitis. It may be safe to wait until an endpoint of regenerative
therapy has been reached (usually between 6 and 12 months) and
not to interfere with early periodontal wound healing (Pini Prato &
Chambrone, 2020). Indeed, several longer-term case series and re-
ports with a follow-up of at least 3 years after regenerative surgery
have shown favourable outcomes with such a delayed approach
(Ghezzi et al. 2008; Jepsen et al. 2015; Roccuzzo et al. 2018; Aimetti
et al. 2020). In contrast, other reports have suggested that ortho-
dontic therapy may be initiated much earlier (either immediately up
to 3 months after the regenerative procedure) (Cardaropoli et al.
2001; Cardaropoli et al. 2006; Ogihara & Wang, 2010; Attia et al.,
2012; Ghezzi et al. 2013; Attia et al. 2019). The authors reported
no adverse effects and speculated that early tooth movement could
even stimulate periodontal wound healing. In the only available com-
parative study with 15 patients, Attia et al. (2012) observed more
favourable regenerative outcomes following immediate orthodontic
therapy compared to a delayed approach after 2 months.

Even though these data are encouraging and have the prospect
to shorten the overall treatment time for the affected patients con-
siderably, it has to be realized, that these reports are mainly case
series with a short-term follow-up of <12 months involving a small
number of patients and defects.

Therefore, it was the aim of the present retrospective analysis to
evaluate periodontal treatment outcomes in a cohort of patients with
a large number of intra-bony defects at migrated teeth, where ortho-
dontic tooth movement had been initiated as early as 3 months after
regenerative periodontal surgery with a follow-up of up to 4 years.

2 | MATERIAL AND METHODS

2.1 | Patients

A total of 52 patients who presented with severe periodontitis and
pathologic tooth migration (Stage IV periodontitis according to the
2017 World Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions, Papapanou et al. 2018) in a perio-
dontal specialty practice (CT and FB) in Aachen, Germany were treated
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Clinical Relevance

Scientific rationale for study: While the value of regenera-
tive periodontal treatment of vertical defects is well estab-
lished, there are only few studies on the effectiveness of
regenerative surgery followed by orthodontic therapy in
patients with stage IV periodontitis.

Principal findings: In this retrospective cohort study, signifi-
cant radiographic bone fill and pocket reduction could be
obtained and maintained for up to 4 years.

Practical implications: In the setting of a specialized prac-
tice, even teeth severely compromised by vertical defects
and pathologic tooth migration can be treated successfully
and maintained for several years in compliant patients with
adequate oral hygiene.

with comprehensive periodontal therapy including regenerative sur-
gery and consecutive orthodontic tooth movement in the period of
2001 and 2010. Data from these patients were available for a retro-
spective analysis of the outcomes of this combined treatment.

The analysis was conducted in accordance with the Helsinki
Declaration (version 2008) and the Ethical committee of the
University of Bonn was notified. Patients gave their written in-
formed consent for a retrospective evaluation of their clinical and
radiographical data.

Inclusion criteria for the analysis were:

e one- or two-wall intra-bony defects with indication for periodon-
tal regenerative therapy

e pathologic tooth migration due to loss of periodontal tissues

e orthodontic tooth movement starting 3 months after surgery

e clinical and radiographic data of a consecutive follow-up from at
least 1 year after regenerative therapy

Exclusion criteria were as follows:

e non-compliance
e incomplete probing or radiographic data

e additional periodontal or maxillofacial treatment

Smokers and patients with systemic diseases (i.e. controlled dia-
betes) were not excluded.

Based on the criteria defined above, 48 patients with a total of
526 intra-bony defects and consecutive orthodontic tooth move-
ment could be included in the analysis.

2.2 | Treatment

Prior to regenerative therapy patients underwent successful anti-
infective therapy with oral hygiene instructions and scaling and root
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FIGURE 1 Chronical sequence of
treatment and examinations (TO, T1, T2)

Periodontal

Treatment Supportive periodontal therapy (SPT)

Regenerative /

Surgery
Orthodontic tooth movement
L | | | ™.
I I I I
Baseline 3 months 1y up to 4 yrs.
post-op post-op post-op

planing performed by a trained dental hygienist. In order to proceed
with regenerative therapy, parameters after anti-infective therapy
had to meet the following criteria: Plaque-Score and bleeding on
probing (BOP) <15% and absence of suppuration. If the clinical pa-
rameters such as BOP did not improve despite good patient compli-
ance subgingival plaque samples were taken for microbial analysis
(micro-ldent®; Hain Diagnostics). In accordance with the levels of
periodontopathogens (levels >1O4), 33 out of 48 patients underwent
adjunctive systemic antibiotic therapy during regenerative therapy.
A combination of amoxicillin and metronidazole served as a stand-
ard medication, while ciprofloxacin was administered in the case of
penicillin allergy.

Within the context of anti-infective therapy, interdisciplin-
ary orthodontic counselling prior to surgery was performed.
Teeth with mobility grade >1 (O'Leary, 1969) were temporarily
splinted by removable acrylic splints, semi-permanent lingual
retainers or long-term provisionals to provide best stabilization
of the clot and graft during and after the regenerative surgical
procedure.

In case of advanced tooth mobility (> grade Il) of multiple ad-
jacent teeth, orthodontic appliances were inserted prior to surgery
and served as a stabilization splint during and after surgery.

Regenerative surgical procedures and post-operative care
have been previously described (Broseler et al. 2017). In brief,
surgery was performed by one of two experienced periodontists
(CT and FB). Under local anaesthesia, access to the defect was
achieved by intra-sulcular incisions with a microsurgical blade (SM
69, Swann Morton Ltd.), release of the flap and apical split-flap
preparation was performed always under the premises maintain-
ing best gingival thickness and blood supply of the flap. Therefore,
flap design was rather extended to the adjacent teeth for tension-
free flap closure to avoid vertical releasing incisions compromising
blood supply of the flap. After releasing the flap, granulation tissue
was removed by hand instruments and rotating instruments. After
debridement with curettes, ultrasonic device (Cavitron/Slimline;
DENTSPLY) and rotating instruments (Desmo-Clean®; Komet or
Intensiv Finishing Diamond #4310S; Perio Set®; Intensiv SA) the
intra-bony defects were filled with collagen-added deproteinized
bovine bone mineral (DBBMc, Bio Oss® Collagen; Geistlich). If the
graft material was at risk for dislocation in non-contained defects,

a collagen membrane (Bio Gide® Perio; Geistlich) was applied
without pin or suture fixation.

If the flap did not need any further support by a graft or to
enhance early epithelial wound healing in compromised soft tis-
sue quality and to avoid shrinkage of the soft tissues for aesthet-
ics in anterior regions enamel matrix derivate (EMD, Emdogain®;
Straumann) was applied as an adjunct to the root surface after
debridement. The flap was coronally positioned without ten-
sion and sutured with modified horizontal mattress sutures and
additional single interrupted sutures for papilla adaptation (6-0
Monofilament single sutures Premilene® USP6/0-DS13, B. Braun;
Seralene® USP6/0-DS12 SeragWiessner; Seralene®USP6/0-D515;
SeragWiessner).

Postoperatively, patients were advised to rinse with 0.2% chlor-
hexidine solution three times a day for 2 weeks or until complete
wound healing. To avoid mechanical stress to the flap and the graft
patients had to refrain from mechanical tooth cleaning in the surgi-
cally treated regions until soft tissues were re-keratinized. Sutures
were removed after 10-14 days, depending on individual wound
healing progression.

Orthodontic tooth movements were initiated three months
after periodontal regenerative surgery, using fixed orthodontic
appliances (straight-wire-technique) performed by one and the
same orthodontist. In only two patients, orthodontic tooth move-
ment was accomplished with aligner technology (Invisalign®; Align
Technology Inc.) by a second orthodontist. Duration of ortho-
dontic therapy depended on the amount of treatment needs of
the patient and varied from 9 to 28 months with a mean range of
18 months.

Postoperatively, patients were followed in a tight recall interval
beginning with 4 weeks up to 3 months during orthodontic tooth
movements according to the practice standard protocol. Control
of inflammation during orthodontic tooth movement was achieved
by cautious professional tooth cleaning and hygiene reinforcement
according to the individual patient needs; particular emphasis was
given to teeth undergoing orthodontic intrusion movements. After
completion of orthodontic tooth movements supportive care was
rendered according to the individual patient's need with a recall in-
terval of three times a year during the longest observation period of
4 years (Figure 1).
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2.3 | Clinical and radiographic measurements
Preoperatively, clinical periodontal parameters, including probing
pocket depth (PPD) at four sites per tooth, were measured and a
full set of periapical radiographs were taken. Intra-operatively, the
bone level (BL) was measured as the distance between the cemento-
enamel junction and the deepest point of the intra-bony defect
using a periodontal probe (PCP11; Hu-Friedy) parallel to the long
axis of the tooth. If the cemento-enamel junction could not be de-
fined due to restorations, the margin of the restoration served as
reference point.

Intra-operative BL was applied for calibration of the pre-
operative periapical radiograph, as previously described (Bréseler
et al. 2017). In brief, radiographs were taken by a long-cone par-
allel technique using film holders (HAWE Super-bite Senso; Kerr
GmbH) to allow for parallel orientation (3 x 4 cm single tooth F-
speed films; Kodak, using Dirr Periomat plus or Dirr XR24 de-
veloping machine; Dirr Dental AG, Bietigheim-Bissingen). After
digitizing the radiographs (Digital Camera Casio EX-Z40, Casio
Computer Co., LTD Tokyo, Japan) calibration was performed
(ImageJ Software Version 1.43 u, National Institutes of Health).
To obtain the reference distance, the clinically determined BL was
marked on the pre-operative radiograph. For calibration and to
allow comparison with subsequent radiographs, the overall tooth
length was used.

All radiographs were analysed by a trained and calibrated exam-
iner who was not involved in the surgeries.

One year after surgery, complete clinical and radiographic data
were obtained. PPD was recorded every year during regular mainte-
nance, radiographic BL after 1 year and 2-4 years postoperatively
(Figure 1):

T,- time of regenerative surgery (baseline).

T,-1 year post-op.

T,-mid-term follow-up (2-4 years).

For T, the data measured at the latest point of follow-up within
this time frame was chosen for each patient. Means for T, were
3.05 + 0.88 years for BL, and 3.04 + 0.87 years for PPD.

2.4 | Statistical analysis
The statistical analysis was performed using R version 2.13.0 (The
R Foundation for Statistical Computing). Change of radiographic
bone level (BL) was the primary outcome parameter, whereas
change in PPD served as secondary outcome. Data were evalu-
ated for all regeneratively treated teeth as well as per patient
(means). For teeth with all three observation time points present,
the change over time was analysed on tooth and patient level. In
addition, change over time was evaluated for the most severe de-
fect per patient.

Numeric variables such as certain patient characteristics and
endpoints (radiographic bone level, PPD and their changes over
time) are summarized by means and standard deviations. Categorical
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information is presented by providing absolute and/or relative
counts. If not clear from the context, in the text it is mentioned
whether these numbers relate to patients or defects as observa-
tional units.

To test for gains in radiographic bone level over time, a version of
Wilcoxon's signed-rank test for clustered data (Rosner et al., 2006)
was applied to account for intra-patient correlations. All p-values
belong to two-tailed tests and are of purely exploratory nature. The
level of significance of each test was set to 0.05.

Inductive statistical analysis of p-values concerning the in-
fluence of the confounder ‘adjunct antibiotics on radiographic
bone level and PPD’ was performed by the use of a version of
Wilcoxon's signed-rank test for clustered data (Rosner et al., 2006)
and ANOVA test.

Defects were classified based on their baseline morphology
determined during surgery as one- and two-wall defects and (mea-
sured by clinical probing from BL to CEJ) as shallow (< 6 mm), moder-
ate (>6 mm and <11 mm) and deep (= 11 mm). In additional subgroup
analyses, the radiographic bone level changes with and without ad-
junctive antibiotic treatment were compared to each other.

A multilevel analysis was conducted to explore the effect of
explanatory variables “smoking,” “full mouth bleeding scores and

»n o

plaques scores at T1,” “treatment modality,” “radiographic bone
level at baseline (T0)" and “antibiotic treatment” on the change in
radiographic bone level from TO to T1. Linear mixed models were
run with patient as random intercept to account for the correlation
within patient. To compare models, p-values from an F-test with
the Satterthwaite method (Fai & Cornelius, 1996) were compared
against 0.05. To assess the explanatory power of a model also the
conditional and marginal R2 as developed by Nakagawa et al. (2017)
were computed. The marginal R2 gives the proportion of variance
explained by the fixed effects only, the conditional R2 gives the pro-
portion of variance explained by fixed and random effects. Starting
from the minimal model with radiographic bone level at TO as only
fixed effect, first models were run with only one more fixed effect
included. Variables were only retained when significant and an inter-
action term was only tested if the main effect was significant. Then,
only variables were added if they showed a significant improvement
of the model.

3 | RESULTS

3.1 | Patient and defect characteristics
Of the 52 patients treated, 4 patients (with 28 defects) were ex-
cluded from the retrospective analysis because of missing follow-up
data due to non-compliance.

Compliance was defined as previously described (Franke et al.
2015):

CO: Patients who failed to attend more than two scheduled ap-
pointments within the first 2 years of SPT or did not comply with
Supportive periodontal therapy (SPT) appointments for more than
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2 years during follow-up period were classified as non-compliant.
These patients were not included into the study.

C1: patients who complied to SPT as scheduled at any time
during the observation period.

C2: patients who missed at least one appointment in at least
1 year of ongoing SPT, but were not more than 1 year without SPT.

Due to the complex multidisciplinary treatment—regenerative
periodontal therapy and orthodontic tooth movement—only pa-
tients showing full compliance (C1) attending SPT as scheduled at
any time during the observation period were included into the analy-
sis. This applied to 48 patients with a total of 526 intra-bony defects.

The number of defects per patient ranged from 2 to 14 defects
with an average of 10.96. Overall, 38.2% were one-wall defects while
61.8% were two-wall defects. At baseline, mean radiographic BL was
8.31 + 1.51 mm (4.00-12.14 mm). Complete data for the longest obser-
vation time (T,) 2-4 were available for 27 patients with 214 defects. An
overview on patient and defect characteristics is presented in Table 1.

DBBMc alone was used in 23.6% of the defects (15.42% for
one-wall defects/28.62% for two-wall defects), whereas in 27.8%
of the defects DBBMc + CM was applied (30.35% for one-wall de-
fects/26.15% for two-wall defects)) DBBMc + EMD was used in
20.3% of the defects (22.89 for one-wall defects/18.77% for two-
wall defects), and DBBMc + CM + EMD in 17.3% of defects (23.3%
for one-wall defects/13.54% for two-wall defects). EMD alone was
applied in 11% of the defects (7.96% for one-wall defects/12.92%
for two-wall defects).

3.2 | Post-operative findings

A representative example of a treated patient included in the
present analysis is illustrated in Figure 2. Soft tissue healing was

TABLE 1 Patient and defect characteristics at baseline (TO)

N patients 48

Female gender 60.4%

Mean age (range) 45.3 (29-66)
years

Smokers 12.5% of patients
(with 13.3% of
defects)

N defects 526

Single-rooted teeth 342/65.02%

Multi-rooted teeth 184/34.98%

Defect “shallow” <6 mm 104/19.8%

Defect “moderate” >6 mm <11 mm 321/61%

Defect “deep” >11 mm 101/19.2%

Mean bone level “shallow” 5.38 £0.73 mm

Mean bone level “moderate” 8.14 +1.03 mm

Mean bone level “deep” 12.73 £ 2.26 mm

Mean bone level all 8.31£1.51 mm

generally uneventful. There were no allergic reactions, suppura-
tion or abscesses. Minor complications such as post-operative
swelling and pain in the surgically treated area disappeared within
a few days after surgery. If membrane exposures occurred (3%
of the treated sites), membranes were left in place and infection
managed by reinforcement of post-operative care and chemical
plaque control (0.2% chlorhexidine mouth rinse, 3 times per day).
These sites healed with no further complications by intensive
clinical care.

Tooth loss amounted to 0.57% (3 molars in 3 patients) and was
due to furcation caries (100%) after completion of orthodontic
therapy.

Radiographic bone levels could be evaluated in 48 patients with
526 teeth at baseline and after 1 year ,, and in 27 patients with 214
defects at ., (after 3.05 + 0.88 years).

Analysis of change in radiographic BL over time in these 214
defects, where data for all time points were available revealed
a significant gain in radiographic bone level after 1 year from
8.40 + 2.72 mm to 3.73 + 2.08 mm with further gain from ,, to ,
with 3.55 + 1.8 mm (Table 2, Figure 3a). Similar changes were ob-
served when data were analysed on the patient level. Even more
pronounced radiographic bone level gain was obtained when
the deepest defects per patient were included in the analysis
(Figure 3b,c, Table 2).

Radiographic bone level changes in different subgroups are dis-
played in Figure 3d,f. Adjunctive systemic antibiotic administration
did not show any statistically significant impact (Figure 3d,e), and
different treatment modalities led to similar bone level changes over
time (Figure 3f).

The multilevel analysis revealed that only smoking (p = 0.023)
and full mouth plaque scores at T1 (p = 0.047) were significant when
added as single variables to the minimal model, in particular, in in-
teraction with the radiographic bone level at TO (p < 0.001 in both
cases). Adding any other variables to the model did not show any
significant improvement. When both variables were combined in
one model they became both non-significant probably due to their
strong correlation. Smoking was chosen over plaque at T1 in the final
model due to its better explanatory power. The results of the final
model are displayed in Table 3. The greater the distance between
the CEJ and the deepest point of the intra-bony defect (BL) at base-
line the greater was the change of BL from TO to T1 (p < 0.0001).
However, this was less the case in smokers. Especially in smok-
ers with a greater BL at TO this change in BL was significantly less
(p < 0.001).

Mean PPD as documented in 300 defects for all time points im-
proved from 6.00 mm (+2.09 mm) at baseline to 3.45 mm (+1.20 mm)
after 1 year and was further reduced to 3.12 mm (+1.36 mm) after
2-4 years. The frequency distribution of residual probing pocket
depths for the subsample of patients who attended all visits from
baseline to t, is presented in Table 4. The frequency of sites with
PPD <4 mm improved from 27% at baseline to 84% at t, and re-
mained stable with 87% at t,.
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FIGURE 2 (a)Clinical and radiographical situation after initial therapy. (b) Clinical and radiographical situation 1 year after regenerative
therapy. (c) Clinical and radiographical situation 4 years after regenerative therapy

TABLE 2 Mean radiographic bone level
(BL) + standard deviation (mm) over time
calculated for patients and teeth with
different length of follow-up

BL per teeth (n = 526)
BL per patient (n = 48)

BL in deepest defect per

patient (n = 48)
BL per teeth (n = 214)

BL per patient (n = 27)

BL deepest defect per patient

(n=27)

Baseline t, t,
8.52 £2.59 3.98 +2.09 n.a.
8.31+1.51 3.89 £1.26 n.a.
12.10£3.30 5.62+274 n.a.
8.40+2.72 373208 3.55£1.80
p < 0.000001 p =0.28631
8.48 £ 1.00 3.65£1.27 344£1.13
p < 0.000001 p = 0.47105
12.67 £3.00 5.25+2.63 4.65+1.78

p < 0.000001" p=0.24712"

Note: Means for t, (2-4 years) were 3.05 + 0.88 years. Analyses on the level of teeth, patient and

deepest defect per patient.

*p-Values for comparison baseline versus T1.

**p-Values for comparison T1 versus T2.

4 | DISCUSSION

The results of this study demonstrate favourable outcomes fol-
lowing a combined regenerative and orthodontic treatment in
patients with stage IV periodontitis that could be maintained for
up to 4 years. Treatment with deproteinized bovine bone mineral
with collagen alone or in combination with a collagen membrane
or EMD resulted in significant radiographic bone level gain and
probing pocket reduction in a large number of teeth severely com-
promised by intra-bony defects and pathologic tooth migration.
Pocket closure was accomplished in the vast majority of sites.
The results indicate that in the setting of a specialized practice
patients with stage IV periodontitis in need of orthodontic therapy
can be treated successfully and maintained for several years with
good prognosis if compliant with SPT and adequate oral hygiene.
Orthodontic tooth movement as early as 3 months after regen-
erative surgical therapy did not appear to have a negative impact

on treatment outcomes. Based on these data, the treatment ap-
proach can be considered to be effective, shortening the overall
treatment time for the patients considerably.

The study question is of great relevance as available infor-
mation on the treatment of stage IV periodontitis in need of or-
thodontic therapy is still rather limited. The study analysed the
outcomes of regenerative therapy with subsequent orthodontic
tooth movement in a total of 48 patients with 526 teeth over
an observation period of up to 4 years and is to the best of our
knowledge, the report including the largest number of patients
and defects on this combined treatment approach that has been
published so far. This comparatively high number of participants
and defects, the long observation time, the fact that all patients
were treated by the same two experienced surgeons and that
radiographs were evaluated by the same blinded examiner are
certainly strengths of the study. The setting of a private practice
can be considered as an advantage for the generalizability of the

20
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FIGURE 3 Changes in radiographic bone level over time
(mean + SD): (a) at defect level n = 214, (b) at patient level, (c)
at deepest defect per patient n = 24, (d) and (e) with or without
adjunctive antibiotic treatment, (f) for different treatment
modalities

results. Furthermore, the study was conducted independently
and not funded by industry. However, the study design has also
some inherent limitations, in particular, the retrospective nature
and the lack of a comparison group. Thus, the study has to be
considered as an extensive feasibility study that may be of great
value for the planning of future carefully controlled well designed
prospective randomized trials.

The results of the present study cannot be easily compared to
previously published studies because of differences in study proto-
cols with regard to regenerative procedures, choice of biomaterials,
selection of outcome measures, time points of initiation of ortho-
dontic therapy and lengths of follow-up.

Nevertheless, the mean radiographic bone level gain of 4.6 mm
after one year observed in our study compares favourably with re-
ported bone gains in previously published case series, ranging from
1.3 to 4.4 mm (Corrente et al. 2003; Cardaropoli et al. 2006; Ogihara
& Wang, 2010; Attia et al. 2012; Ghezzi et al. 2013; Attia et al. 2019).
The mean PPD reduction of 2.9 mm for the 300 defects monitored
for up to 4 years in the present study is comparable to the 3.2 mm in
a 10-year follow-up of 36 defects by Roccuzzo et al. (2018). Higher

TABLE 3 Final model for the change of radiographic bone level
fromTO to T1

Fixed effects Estimate (SE) p
(Intercept) -0.77 (0.30) <0.05
BLatTO 0.64 (0.03) <0.0001
Smoking 1.65 (0.86) 0.057
BL at TO + smoking -0.29 (0.08) <0.001

Random effects

Patient standard deviation 0.88

TABLE 4 Frequency distribution of residual PPD for the
subsample of patients who attended all visits from baseline to t,,
N =300

PPD (mm) Baseline t, t,
<4 82 252 262
5 28 27 18
[ 70 15 15
7 42 3 1

8 50 3 4

9 11 0 (0]
10 10 0 0
11 7 0 0
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values for mean PPD reduction ranging from 3.7 to 4.4 mm, however,
were reported in studies with immediate application of orthodontic
forces (Attia et al. 2012; Ghezzi et al., 2013; Attia et al. 2019). The
frequency of pocket probing depths >4 mm in or study was reduced
from 73% at baseline to 16% at t, and remained stable with 13% at
t,. These values are in agreement with a reported frequency of 17%
of residual PPD >4 mm after 10 years by Rocuzzo et al. (2018). Tooth
loss of regeneratively treated teeth in the present study was 0.5%
due to furcation caries and occurred after completion of orthodontic
therapy. Long-term studies on a combined regenerative-orthodontic
therapy (Roccuzzo et al. 2018; Aimetti et al. 2020) showed no tooth
loss due to periodontal reasons after successful completion of peri-
odontal therapy. Tooth loss in these studies amounted to 2.7% and
1.5%, respectively, and was due to root fracture.

It was of particular interest to compare the results of the pres-
ent analysis with data obtained from another cohort of patients that
were treated in the same practice with the same protocol, includ-
ing surgical procedure, outcome measures and follow-up, but with
no need for orthodontic tooth movement (Bréseler et al. 2017).
Within all limitations of such an indirect comparison using a “histor-
ical control group,” it was striking to observe that the improvements
with regard to bone level gain and PPD reduction in the present
study with combined perio-ortho therapy were even higher than
in the previous study, where patients did not undergo orthodontic
therapy. Mean bone level gain after 1 and 2-4 years amounted to
4.6 mm and 4.8 mm per tooth, respectively, in the present study and
3.9 mm and 4.1 mm per tooth in our previous report (Broseler et al.
2017). Corresponding values for PPD gain were 2.5 after one year
and 2.8 mm after 2-4 years, respectively, in the present study and
2.4 mm in our previous report. It has to be emphasized that base-
line characteristics of the treated defects with regard to mean bone
level and PPD were similar in both cohorts. These findings seem to
indicate a possible “stimulating” effect of orthodontic tooth move-
ment in the early healing phase on the regenerative outcomes, as
previously suggested (Vardimon et al. 2001; Diedrich et al. 2003;
Nemcovsky et al. 2004). However, as stated above this observation
should be interpreted with great caution. Well-controlled preclinical
experiments would be needed to elucidate the effects of mechan-
ical loading on the early and late healing events after regenerative
procedures.

Moreover, another source of possible bias inherent to ortho-
dontic studies could have been introduced by the possibility of
orthodontically induced root resorption. This aspect has been
rarely addressed when interpreting results of perio-orthodontic
studies, even though it will impact on radiographic as well as on
clinical measures for the assessment of regenerative periodontal
outcomes. There is only limited data available on root resorption
following orthodontic treatment of periodontitis patients. Melsen
et al. (1989) found 1 to 3 mm of root resorption in treated inci-
sors, whereas Corrente et al. (2003) reported no resorption of the
orthodontically intruded teeth. Orthodontic treatment in patients
with periodontal disease resulted in external apical root resorption
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on an average of 81% of all single-rooted teeth treated. In 82.3%
of them, resorption was 2 mm or less. Severe root resorption (more
than 4 mm) was found in 8% of patients (Zasciurinskiené et al.
2019a,b).

The radiographic evaluation performed in this study had to
rely on radiographs that were obtained in a standardized fashion
using a long-cone paralleling technique; however, no customized
film holders were used to permit an even higher reproducibility.
Measurement errors may exist due to the fact that no customized
film holder stents were used; however, we compensated for the
possible distortion between sets of radiographs by calculating
the ratios of root length from baseline and follow-up radiographs.
This ratio was used to correct posttreatment linear measure-
ments of bone changes (Tonetti et al., 1993). Still, the amount
of orthodontically induced root resorption—if present—could not
be assessed. Thus, assuming in a worst-case-scenario 2.0 mm of
root resorption of the teeth treated in the present study, the im-
pact on the radiographic bone level gain that we have calculated
would have been an underestimation of gain in the magnitude of
approximately 10 per cent. Therefore, we are confident that any
possible root resorption has not introduced a major bias into our
analysis.

Nevertheless, these challenges in the selection and interpreta-
tion of outcome data in perio-ortho studies need to be addressed in
future studies.

A radio-opaque bone filler was used which does not allow to
distinguish graft from newly regenerated bone. However, based
on human histological studies, it can be presumed that the applied
biomaterials can promote periodontal regeneration (Sculean et al.,
2015). There was obviously no obstruction of tooth movements into
sites previously regeneratively treated with non-autogenous bone
as already shown histologically (Araujo et al. 2001) and clinically
(Corrente et al. 2003; Cardaropoli et al. 2006; Roccuzzo et al. 2018).

The results of the present study also indicated that adjunctive
systemic antibiotic administration did not yield superior outcomes
in radiographic and clinical findings. Even though this exploratory
sub-analysis has to be viewed with caution, this observation is in line
with previous RCTs evaluating the possible effect of adjunctive sys-
temic antibiotics on outcomes of regenerative surgery (Sculean et al.,
2001; Rollke et al. 2012). Recently published periodontal treatment
guidelines for stage Il periodontitis call for a prudent and restrictive
usage of systemic antibiotics in the context of antibiotic stewardship
and the rising problem of antibiotic resistance, however, acknowl-
edge their possible benefit for special patient categories (Sanz et al.
2020; Teughels et al. 2020). Thus, future randomized trials will have
to clarify, whether adjunctive antibiotics will be indicated for stage
IV periodontitis patients in need of a combined perio-regenerative-
ortho therapy.

According to a recently published commentary, the lack of an
accurate “gold standard,” a research-based moment for initiating
orthodontic tooth movement after periodontal therapy, demon-
strates that a “grey zone” of evidence remains and knowledge on
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periodontal wound healing dynamics may be considered the best
“biologic starting point” of orthodontic treatment for treated peri-
odontitis patients (Pini Prato & Chambrone, 2020). The authors
proposed a personalized periodontal algorithm and postulated that
orthodontic therapy should be initiated 1 year after regenerative
treatment. The findings of the present study indicate the feasibility
of initiating orthodontic therapy much earlier with the prospect of a
shortened overall treatment time for the patient.

In conclusion, within the given limitations of a retrospective
study design, the combination of regenerative surgery and con-
secutive orthodontic tooth movement resulted in favourable
results up to 4 years. The results of this large feasibility study sug-
gest that orthodontic tooth movements as early as 3 months after
regenerative therapy of intra-bony defects had no negative effect
on radiographic bone level gains and probing pocket reductions.
Prospective well planned randomized controlled clinical trials that
also include patient-related and orthodontic outcome measures
are needed to define the most suitable protocol for the combined
regenerative and orthodontic treatment of patients with Stage IV

periodontitis.
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Zielsetzung der Arbeit

Nachdem in der vorherigen Arbeit (Tietmann et al, 2021) gezeigt wurde, dass die kombinierte
regenerativ-parodontalchirurgische  Therapie intraossdrer Defekte mit anschlieBender
kieferorthopadischer Zahnbewegung durch Multibandapparatur bei Patienten mit Stadium IV
Parodontitis und PTM zu einem deutlichen radiologischen Knochengewinn und Reduktion der
PPD fuhrt, sollte in einer Follow-up-Studie untersucht werden, ob die Wirksamkeit dieser

Therapie auch zu langzeitstabilen Ergebnissen nach 10 Jahren fihrt.

Methoden und Ergebnisse

Von ehemals 48 Patienten aus der Studie Tietmann et al. (2021) konnten nach 10 Jahren noch 22
Patienten mit insgesamt 256 intraossdren Defekten nach regenerativer Therapie mit
anschlieBender kieferorthopadischer Zahnbewegung nachuntersucht werden. Die Patienten
hatten sowohl wahrend als auch nach Abschluss der kombinierten Therapie eine engmaschige,
auf den einzelnen Patienten abgestimmte UPT erhalten. Das radiologische Knochenniveau (rBL)
und Sondierungstiefen (PPD) wurden ein Jahr nach regenerativer Therapie, nach Abschluss der
kieferorthopadischen Therapie (FSPL) und 10 Jahre nach regenerativer Therapie erhoben.

Der mittlere Gewinn an radiologischem Knochenniveau (rBL) nach | Jahr postoperativ war
signifikant mit 4,63 + 243mm und zeigte auch nach Abschluss der kieferorthopddischen
Therapie (FSPL) und nach 10 Jahren mit 4,48 + 2,62mm langzeitstabile Ergebnisse. In 90% aller
Defekte konnten PPD <4mm nach 10 Jahren erzielt werden. Nach [0 Jahren war nur ein
geringer Zahnverlust von 4,5 % zu beobachten, der nicht durch parodontale, sondem

endodontische  Komplikationen  bedingt war.  Einzelheiten der Patienten-  und
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Defektcharakteristika sowie Ergebnisse sind den Tabellen |, 2 sowie Abbildung 4 der zugrunde

liegenden Originalpublikation zu entnehmen.

Schlussfolgerung

Diese Arbeit zeigt, dass die kombinierte regenerativ-parodontalchirurgische Therapie mit
anschlieBender kieferorthopaddischer Zahnbewegung bei Patienten mit Parodontitis Stadium IV
und PTM auch langfristig zu deutlichen radiologischen Knochengewinnen, Taschenreduktionen
und Zahnerhalt fihrt. Voraussetzung fUr die Langzeitstabilitdt der Ergebnisse ist die langfristige und

regelmalige Teilnahme der Patienten an einer individualisierten UPT.
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orthodontic tooth movement in stage IV periodontitis:
10-year data of a retrospective study
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(T1), 4.19 mm (+2.61 mm) at final splinting (T2), and 4.48 mm (+2.62 mm) after
10 years (T10). Mean PPD was significantly reduced from 5.84 mm (+2.05 mm)
at baseline to 3.19 mm (+1.23 mm) at TI, to 3.07 mm (+1.23 mm) at T2, and to
2.93 mm (+1.24 mm) at T10. Pocket closure (PPD < 4 mm) was achieved in 90%
of all defects. Tooth loss amounted to 4.5%.

Conclusions: Within the limitations of this retrospective study design, these
10-year findings suggest that in motivated and compliant patients with stage
IV periodontitis and in need of OT an inter-disciplinary treatment can lead to
favorable and stable long-term results.

KEYWORDS
bovine bone mineral, long-term, orthodontic tooth movement, pathologic tooth migration,
regenerative periodontal therapy, stage IV periodontitis

1 | INTRODUCTION inflammation. However, adding to the severity and
complexity in stage IV periodontitis the presence of
Stage IV periodontitis is characterized by similar sever- pathologic tooth migration (PTM)' with drifting and

ity and complexity as stage III periodontitis in terms  flaring of the remaining teeth, hypermobility and sec-
of attachment loss, vertical bone loss, and periodontal ondary occlusal trauma, bite collapse, and masticatory
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dysfunction requires a complex rehabilitation.? Patients
affected by such a condition are interested to seek
orthodontic treatment because of the functional and
esthetic changes caused by PTM.> An interdisciplinary
approach of comprehensive periodontal and orthodontic
therapy (OT) is needed to control periodontal infection,
reconstruct the defects, and realign the migrated teeth in
order to regain and stabilize function and esthetics for the
patients.*>

OT with fixed appliances does not seem to have clinically
adverse effects on clinical attachment levels in healthy
patients or in successfully treated periodontitis patients.®
However, only limited data exist on the combined treat-
ment of periodontal therapy and OT in patients with stage
IV periodontitis.>!°

The recently published EFP S3 level clinical prac-
tical guideline (CPG) for the treatment of stage IV
periodontitis!' gives guidance for these complex inter-
disciplinary therapies based on explicitly commissioned
reviews with regard to quality and strength of evidence.
In a structured consensus process a concise treatment
algorithm and specific evidence-based and expert-based
recommendations were adopted for the interdisciplinary
treatment for patients in need of OT diagnosed with stage
IV periodontitis (case type 2). As emphasized in the EFP S3
CPG tooth retention should be considered first in the long-
term management of stage IV periodontitis. Accordingly,
given the value of regenerative procedures in intra-bony
defects,'>”" the EFP S3 CPG recommends the combina-
tion of regenerative therapy and consecutive OT in patients
with stage IV periodontitis presenting with intra-bony
defects and in need of OT."! Concerning the timing of OT
following periodontal regenerative therapy — based on two
recent clinical studies '*'° - the EFP S3 CPG recommends
a time interval between 4 weeks and 6 months.!!

However, there is still only limited data on the long-
term outcomes of such a combined therapy.’*?' In these
two studies, OT was initiated much later (12 months after
surgery) and they either reported on a small number of
regeneratively treated defects?® or did not distinguish in
their outcomes between defects treated either in a resec-
tive or regenerative way before consecutive OT.?! Thus,
although both studies presented encouraging long-term
results the effect of a combined regenerative-orthodontic
treatment approach in line with the current recommenda-
tions cannot be fully appreciated.

Therefore, the aim of this retrospective analysis was
to evaluate the long-term effectiveness and stability after
10 years of regenerative treatment of a large number of
intra-bony defects at migrated teeth in combination with
early consecutive OT in stage IV periodontitis.

2 | MATERIALS AND METHODS

2.1 | Study design and patients

This retrospective analysis included data from a 10-year
follow-up of patients presenting with severe periodonti-
tis and PTM (stage IV periodontitis).> All of them had
been treated by an interdisciplinary approach in a peri-
odontal specialty practice (C.T.) in Aachen, Germany. The
interdisciplinary treatment consisted of a comprehensive
periodontal therapy including regenerative periodontal
surgery and consecutive orthodontic tooth movement
in the period of 2001 and 2010 as previously reported
for 27 patients after 2-4 years.”® Twenty-two patients
were still available 10 years after regenerative surgery,
while 5 patients were lost to follow-up because they had
either moved, had returned to their referring dentist, or
had died.

The study was conducted in accordance with the
Helsinki Declaration (version 2008) and approved by the
Ethics committee of the University of Bonn (#16/23).
Patients had given their written informed consent for a ret-
rospective evaluation of their clinical and radiographical
data.

Inclusion criteria for the analysis were:

- Successful steps 1 and 2 of periodontal therapy:
adequate oral hygiene and control of inflamma-
tion: full-mouth plaque score (FMPS) of <15% and
full-mouth bleeding score (FMBS) of <15%

- one- or two-wall intra-bony defects with indication
for periodontal regenerative therapy

- PTM due to destruction of periodontal tissues

- orthodontic tooth movement starting 3 months after
surgery

- clinical and radiographic data of a continuous follow-
up for 10 years after regenerative surgery.

Exclusion criteria were:

- non-compliance to maintenance protocol

- incomplete probing or radiographic data

- additional periodontal or maxillofacial treatment in
the areas of interest.

Patients with systemic diseases (i.e., controlled diabetes)
and smokers were not excluded.

Based on these criteria, 22 patients with a total of
256 regeneratively treated intra-bony defects and consec-
utive orthodontic tooth movement were included in the
analysis.
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2.2 | Treatment

2.21 | Regenerative periodontal surgery
Regenerative surgery of teeth with intra-bony defects was
performed by one single experienced periodontist (C.T.)
after successful anti-infective therapy and orthodontic
consultation in the period of 2001-2010. Surgical regener-
ative procedures were performed under local anesthesia as
previously described,'>'® vertical releasing incisions were
avoided by extending flap design to adjacent teeth, api-
cal split flap preparation was only performed if needed
for primary tension-free flap closure. After debridement
of the defect the biomaterial was chosen depending on
the configuration of the intra-bony defect. To prevent
a soft-tissue collapse into the defect a bone filler was
used (DBBMc, Bio Oss Collagen; Geistlich, Wolhusen,
Switzerland). If the graft material was at risk for disloca-
tion in non-contained defects, a collagen membrane (Bio
GidePerio; Geistlich, Wolhusen, Switzerland) was applied
without pin or suture fixation. Enamel matrix deriva-
tive (EMD, Emdogain; Straumann, Basel, Switzerland)
was applied in contained defects to enhance periodon-
tal wound healing. Primary tension-free closure of the
coronally positioned flap was achieved by modified hori-
zontal mattress sutures and additional single interrupted
sutures for papilla adaptation (6-0 Monofilament single
sutures Premilene USP6/0-DS13, B. Braun, Tuttlingen,
Germany; Seralene USP6/0-DS12 SeragWiessner, Naila,
Germany; SeraleneUSP6/0-DS15; SeragWiessner, Naila,
Germany).

A strict anti-infective protocol postoperatively was
advised to the patient including the rinse with 0.2%
chlorhexidine solution three times a day and absten-
tion from mechanical tooth cleaning in the surgically
treated areas for 4 weeks or until complete wound heal-
ing. Antibiotics were prescribed at the discretion of the
surgeon.

Sutures were removed after 10-14 days depending on
individual wound healing progression.

2.2.2 | Orthodontic therapy

Early orthodontic consultation was performed within the
context of step 2 of periodontal therapy to define the
individual interdisciplinary treatment options. For best
stabilization of the clot and graft during and after regener-
ative therapy, the type of splinting was chosen with regard
to the grade of tooth mobility.?? In cases of increased tooth
mobility (>grade II) of multiple adjacent teeth, passive
fixed orthodontic appliances were inserted prior to peri-
odontal surgery. This applied to nine patients. Otherwise,

if not needed during surgery for stabilization, removable
acrylic splints or semi-permanent lingual retainers were
used to facilitate best stabilization of the blood clot and
graft after regenerative surgery.

Active orthodontic tooth movements with low forces
and moments started 3 months after periodontal regenera-
tive surgery, using fixed orthodontic appliances (straight-
wire-technique) in all patients performed by one and
the same experienced orthodontist. In brief, orthodon-
tic movement was started with a 0.012 nickel-titanium
(Ni-Ti) wire, followed by the alignment with the sequence
of 0.014 Ni-Ti, 0.016 Ni-Ti, 0.018 Ni-Ti, and 0.016*0.016
stainless steel wire. A 0.0175-inch seven time twist flex in
the upper jaw and a 0.0155 inch seven time twist flex in the
lower jaw were used as fixed retainers and controlled on a
regular basis.

Active OT was considered completed when the pre-
defined treatment goals for aesthetic and function in each
patient had been achieved. Time span of active orthodontic
tooth movements was determined by the individual extent
of treatment needs of the patient and varied from 10 to
31 months with a mean duration of 22 months.

Stabilization of treatment outcomes was accomplished
either by fixed bonded retainers (10 patients), remov-
able splints (9 patients) which also served as a night-
guard because of bruxism, or a combination of both
(3 patients).

2.2.3 | Supportive periodontal therapy

After periodontal surgery, supportive periodontal therapy
(SPT) started with a tight interval of 4 weeks up to 3 months
during the period of OT. Control of inflammation was
accomplished by cautious professional tooth cleaning and
oral hygiene reinforcement with particular emphasis on
teeth undergoing orthodontic intrusive movements.

After completion of active OT periodontal supportive
care was provided corresponding to individual patient‘s
need with a minimum recall interval of three times a year
during the observation period of 10 years.

2.3 | Outcomes
231 | Clinical and radiographic
measurements

Clinical and radiographic measurements were assessed
as previously described.!® In brief, probing pocket depths
(PPD) at four sites per tooth and periapical radiographs
were taken preoperatively. During surgery, the tooth site
measured with the most advanced bone loss mesially or
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FIGURE 1

distally (distance between the cemento-enamel junction or
restoration to the bottom of the defect) became the target
site. Intra-operative bone level (BL) was used for calibra-
tion of the pre-operative periapical radiograph by using the
overall tooth length as a reference length, as previously
described.

After calibration, the radiographs were analyzed using
ImageJ Software (Version 1.43u, National Institutes of
Health, Bethesda, Maryland, USA) by a trained and cal-
ibrated examiner (H.H.) who was not involved in the
surgeries.

Complete clinical and radiographic data at all time-
points were obtained from 256 defects in 22 patients. PPD
was recorded at baseline and every year during supportive
periodontal care, radiographic BL (rBL) at baseline (Ty),
1 year (Ty), at final splinting (T,), and 10 years (T;,) after
surgery. (Figure 1).

2.4 | Statistical analysis

All statistical analyses were performed using the statistical
software R, version 3.6.3 (R Core Team, 2020).>*> Change of
rBL was the primary outcome parameter, change in PPD
and frequency of pocket closure (sites with PPD<4 mm)
served as secondary outcomes. Descriptive analysis was
outlined for rBL and pocket probing depth (PPD) with
change over time for the four time points Ty, Ty, T, and Ty
on defect and patient level and for the most severe defect
per patient by means and standard deviations per defect as
well as per patient.

Comparisons of rBL and PPD between time points
were analyzed by a Wilcoxon signed-rank test; a Wilcoxon
signed-rank test for clustered data was used to take possible
clustering within patient into account.?*

To compare the BL gain and pocket closures between
time points a logistic regression with time as fixed and
patient and defect as random effects was run.

Chronical sequence of treatment and examinations (T, T}, T,, Ty)-

To explore the effect of explanatory variables “smoking”,
“full-mouth-bleeding and plaque scores” at T;o a multi-
level analysis was conducted using a mixed effect linear
regression with patient as random factor and “radiographic
bone at baseline” as covariate. p-values were derived with
the Satterthwaite method.”> The level of significance of
each test was set to 0.05. Starting from the minimal model
with rBL at T, as only fixed effect, first models were
run with only one more fixed effect included. Variables
were only retained if significant and interaction term was
only tested if the main effect was significant. Then, only
variables were added if they showed a significant improve-
ment of the model.

Since adjunctive antibiotic treatment had not shown
any additional effect as previously described,'® no fur-
ther statistical investigation of the 10-year data was
performed.

Statistical analyses of the clinical and radiographic data
were performed by an independent expert biostatistician.

3 | RESULTS

3.1 | Patient and defect characteristics

For all 22 patients included in this analysis data up to
10 years postoperatively was available. All of them were
diagnosed with stage IV periodontitis and -based on calcu-
lation of percentage bone loss/age baseline - with Grade C
except for three patients with Grade B. The collection of the
10-year follow-up data were completed by April 2022. All
of the patients had shown full adherence to the scheduled
appointments of supportive therapy during the observa-
tion period of 10 years. The number of defects per patient
ranged from 4 to 15 with an average of 11 defects. In total,
34.2% were one-wall defects while 65.8% were two-wall
defects. At baseline, mean radiographic BL of 268 defects
was 8.33 + 2.45 mm. Tooth loss at T, amounted to 1.2%
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TABLE 1 Patient and defect characteristics at baseline (Tj).

N patients 22
Female sex 59.1% (13)
Mean age (range) 43.9 (29-62) years
Smokers 9.1% of patients (8.21%
of all defects)

N defects 268 baseline 256 complete cases

10 years
Single-rooted teeth 165/61.57% 165/64.45%
Multi-rooted teeth 103/38.43% 91/35.55%
Mean bone level all 8.33 +2.45 mm 8.32 +2.49 mm
Two wall defects 176/65.47% 171/66,80%
One wall defects 92/34.33% 85/33,20%
DBBMc 90/33.58%
DBBMC + CM 62/23.13%
DBBMC + EMD 46/17.2%
DBBMc + CM + EMD 35/13%
EMD 35/13%

Abbreviations: CM, collagen membrane; DBBMc, collagenous demineralized bovine bone mineral; EMD, enamel matrix derivative.

(3 teeth in two patients) and at Ty, to 4.5% (12 teeth in
eight patients) due to endodontic complications (5 teeth)
and root fracture (7 teeth). No tooth loss was observed at
T,. Hence, complete observation data at T, were present
for 256 defects with a mean radiographic BL at baseline of
8.32 + 2.49 mm. DBBMc alone was used in 33.58% of the
defects, whereas in 23.13% of the defects DBBMc + CM
was applied, DBBMc + EMD was used in 17.2% of the
defectsand DBBMc + CM + EMD in 13.0% of defects. EMD
alone was applied in 13% of the defects. Patient and defect
characteristics are presented in Table 1.

3.2 | Outcomes

Surgeries and soft tissue healing were generally unevent-
ful. None of the patients developed any major compli-
cations. There were no allergic reactions, suppuration,
or abscesses. Minor complications such as postoperative
swelling and pain in the surgically treated area resolved
within a few days after surgery. In the rare case of
wound dehiscencies, no further complications of wound
healing could be observed following reinforcement of post-
operative intensive clinical care. Representative examples
of treated patients included in the present analysis are
illustrated in Figures 2 and 3.

The analysis of the primary outcome-change in radio-
graphic BL over time of 256 defects revealed a significant
gain in rBL with 4.63 mm (+2.43 mm) (p < 0.0001) at
Ty, 419 mm (+2.61 mm) at T, (p < 0.0001) and 4.48 mm
(£2.62 mm) (p < 0.0001) at Tyy. Change in radiographic

BL on patient level was comparable to the analyzed data
on defect level. When looking at the deepest defect per
patient rBL gain was even more evident (p < 0.0001)
(Table 2A and B; Figure 4A-C).%

As previously reported,'® different treatment modali-
ties did not show any impact on rBL change over time
(Figure 4D).

Mean PPD was significantly reduced at T;, with further
reduction at T, and Ty, (p < 0.0001). Mean PPD reduction
was even more pronounced when looking at the deepest
defect and statistically significant (p < 0.0001) at all time
points. The frequency of sites with PPD < 4 mm improved
from 33% at baseline (T,) to 87% at Ty, to 86% at T,, and
remained stable with 90% at Ty, (Table 2C and D).

A multilevel analysis showed that only smoking
(p = 0.017) was significant when added as a single variable
to the minimal model only containing rBL at baseline,
however, not in interaction with the rBL at T, (p = 0.564).
Adding other variables such as plaque at Ty, or BOP at Ty,
did not show any significant improvement. For smokers
the change of rBL was on average less from T, to Ty
(p = 0.017). The results of the final model are presented as
Table Al in the appendix.

4 | DISCUSSION

The 10-year data of this retrospective clinical cohort study
reveal the long-term effectiveness of a combined regener-
ative and orthodontic treatment in patients with stage IV
periodontitis.

32



TIETMANN ET AL.

JOURI}IAL OF (2
Periodontology

| 1181

TABLE 2

(a) Mean radiographic bone level (rBL) + standard deviation (mm) and confidence intervals (CI in the format mean) over time

(T, = baseline, T, = 1year, T, = final splinting, T,, = 10 years) calculated for patients and defects with different length of follow-up (b)
p-values for testing rBL between time points (statistics Wilcoxon signed-rank test from the R-library coin version 1.3.1 [Hothorn et al., 2008])
(c) Frequency distribution of residual PPD for all defects N = 256, complete observation time (d) p-values for testing proportion of pocket
closure (pc) between time points (statistics: Logistic regression with time as fixed and patient and defect as random effects)

(@) N T T, T, Tyo
rBL per defect 268 8.33+2.45CI 3.66 £1.92 CI NA £ NA NA + NA
(n =268) (8.03, 8.62) (3.42,3.89)
rBL per defect in 256 8.32 +£2.49 CI 3.69 +1.94 CI 413 +£2.01 3.84 +2.10 CI
complete cases (8.01, 8.62) (3.45, 3.93) CI (3.88, (3.59, 4.10)
(n = 256) 4.38)
rBL per patient 22 8.36 +1.24 CI 3.53+1.30CI 4.02 +1.24 3.64 +1.29 CI
(n=22) (7.81, 8.91) (2.95, 4.10) CI (3.47, (3.07, 4.22)
4.57)
rBL deepest defect 22 12.27 + 3.09 CI 5.15+2.49 CI 5.35+2.49 5.48 +2.76 CI
per patient (n = 22) (10.90, 13.64) (4.05, 6.26) CI (411, (4.26,6.71)
6.59)
(b) p-Values for testing BL between time points
T,.T, T,.T, T,.Tyo To.Tio T,.Tyo
rBL per defect, 1.31e—05 0.018 0.012 1.55e—05 0.97
complete cases
(n =256)
rBL per patient 4.77e—07 0.0042 0.074 4.77e—07 0.42
(n=22)
rBL deepest defect 4.77e—07 0.51 1.00 4.77e—07 0.40
per patient (n = 22)
(©)
PPD (mm) Baseline T, T, T, Tio
<4 85(33.20%) 223 (87.11%) 220 (85.94%) 230 (89.84%)
5 27 (10.55%) 18 (7.03%) 18 (7.03%) 12 (4.69%)
6 48 (18.75%) 10 (3.91%) 17 (6.64%) 11 (4.30%)
7 37 (14.45%) 2(0.78%) 0 (0.00%) 0 (0.00%)
8 38 (14.84%) 3 (1.17%) 1(0.39%) 2(0.78%)
9 9 (3.52%) 0(0.00%) 0 (0.00%) 1(0.39%)
10 6 (2.34%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
1 6 (2.34%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
(d) Comparison p-Value
pcO - pcl <le—05
pcO - pc2 <le—05
pcO - pcl0 <le—-05
pcl - pc2 0.262
pcl - pcl0 0.649
pc2 - pcl0 0.117

Regenerative periodontal treatment with consecutive
early orthodontic tooth movement led to significant rBL
gain 10 years postoperatively, as demonstrated by mean
rBL gain of 4.48 mm as well as pocket closure in 90% in
a large number of teeth severely compromised by intra-
bony defects and PTM. The long-term data compare well
with the results of our former report with data of 2-4 years
observation time'® and are a proof for the feasibility of

successful retention of the natural dentition in an adequate
state of health and function. While the mean radiographic
bone gain at final splinting T, dropped slightly to 4.19 mm,
it advanced again to 4.48 mm at Ty,. The slightly reduced
mean bone gain at T, may be explained by the fact that
bone remodeling due to orthodontic tooth movements is
still not accomplished at final splinting. However, the clini-
cal findings of a continuous pocket reduction from baseline
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FIGURE 2 Clinical situation of a 35-year-old patient
diagnosed with stage IV periodontitis with pathological tooth
migration (spacing and flaring) (A) after step 1 and 2 of periodontal
therapy (TO = baseline), (B) 1 year after regenerative surgery (T1),
(C) 10 years after regenerative therapy (T10).

to Ty, to T, and to T} underline the benefit of the combined
regenerative-OT. Mean PPD reduction and pocket closure
at final splinting in this study are similar to the data of the
mid-term follow up of 24 years as previously reported.'®
The long-term effectiveness of this combined regenerative
therapy and orthodontic treatment is shown by further
improvement of rBL and pocket closure at 10 years. The
low number of sites with residual deeper pockets could
be maintained by regular re-instrumentation during SPT
visits. This indicates that, in the setting of a specialized
practice, a good prognosis even for severely periodontally
compromised patients can be achieved if compliant with
SPT and adequate oral hygiene.?’

The present study analyzing the stability and long-term
effectiveness of regenerative periodontal therapy com-
bined with early orthodontic tooth movement is -to our
knowledge- the study with the largest number of defects

FIGURE 3 (A-D): Radiographical situation of 48-year-old
patient diagnosed with stage IV periodontitis (A) after step 1 and 2
of periodontal therapy (TO = baseline), (B) 1 year after regenerative
therapy (T1), (C) at final splinting (T2), (D) 10 years after
regenerative therapy (T10).

and longest observation time of this kind of interdisci-
plinary treatment approach published so far. The high
number of participants and defects treated in the set-
ting of a private practice strengthen the generalizability
of the results. Adding to the strengths of the study, the
radiographs were evaluated by the same blinded exam-
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FIGURE 4 (A-D) Box plots showing mean changes in

radiographic bone level over time (256 defects in 22 patients) (A) at
defect level (B) at patient level, average over all defects (C) at deepest
defect per patient n = 22 (D) for different treatment modalities. CM,
collagen membrane; DBBMc, collagenous demineralized bovine
bone mineral; EMD, enamel matrix derivative.

iner, data analysis was performed by an independent
expert statistician, both not being involved in the clinical
phases of the study. Furthermore, the study was conducted
independently and not funded by industry.

However, the present study also has inherent limita-
tions, primarily due its retrospective study design and a

missing comparison group. Therefore, the study has to be
regarded as a large-scale feasibility study for the design of
further prospective randomized clinical trials.

Possible sources of bias, such as orthodontically induced
root resorption, the use of radio-opaque bone fillers, mea-
surement errors of rBL due to change of tooth position have
been discussed previously in great detail.'®

The present results cannot be easily compared to those
of previously published studies because of differences in
study protocols with regard to regenerative procedures,
patient and defect selection, choice of outcome measures,
time points between regenerative and OT and lengths of
follow-up.

However, the protocol of our study and the observed
long-term tooth retention by this combined periodontal-
regenerative and orthodontic treatment are in line with
and in support of the recently published EFP S3 clini-
cal practice guideline (CPG) on the treatment of stage
IV periodontitis.” ! According to the evidence-based CPG
there is a clear recommendation for orthodontic treat-
ment of regeneratively treated intra-bony defects since
this combined treatment significantly improves periodon-
tal outcomes and significantly reduces inflammation as
long as guidelines of regenerative periodontal treatment'®
and sequences of therapeutic interventions are followed."
Based on the recommendation of the evidence-based EFP-
S3 level CPG for the treatment of stage IV periodontitis,!
inflammation has to be under control before, during, and
after OT, as it was accomplished in the present study by
a rigorous supportive care program over a long period of
time.

There is only one earlier study reporting 10-year data
following the interdisciplinary treatment of regenerative
periodontal therapy and consecutive orthodontic tooth
movements which can serve as a direct comparison,?’
however, with a far smaller number of regeneratively
treated defects (n = 36) compared to our study (n = 256).
The authors focused on clinical parameters and not
on rBL gain. They reported a mean PPD reduction of
3.2 mm and pocket closure of 83% at the 10-year follow-
up which is comparable to 2.9 mm mean PPD reduc-
tion and 90% of pocket closure observed in the present
study. A second long-term follow-up with an average
of 11 years?' on the combined perio/orthodontic therapy
did not distinguish in their outcomes between resectively
and regeneratively treated defects. Mean PPD reduction
was therefore much less with 1.6 mm. However, the
observed pocket closure of 87% reveals the same ten-
dency for stability of treatment outcomes as in our study
for successful combined periodontal/regenerative and OT.
A major difference between these two studies and the
present one is the time point of orthodontic intervention
(12 months vs. 3 months after periodontal surgery). A
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reduced overall treatment time should be viewed as an
advantage.

Early orthodontic tooth movements, 3 months after
regenerative surgical therapy in this study, did not have a
negative impact on long-term outcomes in patients with
stage IV periodontitis. This is not only in agreement with
the 1-year findings of a multi-center randomized clinical
trial on timing of OT - early versus late-stating that there is
no adverse effect of early application of orthodontic forces
after regenerative therapy - thus reducing overall treat-
ment time" and the according CPG recommendation,!!
but indicates that early OT does not preclude but may even
support favorable long-term outcomes.

Retention of teeth—as strongly recommended being the
first line of treatment strategy by the EFP CPG for stage
IV periodontitis''—was possible over 10 years in our study
with only 4.5% of tooth loss due to non-periodontal rea-
sons, in particular, due to root fracture and endodontic
lesions. This is in line with 2.7% of tooth loss due to
root fracture as reported in a previous study.’’ The pri-
mary outcome of our study—change of rBL—has not been
investigated in previous long-term studies**?! or cannot
be compared due to the lack of distinction between resec-
tive or regenerative periodontal therapy before orthodontic
tooth movements.?!

As already stated in our former report'® the com-
parison of two independent retrospective cohort stud-
ies with regeneratively treated intra-bony defects in the
same practice with the same protocol, including surgical
procedures, outcome measures and follow-up with and
without orthodontic tooth movement!® was in favor of
the combined therapy. With all limitations of such an
indirect comparison using a “historical control group,”
it was remarkable to observe—when now looking at
the 10-year follow-up in both cohort groups- that the
improvements with regard to mean BL gain in the present
study with combined perio/orthodontic therapy were even
higher (4.48 mm, 256 defects) than in the cohort, where
patients did not undergo OT (3.9 mm, 226 defects). The
same applies to PPD reduction with 2.91 mm in the
present study and 2.28 mm in the group without OT
at the 10-year follow-up. Since the baseline character-
istics of the treated defects with regard to mean PPD
were similar in both cohorts these findings seem to indi-
cate a possible “stimulating” effect of orthodontic tooth
movement in the early healing phase on the regener-
ative outcomes, as previously suggested by pre-clinical
investigations.”®° However, this observation should be
interpreted with great caution. Further preclinical trials
and well controlled clinical research are warranted to
decode the effects of mechanical loading after regenerative
procedures.

5 | CONCLUSION

Within the limitations of the retrospective study design,
the present results suggest that the combination of regener-
ative treatment and consecutive early OT in patients with
stage IV periodontitis well adherent to a strict mainte-
nance protocol can lead to favorable and stable long-term
results after 10 years. These findings are in line with and
support the current recommendations for this clinical case
type 2 of stage IV periodontitis and at the same time pro-
vide a promising long-term perspective that has not been
available so far.

In the future, well planned prospective randomized clin-
ical trials that also include patient-related and orthodontic
outcome measures will further refine the most suitable
protocol for the combined regenerative and orthodontic
treatment of patients with stage IV periodontitis.
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radiographic bone level from T, to Ty,

Fixed effects

(Intercept)

rBl at TO

Smoking

Random effects:

Patient standard deviation
Residual standard deviation
R2:

R2m/R2c
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Estimate (SE) p-Value
—1.00 (0.46) 0.031
0.69 (0.05) <0.0001
—1.99 (0.76) 0.017
0.836
1.76
0.474/0.571
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Zielsetzung der Arbeit

Lange Zeit wurde Uber den bestmdglichen Zeitpunkt fiir den Beginn der kieferorthopadischen
Zahnbewegung nach regenerativer Parodontitistherapie bei Stadium IV Parodontitis mit PTM
diskutiert. Wahrend einige Autoren empfahlen, dass die parodontale Wundheilung nach
regenerativer Parodontitistherapie vor kieferorthopadischer Zahnbewegung abgeschlossen sein
solite, kamen andere zu dem Schluss, dass der frihe Beginn kieferorthopadischer
Zahnbewegung nicht nur keine negativen, sondern sogar positive Effekte auf die parodontalen
Parameter haben konnte. Der optimale Zeitpunkt des Beginns kieferorthopddischer
Zahnbewegung nach regenerativ-parodontalchirurgischer Therapie wurde deswegen bis vor
Kurzem als ,,grey zone" bezeichnet (Pini Prato & Chambrone, 2020).

Daher war es das Ziel dieser prospektiven randomisierten Studie, die Auswirkung eines friihen
oder  spdten  Beginns  kieferorthopddischer ~ Zahnbewegung  nach  regenerativ-
parodontalchirurgischer Therapie bei Stadium IV Parodontitis mit PTM zu untersuchen und

miteinander zu vergleichen.

Methoden und Ergebnisse

Diese Untersuchung war eine multizentrische, multinationale, randomisierte prospektive klinische
Studie. Insgesamt wurden 43 Patienten mit Parodontitis Stadium [V mit PTM aus vier
verschiedenen Zentren (Deutschland (n=2), Spanien, ltalien) zur Teilnahme an der Studie

ausgewahlt. Nach Randomisierung der Patienten wurde die kieferorthopddische Zahnbewegung
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entweder ein  Monat (n=23) oder sechs Monate (n=20) nach regenerativer
parodontalchirurgischer Therapie begonnen. Einzelheiten dazu sind der Abbildung | der zugrunde
liegenden Originalarbeit zu entnehmen. Im Rahmen der parodontalchirurgischen Therapie wurde
der Zahn mit der ausgeprdgtesten PTM als ,target tooth”, der tiefste intraoperative messbare
Knochendefekt als ,target site” ausgewdhlt und regenerativ therapiert.

Ein Jahr nach regenerativer Therapie wurde die Verdnderung des CAL, PPD, BOP und PC
Uberprift. Es zeigten sich keine signifikanten Unterschiede zwischen frihem oder spatem Beginn
der kieferorthopddischen Zahnbewegung nach vorheriger regenerativer Therapie intraossarer
Defekte bezlglich CALg (54 £2,Imm versus 45mm + |,7mm), PPDr (4,2 + |,9mm versus 3,9

+ 1,5mm) und PC (91% versus 85%).

Schlussfolgerung:

Die Ergebnisse dieser multizentrischen, multinationalen und randomisierten Studie konnten
zeigen, dass kieferorthopddische Zahnbewegungen schon frih nach regenerativer Therapie
vertikaler Defekte bei Stadium IV Parodontitis, Typ 2 begonnen werden kénnen. Das
randomisierte prospektive Design erlaubte erstmalig den Nachweis, dass der friihe Beginn zu
(nicht-signifikant) besseren Ergebnissen als der spdte Beginn der kieferorthopddischen
Zahnbewegung mit dem Vorteil einer deutlichen Reduktion der Gesamtdauer der

interdisziplindren parodontalchirurgischen und kieferorthopddischen Therapie fuhrt.
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Abstract

Aim: To compare the outcomes after early (4 weeks post surgery) or late (6 months
post surgery) orthodontic therapy (OT) following regenerative surgery of intra-bony
defects (IDs).

Materials and methods: In a multi-center, parallel-group, randomized clinical trial,
43 patients with stage IV periodontitis were randomized to receive either early
(n = 23) or late OT (n = 20) following regenerative surgery of IDs. Primary outcome
was change in clinical attachment level (CAL) in one target ID at 12 months after sur-
gery. Secondary outcomes were changes of probing pocket depth (PPD), bleeding on
probing (BOP), and frequency of pocket closure.

Results: No statistically significant differences between groups could be observed for
CAL gain (5.4 mm [+2.1 mm)] for early; 4.5 mm [£1.7 mm] for late OT). PPD was
reduced by 4.2 mm (£1.9 mm) in the early group and by 3.9 mm (£1.5 mm) in the late
group (p > .05). Pocket closure (PPD < 4 mm) was obtained in 91% of defects in early
compared to 85% in late OT.

Conclusion: In the inter-disciplinary treatment of periodontitis stage IV, OT can be
initiated already 4 weeks after regenerative surgery of IDs with favourable results,

thus reducing the overall treatment time.

KEYWORDS
orthodontic tooth movement, pathologic tooth migration, regenerative periodontal therapy,
stage IV periodontitis

Clinical Relevance

Scientific rationale for study: Information on the treatment of patients with stage IV periodontitis
with intra-bony defects (IDs) and pathological tooth migration (PTM) in need of orthodontic
therapy (OT) is limited. The optimal interval between regenerative periodontal surgery and OT is
a matter of ongoing debate.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Journal of Clinical Periodontology published by John Wiley & Sons Ltd.
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Principal findings: After 12 months, significant periodontal improvements of similar magnitude

were observed following early (after 4 weeks) and late (after 6 months) initiation of OT.

Practical implications: Teeth severely compromised by IDs and PTM can be treated successfully

by regenerative surgery followed by early OT with the advantage of an overall reduced

treatment time.

1 | INTRODUCTION

The presence of severe periodontal attachment loss, vertical bone
loss, and pathological tooth migration (PTM) (Brunsvold, 2005) is a
key clinical feature of stage IV periodontitis (Papapanou et al., 2018;
Tonetti & Sanz, 2019). An inter-disciplinary approach is required to
control the periodontal infection, reconstruct the defects, and realign
the migrated teeth (Re et al., 2000; Gkantidis et al., 2010; Cardaropoli
et al., 2014; Sanz & Martin, 2015). Such a comprehensive treatment
includes the steps 1 and 2 of periodontal therapy followed by step
3 including regenerative periodontal surgery (Sanz et al., 2020) and
subsequent orthodontic therapy (OT).

However, only limited data exist on these combined periodontal
regenerative and orthodontic approaches (Martin et al., 2021). At pre-
sent, clinicians have to rely mainly on case reports and prospective as
well as retrospective clinical case series. In particular, the optimal time
interval between periodontal surgery and the initiation of OT is a mat-
ter of ongoing debate. It may be safe to wait until the end point of
regenerative therapy has been reached (usually between 6 and
12 months) and not to interfere with periodontal wound-healing
(Pini Prato & Chambrone, 2020). Case reports and series with long-
term follow-ups have reported favourable periodontal outcomes using
such a delayed approach (Ghezzi et al., 2008; Jepsen et al., 2015;
Roccuzzo et al., 2018; Aimetti et al., 2020).

Other reports have suggested that OT may be initiated almost imme-
diately or up to 3 months after regenerative surgery (Cardaropoli
et al, 2006; Ogihara & Wang, 2010; Attia et al., 2012a, 2019; Ghezzi
et al,, 2013). No adverse effects were reported, and some authors specu-
lated that early tooth movement could even stimulate periodontal
wound-healing. Very recently, a large retrospective case series of patients
with stage IV periodontitis, where OT was started 3 months after regen-
erative surgery, showed substantial improvements after 12 months and
could be maintained up to 4 years (Tietmann et al., 2021).

At present, there are no data available from randomized clinical
trials (RCTs) that have compared the periodontal outcomes following
early versus late initiation of OT in stage IV periodontitis (Martin
et al., 2021). As many patients affected by such a condition are inter-
ested to seek orthodontic treatment because of the aesthetic and
functional changes caused by PTM (Hirschfeld et al., 2019), this ques-
tion is of high clinical relevance.

The aim of this randomized, multicentre trial was to compare two
different protocols of a combined treatment comprising regenerative
periodontal surgery and subsequent orthodontic tooth movement in
subjects with periodontitis stage IV in order to establish whether one

treatment protocol is superior to the other with regard to periodontal

outcomes. The two treatment groups differed by the time point of ini-
tiation of OT (early: 4 weeks vs. late: 6 months following regenerative

periodontal surgery).

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This study was designed as a prospective, multicentre, multinational,
randomized parallel-group clinical trial with a 12-month follow-up
(ClinicalTrials.gov, identifier: NCT 02761668). All investigators attended
calibration meetings to standardize case selection by discussion of pro-
spective cases, clinical measurement techniques, and surgical and ortho-
dontic procedures. On-site rules for the compilation of the data
collection sheets for appropriate oversight were frequently re-
evaluated to ensure the validity of the data. The study was designed to
test the hypothesis that one treatment protocol was superior to the
other with regard to periodontal outcomes after 12 months. An over-
view of study procedures and exams is presented in Figure 1.

Study participants were consecutively recruited from patients
treated by experienced periodontists and orthodontists in Germany
(University of Bonn and Private Practice, Aachen), in Italy (Private
Practice, Torino), and in Spain (Complutense University of Madrid).

Ethical approval was obtained by the Ethical Committee, Univer-
sity of Bonn (code 034/16) for the centres Bonn and Aachen and by
the competent local authorities for the centres Torino (code PROT
04-2017) and Madrid (code 16/492-E). All subjects gave their
informed consent after the investigators had provided a thorough
explanation of the study procedure and its associated risks and
benefits. All study procedures were performed according to the Dec-
laration of Helsinki (1975, revised in 2008) on experimentation involv-
ing human subjects.

Individuals presenting severe periodontitis and PTM (stage IV
periodontitis; Papapanou et al., 2018) who fulfilled the following inclu-

sion and exclusion criteria were invited to participate:

2.1.1 | Inclusion criteria

e Completed steps 1, 2, and 3 (except for experimental regions) of
periodontal therapy;

e Presence of ID(s) (3 mm or deeper) with indication for periodontal
regenerative surgery at incisors, canines, or premolars with PTM

requiring OT;
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Screening Baseline 4 Weeks 6 Months 12 Months
Visit 1 Visit 2 Visit 3 Visit 5 Visit 6
RScrtleenin"g Regenerative
stop 182 porodontal Periodontal Orthodontic
therapy Surgery tooth
movement
early OT
L Orthodontic
tooth
. / movement
Randomization
late OT
~
Ll

CAL CAL CAL

PPD PPD PPD

BOP BOP BOP

PUS PUS PUS

FMPS FMPS FMPS

FMBS FMBS FMBS

PROMS
Supportive periodontal care
FIGURE 1 Chronological sequence of examinations, periodontal and orthodontic therapy (OT), early OT initiated 4 weeks after, and late OT

initiated 6 months after regenerative periodontal surgery

Adequate oral hygiene and control of inflammation in the whole
dentition as demonstrated by a full-mouth plaque score (FMPS) of
<25% and a full-mouth bleeding score (FMBS) of <25%.

2.1.2 | Exclusion criteria

Furcation involvement of the teeth to be treated;

Smoking exceeding five cigarettes per day or pipe or cigar
smoking;

Uncontrolled metabolic disorders;

Presence of medical contraindications for oral surgical procedures;

Known sensitization to collagen-based medical products.

In patients with more than one ID meeting the inclusion criteria,
only one tooth was defined as the target tooth and the most severe

defect as the target site.

2.2 Interventions

221 |

Regenerative periodontal surgery

Selected areas for surgery were anaesthetized by block and/or infiltra-
tion. The surgical procedures were adapted to the treatment algorithm
introduced by Cortellini and Tonetti (2015). Minimally invasive micro-
surgical approaches including access by papilla preservation flaps were
used. Depending on the defect configuration and/or prevention of soft
tissue collapse into the defect, a bone filler (DBBMc, Bio Oss® Collagen;

Geistlich, Wolhusen, Switzerland) was used. If the graft material was at

43

risk for dislocation in non-contained defects, a collagen membrane (Bio
Gide®Perio; Geistlich, Wolhusen, Switzerland) was applied without pin
or suture fixation. Enamel matrix derivative (EMD, Emdogain®;
Straumann, Basel, Switzerland) was applied as an adjunct to the root
surface after debridement for contained defects. In some cases, a peri-
osteal fenestration at the base of the flap was used to facilitate coronal
repositioning of the soft tissue. Suturing techniques using non-
resorbable 6-0 and 7-0 monofilament sutures (e-PTFE, W.L. Gore,
Phoenix, AZ) included internal offset vertical mattress suture, inter-
rupted single suture, double sling suture, or a combination of these. Pri-
mary closure of the surgical site was confirmed with magnification (3.5-
to 4.4-fold) at the end of surgery. In all centres, one single experienced
periodontal surgeon performed all procedures (Karin Jepsen, Christina
Tietmann, Daniele Cardaropoli, Ignacio Sanz Sanchez).

A stringent anti-infective regimen was enforced post operation,
including the use of a chlorhexidine mouth rinse (0.2%) three times
daily for the first 4 weeks. Pain control consisted of 600 mg ibuprofen
or 500 mg paracetamol; patients were instructed to take one tablet at
the end of the procedure and one 6 h later, and to continue as needed
in case of pain. Antibiotics were prescribed at the discretion of the
surgeon. After 10-14 days, sutures were removed. Regular tooth

brushing was resumed 4 weeks post surgery.

222

|  Orthodontic therapy

For each subject individual, the treatment objectives were defined
and visualized with manual or virtual set-ups. Prior to periodontal
therapy, passive fixed appliances were inserted for stabilization in

cases of increased tooth mobility (>grade 1). Initiation of active OT
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was commenced at 4 weeks (early) or 6 months (late) after periodontal
surgery according to randomization, involving fixed orthodontic appli-
ances and individualized segmented arch mechanics. Maximum
emphasis was on applying low forces and moments. Bone-borne tem-
porary anchorage devices, splints, as well as trans-palatal and lingual
arches served for anchorage reinforcement. After the pre-defined
tooth positions were accomplished, orthodontic appliances were
removed and teeth were stabilized with a combination of splints for

the night and bonded retainers or fibre-reinforced restorations.

2.2.3 | Supportive periodontal therapy

Following periodontal surgery, recall visits were scheduled at 2 days,
2 weeks, and 4 weeks; thereafter, all subjects received regular sup-
portive care every 2 months for the whole duration of the study. In

case of recurrence of signs of inflammation, OT would be

Periodontology

discontinued until controlled by gentle professional tooth cleaning
and oral hygiene reinforcement.

23 | Outcomes
The primary outcome measure was the change in clinical attachment
level (CAL) on the pre-determined tooth site (target site) after
12 months. During surgery, the tooth site with the most advanced bone
loss (cemento-enamel junction [CEJ] to bottom of the defect) was deter-
mined and became the target site. Secondary outcomes were probing
pocket depth (PPD), recession (REC), bleeding on probing (BOP), suppu-
ration, pocket closure (PPD <4 mm; PPD <4 mm; no BOP), wound-
healing, and patient-reported outcomes with respect to pain.

Prior to initiation of the study, all investigators participated in a
calibration meeting. Intra-examiner agreement level for CAL/PPD

within 1 mm (x1 mm) was set at 97%.

[ Enrollment ]

Assessed for eligibility (n=53)

Randomized (n=53)

Excluded (n=10)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=10)

+ Other reasons (n=0)

A4

\4 [ Allocation ] v
Allocated to early OT (n=27) Allocated to late OT (n=26)
+ Received allocated intervention (n=23) + Received allocated intervention (n= 20)
+ Did not receive allocated intervention (patient + Did not receive allocated intervention
did not give reasons) (n=4) (wanted to be in early OT group) (n=6)
y [ 12 Month J
S
Lost to follow-up (give reasons) (n= 0) Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
v [ Analsis J v
Analysed (n= 23) Analysed (n= 20)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n= 0)

FIGURE 2  Study flowchart following CONSORT guidelines for clinical trials. Fifty-three patients met the inclusion criteria, and 26 patients
were allocated to the group with late orthodontic therapy (OT) after regenerative periodontal surgery and 27 to the group with early OT after
regenerative periodontal surgery. Ten patients withdrew from the study: six expected to be part of the early and withdrew after allocation to the
late treatment group, and four (allocated to the test group) did not want to continue the study without giving any reason
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2.3.1 | Clinical measurements

Three to six months after completion of steps 1, 2, and 3 (except for
study regions) of periodontal therapy, baseline clinical parameters
were recorded. All measurements were repeated 6 and 12 months
after regenerative periodontal surgery (Figure 1).

The measurements of CAL and PPD were obtained with a
pressure-sensitive probe (Click-Probe, Kerr, Switzerland; or Florida
Probe, Gainesville, FL) to the nearest millimetre at six sites per tooth.
BOP and suppuration were assessed dichotomously (as present or
absent); BOP was positive if it occurred within 15 s after periodontal
probing. Bleeding scores were recorded at six sites (mesio-buccal,
buccal, disto-buccal and mesio-oral, oral, and disto-oral). FMBS were
then calculated. FMPS were recorded at four sites (mesial, buccal, distal,
and oral) of each tooth present and calculated as the percentage of the
total surfaces exhibiting plaque (O'Leary et al., 1972).

2.3.2 | Clinical characterization of intra-bony
defects during surgery

Using intra-operative exploration, defects were described as one-, two-
and three-wall defects (Papapanou & Tonetti, 2000). The distance from
the CEJ to the bottom of the defect was measured, and the depth of
the intra-bony component was recorded as the distance between the
marginal bone crest and the deepest location of the osseous defect.
The site with the most advanced bone loss, as measured from
CEJ to the bottom of the defect, was determined and became the

target site.

2.3.3 | Assessment of wound-healing and pain

Complete flap closure of the surgical site was confirmed with magnifi-
cation at the end of surgery and then re-evaluated at the 2- and
4-week follow-up appointment. The presence of any dehiscence in
the soft tissues was noted. Local adverse events such as hematoma,
oedema, or signs of inflammation at the treated site were recorded.
Patient perceptions of pain were rated using a 100-mm visual ana-

logue scale (VAS) in a questionnaire given to the patient.

24 | Sample size

241 | Sample size calculation

The calculation of the number of patients to be treated was based on
the primary objective of detecting a true mean difference of at least
1 mm difference in CAL change after 12 months between both groups
(early vs. late). Assuming a standard deviation of 1.71 mm for the CAL
change (Ghezzi et al., 2013), the intended sample size of 20 patients
per treatment group was calculated to be sufficient to detect the
established CAL difference between groups with a power of 80%.

2.5 | Randomization and blinding

Study registration and treatment assignment procedures were done
by the clinical research centre at the University Bonn, Germany. Sub-
jects were randomized to early or late OT based on computer-
generated random codes using random permuted blocks. Allocation
was concealed to the surgeon by sealed opaque envelopes. The
calibrated examiner in each centre was blinded to the treatment
assignment. Study nurses administering questionnaires were masked

with respect to treatment allocation.

2.6 | Statistical analysis

Computerized chairside data entry into a periodontal electronic
database (Parostatus, Berlin, Germany or Florida Probe database)
allowed export via Excel into the statistical software program.
Descriptive statistics were summarized as means and standard devi-
ations for quantitative data and frequencies and percentages for
qualitative data. Means for each treatment group and differences
between treatment groups were presented, along with the associ-
ated 95% confidence intervals as well as p-values for differences
within treatment groups. The primary comparison of CAL change
after 12 months between treatment groups was based on a two-

sided (95% confidence limits) two-sample t-test, at the 5% level of

significance.

TABLE 1 Patient, tooth, and defect characteristics at baseline
Early OT, Late OT,
n=23 n=20

Age (years) 454 +11.9 520+94
Gender (female/male) 17/6 9/11
Smoking status

Current (<5 cigarettes) 3

Former 1

Never 19 17
FMPS 129 +4.9 152+ 6.2
FMBS 10.5+4.8 127 £ 6.9
Tooth

Incisor/canine/premolar 21/2/0 13/6/1

PPD (mm) 73+1.6 71+17

CAL (mm) 9.8+25 92+25
Defect characteristics

CEJ-bottom of defect (mm) 112+26 10.0+3.5

Depth intra-bony component (mm) 59+27 52+1.8

Three walls 11 13

Two to three walls 6 4

Two walls 6

Abbreviations: CAL, clinical attachment level; CEJ, cemento-enamel
junction; FMBS, full-mouth bleeding score; FMPS, full-mouth plaque
score; OT, orthodontic treatment; PPD, probing pocket depth.
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The effect of centres on the primary outcome was checked
with a two-factorial analysis of variance for the factor treatment
and centre including treatment by centre interaction. Since no
evidence for interaction was found, the centre-controlled treat-
ment effect was estimated from a second model, dropping the
interaction term.

Statistical analysis of the clinical data was performed by an inde-
pendent biostatistician (Rolf Fimmers) using the software SAS version
9.2 (SAS Institute Inc., Cary, NC).

FIGURE 3 A 25-year-old
patient diagnosed with periodontitis
stage IV with pathological tooth
migration (spacing and flaring).

(a) Clinical situation after steps

1 and 2 of periodontal therapy,
flaring teeth 12, 11 and 21, 22 with
advanced attachment loss, labially
displaced and elongated. Target site
21b, with CAL = 7 mm and

PPD = 7 mm. (b) Regenerative
surgical procedure for an intra-bony
two-wall defect, 6 mm deep; follow-
up 1 week and 2 weeks. (c) Clinical
situation 12 months after
regenerative surgery (early OT
group): Target site 21b, with

CAL =2 mm and PPD = 3 mm. (d)
Radiographic situation at baseline
(left) and 12 months after (right)
regenerative surgery

WILEY_L*

Periodontology
3 | RESULTS
3.1 | Patient and defect characteristics

Between July 2016 and July 2019, a total of 53 patients were consecu-
tively recruited and screened at the four study centres (7-26 per centre).
All screened and potentially to be included subjects had received steps
1, 2, and 3 (except for study regions) of periodontal therapy (Sanz
et al, 2020). Following the screening visit 3-6 months after therapy,

12 months
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subjects were included in the study if the inclusion/exclusion criteria were
met. A total 10 patients withdrew from the study: 6 expected to be part of
the early treatment group and withdrew after allocation to the late treat-
ment group, and 4 dropped out without giving any reason. After surgery,
43 patients remained in the study (early = 23; late = 20). The 12-month
follow-up was completed by July 2020. A study flowchart is presented in
Figure 2. Baseline patient and defect characteristics showed to be well bal-
anced for the two study groups and are displayed in Table 1. All 43 patients
had been diagnosed with periodontitis stage IV and—based on a calculation
of percent bone loss/age at baseline—with grade C, except for 6 patients
with grade B (2 in early and 4 in late OT). A combination therapy of EMD
+ DBBM was used in 35 defects (17 in early and 18 in late OT), and a com-
bination of collagen membrane and DBBM in 4 defects (2 in early and 2 |
late OT); 4 defects in the early OT group received EMD alone because
these patients had not consented to the application of a bovine-derived
graft. A representative example of a treated patient included in the present

analysis is displayed in Figure 3 and in Figure S1.

3.2 Outcomes

The analysis for the primary outcome—namely CAL change after
12 months—revealed a difference in CAL gain of 0.89 mm (95%

confidence interval: [-0.36 to 2.15], p = .159) in favour of the early
treatment group, formally not rejecting the null hypothesis of no dif-
ference in treatment effects between both groups (Table 2).

Clinical findings at baseline and at 6 and 12 months after regener-
ative surgery are presented as group means for the target sites
(Table 3). Both groups were well balanced at baseline with regard to
CAL and PPD and showed statistically significant improved outcomes
after 12 months (p < .0001). After 12 months, in groups with early
and with late initiation of OT, the percentage of target sites showing
pocket closure (PPD <4 mm) was similar (91% vs. 85%). Pocket
closure in combination with the absence of BOP was seen in 69% of
the target sites in the group with early OT compared to 75% in the
group with late OT (Table 3).

Low baseline FMPS of 12.9 + 4.9% versus 15.2 + 6.2% (early
vs. late) were well maintained over the study period with values of
15.0 + 5.8% versus 15.0 + 7.0% at 6 months and 16.9 + 10.1% versus
17.0 £ 8.6% at 12 months. These scores were accompanied by low
FMBS of 10.5 +4.8% versus 12.7 + 6.8% at baseline, 10.6 + 4.9%
versus 7.7 £ 4.9% at 6 months, and 14.7 + 13.1% versus 11.3 + 9.1%
at 12 months.

Surgeries and post-operative sequelae were uneventful, and no
patient in any group developed major complications. Patient percep-
tions after surgery and wound-healing scores were very similar in both

TABLE 2 Changes in clinical parameters clinical attachment level (CAL) and probing pocket depth (PPD) compared to baseline at 6 and
12 months (mean + standard deviation [SD]) for target sites in early and late treatment group and differences between both groups in CAL

change after 12 months (primary outcome)

Early OT n = 23,

BL—6 months BL—12 months
ACAL (mean +SD)  mm 4.69 +1.7 539+22
Estimate 95% Cl  5.4-3.9 6.3-4.4
APPD (mean + SD) mm 434 +1.7 421+19
Estimate 95%Cl  5.1-3.6 5.0-34

Late OT n = 20, Early versus late OT,

BL—6 months BL—12 months  Achange BL—12 months

405+20 445+ 1.7 0.89 p=.16
4.9-3.1 5.3-3.6 2.2to0 -0.3

380+13 390+15 0.31 p=.51
4.4-3.2 4.6-3.2 1.3t0 -0.6

Abbreviations: BL, baseline; Cl, confidence interval; OT, orthodontic treatment.

TABLE 3 Clinical parameters (mean + standard deviation [SD]) for target sites in early and late orthodontic treatment (OT) group at baseline,

6 months, and 12 months

Early OT n=23,

Variable baseline 6 months 12 months
CAL (mean + SD) mm 9825 51+19 44+17
Estimate 95% ClI 8.8- 10.9 4.3-59 3.7-5.2
PPD (mean + SD) mm 73+1.6 3.0+0.9 3.1+0.9
Estimate 95% ClI 6.6-8.0 2.6-3.4 2.7-3.5
Plaque (+) n (%) 4(17%) 3(13%) 3 (13%)
BOP (+) n (%) 13 (53%) 6 (26%) 7 (30%)
PUS (+) n (%) 1 0 0
Pocket closure n (%) n/a 22 (95%) 21 (91%)

(PPD < 4 mm)
Pocket closure n (%) n/a 16 (69%) 16 (69%)

(PPD < 4 mm,

no BOP)

BL versus Late OT n =20, BL versus
12 months baseline 6 months 12 months 12 months
p <.0001 92+25 51+21 47 +24 p <.0001
8.0-10.4 4.1-6.1 3.6-5.8
p <.0001 71+17 32+09 32+11 p <.0001
6.3-7.9 2.7-3.6 2.7-37
1(5%) 1(5%) 2 (10%)
9 (45%) 4 (20%) 3(15%)
2 0 0
n/a 17 (85%) 17 (85%)
n/a 15 (75%) 15 (75%)

Abbreviations: BL, baseline; BOP, bleeding on probing; CAL, clinical attachment level; Cl, confidence interval; PPD, probing pocket depth; PUS, suppuration.
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groups. Two weeks after surgery, 7/23 patients (early OT) and 6/20
patients (late OT) reported having experienced some pain (VAS
ranges: 4-49, 9-50). None of the patients presented with signs of
swelling or complications at the second and fourth week visit. At
these time points, primary closure was noted in 21/23 defects of the
early OT group, with 2 defects showing a slight dehiscence. All
defects in the late OT group healed with primary closure. No patients
showed recurrence of signs of inflammation.

A subsequent additional analysis with the intention to assess pos-
sible effects due to the centre revealed a significant difference of CAL
change between centres (p = .030), without evidence for a treat-
ment-centre interaction (p = .635). An estimation of the treatment
effect controlling for centres revealed a difference in CAL change
after 12 months of 1.30 mm ([0.12-2.47], p = .032) between the

groups in favour of the early treatment group (Figure S2).

4 | DISCUSSION

The present multicentre, randomized trial was designed to test the
hypothesis that one protocol for a combined perio-regenerative/OT
(early or late OT after regenerative surgery) would be superior to the
other. Our results did not provide evidence for superiority of one over
the other treatment approach with regard to the primary outcome of
CAL after 12 months. Even though in the group with early OT, on
average, 0.9 mm more CAL gain was observed, this difference failed
to reach statistical significance. Both treatment modalities led to sig-
nificant periodontal improvements, as demonstrated by mean CAL
gains of 5.4 and 4.5 mm, respectively, as well as pocket closure
(PPD < 4 mm) in the vast majority of the treated defects. An addi-
tional analysis, taking any centre effect into account, pointed to a sig-
nificant advantage of early OT. Taken together, these findings show
for the first time in a large randomized trial that in the inter-
disciplinary treatment of periodontitis stage IV with PTM and IDs, OT
can be initiated already 4 weeks after regenerative surgery with
favourable results, thus reducing the overall treatment time for the
patients.

The question addressed in this study is of high relevance for clini-
cians and for patients, as, so far, the available information to guide the
decision making on the treatment of stage IV periodontitis patients in
need of OT is scarce (Martin et al., 2021). Based on the outcomes of
the present study, the clinician together with the patient can select
the treatment protocol that will best suit the individual needs of the
patient. The selected study design—a randomized trial—is the only
way to answer the study question. The trial was based on an adequate
sample size calculation and had sufficient statistical power. The multi-
centre approach enabled recruitment of sufficient suitable participants
in a reasonable period of time and, together with the multi-national
distribution of the centers, added to the generalizability of our find-
ings. Both patient groups were well matched with regard to their
baseline characteristics. Furthermore, all patients were treated by
experienced, calibrated, and blinded surgeons and examined by expe-

rienced, calibrated, and blinded assessors using pressure-sensitive

Periodontology

periodontal probes. Importantly, the study was conducted indepen-
dently of industry and employed a variety of biomaterials from differ-
ent manufacturers. The selection of these biomaterials was well
justified based on the recommendations of a recent clinical guideline
workshop for the regenerative treatment of IDs (Nibali et al., 2020;
Sanz et al., 2020). That in most defects a combination approach of
either DBBM + EMD or DBMM + collagen membrane was used is
supported by current evidence that such combination therapies yield
2020; Tsai
et al., 2020). Finally, the data analysis was conducted by an indepen-

the most favourable results (Stavropoulos et al.,

dent expert statistician who was not involved in the clinical phases of
the trial.

Interestingly, the direction and magnitude of the between-group
effect (favouring early vs. late OT) on the primary outcome was very
similar in three of the four centers, whereas no obvious differences
were observed in one center. The size of the within-group treatment
effect in the four centers could have been affected by the respective
patient, by the case/defect selection, and also by slight variations in
treatment, such as directions of tooth movements and others.

However, the present study has also some limitations, which are
inherent to the study design. It was not possible to blind the exam-
iners for the 6 months' evaluation because at this time point one
group of patients (early OT) presented with orthodontic appliances,
whereas the other (late OT) group did not. Likewise, a blinding of the
orthodontists was not always possible. Furthermore, probing mea-
surements at all six tooth sites were sometimes impaired by the ortho-
dontic appliances. The use of a stent with grooves for guiding the
probe at the “target sites” was not possible, because teeth would
change their position over time. This also precluded the use of repro-
ducible radiographs for the analysis of radiographic bone changes.
Altogether, these limitations illustrate the challenges faced during the
design and conduct of studies on combined perio-regenerative-
orthodontic therapies.

Because of the differences in study protocols with regard to
patient and defect selection, regenerative procedures, choice of out-
come measures, intervals between periodontal and OT, and lengths of
follow-up, the present results cannot be easily compared with those
of previously published studies. Only one earlier study has evaluated
in a comparative non-randomized fashion the effectiveness of differ-
ent time points of initiating active orthodontic tooth movement on
the regenerative potential of IDs (Attia et al., 2012a). Using a split-
mouth design, the authors compared in 15 patients with malocclusion,
each contributing three IDs, three protocols: regenerative therapy
with bioactive glass and a collagen membrane followed by (1) immedi-
ate OT, (2) OT starting after 2 months, and (3) no OT. In defects
treated according to modality (1) CAL gains of 5.1 + 1.4 mm and PPD
reductions of 4.0 + 0.8 mm were found after 12 months as compared
to 4.3 £ 0.6 mm and 3.7 = 0.9 mm in group 2. However, these differ-
ences between immediate and delayed OT were not statistically sig-
nificant. Owing to lack of a sample size calculation, no randomization,
and information on treatment allocation and blinding, the study has
obviously a high risk of bias as judged by current standards. Still, the

authors are to be commended to have addressed the question of
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timing and early orthodontic treatment for the first time. It is of inter-
est to note that their results are comparable in magnitude with the
outcomes of the present large multicentre trial. With regard to the pri-
mary outcome, that is, CAL change after 12 months, the mean CAL
gains after early and late OT obtained in our study amounted to 5.4
and 4.5 mm, respectively. Previous studies had reported mean values
of 5.8 mm (Ghezzi et al., 2008), 4.4 mm (Ghezzi et al., 2013), 3.7 mm
(Ogihara & Wang, 2010), and 3.1 mm (Attia et al., 2019). As indicated
above, there is an ongoing debate whether the application of ortho-
dontic forces during the healing after regenerative surgery may be
detrimental or rather beneficial for the periodontal outcomes.

In order to put the magnitude of CAL gains into perspective, a
comparison with reported CAL changes following regenerative proce-
dures in IDs in stage Il periodontitis are of interest. Here, in a recent
systematic review which included 79 RCTs and various regenerative
techniques, CAL gains between 1.3 and 4.8 mm were reported (Nibali
et al., 2020). Thus, the measured CAL gains in the present study fol-
lowing combined perio-regenerative/orthodontic treatment are on
the higher end of the scale. This can be due to differences in initial
defect selection and in particular baseline defect morphology in the
different studies, as shown by Nibali et al. (2021). However, this com-
parison may also indicate an enhancement of healing due to the
applied biomechanical forces and the resulting occlusal equilibration
when regenerative procedures are combined with OT.

Up to now, only one RCT has compared regenerative surgery without
or with “limited” orthodontics after 4 weeks (Ogihara & Wang, 2010). The
authors assessed periodontal outcomes after the application of slight
extrusive forces 4 weeks after regenerative surgery of IDs mainly in molar
teeth. At 12 months, no significant differences in CAL gains and PPD
reduction could be found between the groups. Data of the 6-month
follow-up from the present randomized multicentre trial also allowed a
direct comparison between the clinical healing of IDs with or without the
influence of OT. The CAL gain after 6 months in the early OT group
(under the influence of 5 months of active orthodontic tooth movement)
amounted to 4.7 mm, whereas in the late OT group (no orthodontic tooth
movement), 4.1 mm of CAL gain was obtained. Even though the present
RCT was not primarily designed for this comparison because the pre-
determined study end point was at 12 months, these observations can be
cautiously interpreted as OT having no detrimental but perhaps a slight
beneficial effect on the periodontal outcome after 6 months.

These findings are in line with indirect evidence that was put for-
ward and discussed in a previous publication (Tietmann et al., 2021). The
authors compared data from two independent retrospective cohort stud-
ies; in both of them patients with IDs with similar baseline characteristics
with regard to mean bone level and PPD were treated in the same prac-
tice with the same protocol, including the regenerative surgical proce-
dure, outcome measures, and follow-up. In one of the cohorts, there was
no need for orthodontic tooth movement (Broseler et al., 2017), whereas
in the other cohort the necessary OT was initiated 3 months after regen-
erative surgery (Tietmann et al., 2021). Within all limitations of such an
indirect comparison using a “historical control group”, it was interesting
to observe that the improvements with regard to mean radiographic
bone level gain in the cohort with combined perio/orthodontic therapy

were higher (4.6 mm) than in the cohort, where patients did not undergo
OT (3.9 mm). Even though in these studies the mean radiographic bone
level gain was the primary outcome as compared to the CAL gain in the
present RCT, the magnitude of differences in outcome between groups
with and without OT was quite similar. Moreover, in the cohort studies
(Broseler et al., 2017; Tietmann et al., 2021) the selection of biomaterials
was very similar to that in the present RCT.

Taken together, these findings seem to indicate a possible “stimu-
lating” effect of orthodontic tooth movement in the early healing phase
on the regenerative outcomes, as previously suggested (Vardimon
et al, 2001; Diedrich et al., 2003; Nemcovsky et al., 2004; Attia
et al., 2012b). However, as stated above, these observations should be
interpreted with great caution. Further well-controlled, pre-clinical
experiments are needed to elucidate the effects of mechanical loading
on the early and late healing events after regenerative procedures.

With regard to secondary outcomes, the mean PPD reduction we
observed following early and late OT of 4.2 and 3.9 mm, respectively,
are in agreement with the mean PPD reduction ranging from 3.2 to
5.5mm in previous studies (Ghezzi et al, 2008; Ogihara &
Wang, 2010; Attia et al, 2012a; Ghezzi et al, 2013; Roccuzzo
et al., 2018). The frequency of pocket closure (PPD < 4 mm) in the
present study was 91% and 85%, respectively. These values compare
well to the 84% observed by Tietmann et al. (2021) and are also in
agreement with a reported frequency of 17% of pockets with residual
PPD >4 mm after 10 years, by Roccuzzo et al. (2018).

According to a recently published commentary, the lack of an accu-
rate “gold standard”, a research-based moment for initiating orthodontic
tooth movement after periodontal therapy, would demonstrate that a
“grey zone” of evidence remains and knowledge on periodontal wound-
healing dynamics may be considered the best “biologic starting point” of
orthodontic treatment for treated periodontitis patients (Pini Prato &
Chambrone, 2020). The authors proposed a personalized periodontal
algorithm and postulated that OT should be initiated 1 year after regen-
erative treatment. In view of the present new evidence, such a cautious
approach should be revisited. OT may be initiated much earlier with no
detrimental effects on the healing outcomes and with the prospect of a

shortened overall treatment time for the patient.

5 | CONCLUSION

The findings of the present randomized trial have demonstrated that
in stage IV periodontitis, teeth with IDs and in need of orthodontic
tooth movement, in patients who adhered well to regular SPT and
maintained a high level of oral hygiene, OT can be initiated as early as
4 weeks after regenerative surgery with favourable periodontal out-
comes that are at least as good as those obtained after delayed OT.
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Zielsetzung der Arbeit

Diese Arbeit hatte als Fortfihrung der multizentrischen randomisierten Studie das Ziel, die
Auswirkung der kombinierten, regenerativ-parodontalchirurgischen und kieferorthopddischen
Therapie auf die parodontalen Parameter und die Mundgesundheitsbezogene Lebensqualitdt

(OHrQol) der Patienten nach 24 Monaten zu untersuchen.

Methoden und Ergebnisse

Den 43 Patienten der multizentrischen prospektiven Studie Jepsen et al. (2021) wurden zwolf
Fragen bezlglich der allgemeinen Mundgesundheit ,general oral health assessment index"
GOHAI bei Beginn der Behandlung und nach 6, 12 und 24 Monaten gestellt, die sie nach einer
Likert-Skala (O=nie bis 4= sehr oft) beantworten mussten. Die Ergebnisse der Fragen wurden
addiert bzw. bei inversen Fragen umgekehrt und dann zu einer Endskala von 0-48 Punkten
reichend addiert. Hohe Punkte der Endskala lieBen auf starke Beeintrdchtigung, niedrige auf
geringe Beeintrdchtigung der OHrQoL schlief3en.

Gleichzeitig wurden die Ergebnisse beziglich der klinischen Parameter CAL und PPD in den
beiden Gruppen — friher (4 Wochen) vs. spater Beginn (6 Monate) der kieferorthopddischen
Therapie — nach 24 Monaten nachuntersucht.

Alle Patienten wurden in einem UPT-Programm wahrend der Studie in kurzen Intervallabstdnden

betreut.
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Nach 24 Monaten zeigten sich statistisch signifikant bessere Ergebnisse bezlglich CALg in der
Gruppe mit frihem Beginn der kieferorthopddischen Zahnbewegung (CALg 596 + 2,1 _mm) im
Vergleich zu spatem Beginn (CALg 4,65 + |,7 mm) nach regenerativer Therapie. Im Vergleich zu
den Ergebnissen |2 Monate nach regenerativer Therapie (Jepsen et al, 2021) war eine weitere
statistisch signifikante Verbesserung nach 24 Monaten mit |.31mm CALg zu Gunsten der friihen
kieferorthopadischen Zahnbewegung nach regenerativer Parodontalchirurgie zu beobachten. In
gleicher Weise konnten die PPD zwischen |2 und 24 Monaten bei frihem und spatem Beginn
der kieferorthopddischen Therapie konstant gehalten und eine Taschenelimination (PC) von 91%
bzw. 90% erzielt werden.

Der Gewinn an OHrQol verbesserte sich in beiden Gruppen wahrend der fortlaufenden
Therapie, ohne dass Unterschiede bezlglich friiher oder spéter beginnender kieferorthopadischer
Zahnbewegung nach regenerativer Therapie festgestellt werden konnten. Patienten, die nach 24
Monaten die kombinierte Therapie beendet hatten, zeigten eine hdhere Zufriedenheit als
Patienten, bei denen die kieferorthopddische Therapie zu diesem Zeitpunkt noch nicht
abgeschlossen war. Einzelheiten sind der Abbildung 2 der zugrunde Originalpublikation zu

entnehmen.

Schlussfolgerung

In dieser randomisierten multizentrischen Studie konnte erstmalig gezeigt werden, dass die
kombinierte regenerativ-parodontalchirurgische Therapie mit anschlie3ender
kieferorthopadischer Zahnbewegung auch nach 24 Monaten zu signifikant verbesserten
parodontalen Parametern geflhrt hatte. Dabei war bei friihem Beginn der kieferorthopddischen
Zahnbewegung nach regenerativer Therapie ein statistisch signifikant hoherer Gewinn an CAL zu
beobachten. Die Patienten nehmen die kombinierte Therapie als deutlichen Gewinn an

Lebensqualitdt in Bezug auf die Mundgesundheit (OHrQol) wahr.
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Abstract: In stage IV periodontitis patients with pathologic tooth migration (PTM), interdisciplinary
treatment includes regenerative periodontal surgery (RPS) with an application of biomaterials and
orthodontic therapy (OT) to restore function, esthetics and thereby quality of life (QoL). In a 24-month
randomized trial we explored the synergy between regenerative medicine and biomechanical force
application. The following methods were used: Forty-three patients had been randomized to a com-
bined treatment comprising RPS and subsequent OT starting either 4 weeks (early OT) or 6 months
(late OT) post-operatively. Clinical periodontal parameters and oral health-related QoL (GOHAI)
were recorded up to 24 months. We obtained the following results: Mean clinical attachment gain
(ACAL = SD) was significantly higher with early OT (5.96 £ 2.1 mm) versus late OT (4.65 £ 1.76 mm)
(p = 0.034). Pocket closure (PPD < 4 mm) was obtained in 91% of defects with early OT compared
to 90% with late OT. GOHAI-scores decreased significantly from 26.1 £ 7.5 to 9.6 + 4.7 (early OT)
and 25.1 7.1 to 12.7 & 5.6 (late OT). Inconclusion, teeth severely compromised by intrabony defects
and PTM can be treated successfully by RPS followed by early OT with the advantage of an over-
all reduced treatment time. As a result of the combined periodontal-orthodontic therapy, the oral
health-related QoL of patients was significantly improved. Early stimulation of wound healing with
orthodontic forces had a favorable impact on the outcomes of regenerative periodontal surgery.

Keywords: oral health-related quality of life; oral rehabilitation; regenerative periodontal therapy;
orthodontic tooth movement; pathologic tooth migration; bovine bone mineral; collagen; enamel
matrix derivative; stage IV periodontitis; randomized clinical trial

1. Introduction

In stage IV periodontitis patients with pathologic tooth migration (PTM), the sole
treatment of periodontitis is usually not sufficient to restore oral health, correct masticatory
dysfunction/malocclusion and improve their quality of life (QoL). The periodontal status
of these patients is characterized by a similar severity and complexity in terms of inflam-
mation, attachment and bone loss, as in stage III periodontitis, but may require a combined
periodontal /orthodontic treatment (OT) for oral rehabilitation in order to restore function
and esthetics [1-4].
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It is well established that a regenerative periodontal treatment of intrabony defects
can be successfully performed using various surgical procedures and biomaterials [5-9],
provided that periodontal inflammation is under control by means of steps 1 and 2 of
periodontal therapy. The combination of periodontal regenerative surgery (RPS) and
consecutive orthodontic tooth movements in stage IV periodontitis patients was found to
be efficient effective in the short-term [10], and the outcomes to be stable for up to 10 years
under the premise of an adherence to a strict oral hygiene/maintenance protocol [11-15].

The optimal time interval between regenerative periodontal surgery and the initiation
of OT has always been a matter of debate. Pini Prato and Chambrone (2020) [16] proposed
waiting until the endpoint of regenerative therapy has been reached in order not to interfere
with periodontal wound healing. In contrast, other authors have suggested a “stimulat-
ing” effect of early orthodontic tooth movement on the regenerative outcomes [17-19].
Several case reports [20-24], and a randomized clinical trial (RCT) [10], demonstrate that
teeth severely compromised by intrabony defects and PTM can be treated successfully
by regenerative surgery followed by early OT, with the advantage of an overall reduced
treatment time.

Nevertheless, a gain in clinical attachment (CAL) and radiographic bone level, as well
as reduction in probing pocket depths (PPD) and bleeding on probing (BOP) alone, may
not be sufficient to evaluate the overall success of stage IV periodontitis treatment. Patient-
related outcomes (PROMs) as “true endpoints” are reported to be equally or more relevant
to patients’ daily lives [25,26] and it has been suggested that appropriate oral health-related
quality of life (OHrQoL) outcomes should be included in the design of clinical studies [27].
Based on the rationale of a broader view of oral health and its rehabilitation, a number of
tools have been introduced in order to measure the extent to which oral conditions affect
an individual’s behavior and social life, as well as to complement the conventional clinical
assessments of oral health [28-33].

Several studies reported that patients with more severe periodontitis rated their
OHrQoL as poorer than those who had less severe periodontitis [29,34-36]. In addition,
a positive perception by patients of the outcomes of long-term supportive therapy after
regenerative surgery could be shown [37].

Malocclusion is an important and prevalent oral health problem worldwide [38,39]
and has a negative impact on OHrQoL [40,41]. However, at present, there are no data from
studies available that have evaluated the impact on OHrQoL in stage IV periodontitis with
pathological tooth migration. Likewise, to the best of our knowledge, no studies have
investigated the impact on OHrQoL of a combined periodontal and orthodontic treatment
to restore function and esthetics in these patients [4].

A recent multi-center randomized trial [10] evaluated the periodontal outcomes of
regenerative surgery in stage IV periodontitis patients in combination with staged or-
thodontic therapy after 12 months. Secondary outcomes of the study protocol also included
OHrQoL measures at the baseline and up to 24 months. Here, we report the impact of the
combined periodontal-orthodontic treatment on changes of clinical periodontal parameters
and oral health-related quality of life.

2. Materials & Methods
2.1. Study Design and Patients

The present manuscript reports secondary outcomes of a prospective multicenter,
multinational, randomized, parallel-group clinical trial (ClinicalTrials.gov, identifier: NCT
02761668) after 24 months. Special emphasis was given to patient-reported outcomes. The
study protocol had been previously approved by the respective ethical committees for
human subject trials from the centers participating in the study. The lead ethics committee
was at the University of Bonn (code 034/16).

In brief, 43 patients with stage IV periodontitis were periodontally treated (steps 1-3
of periodontal therapy). Teeth with pathologic tooth migration and intrabony defects
received regenerative periodontal surgery as described by Cortellini and Tonetti [5], fol-
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lowed by orthodontic treatment (OT) initiated 4 weeks after regenerative surgery (early OT,
n = 23 patients) or 6 months after regenerative surgery (late OT, n = 20 patients) (Figure 1).

Assessed for eligibility (n=53)

l

Randomized (n=53)

[ Enroliment ]

Excluded (n=10)

+ Not meeting inclusion criteria (n=0)
»| + Declined to participate (n=10)

+ Other reasons (n= 0)

Al Allocation v
Allocated to early OT (n=27) Allocated to late OT (n=26)
+ Received allocated intervention (n=23) + Received allocated intervention (n= 20)
+ Did not receive allocated intervention (patient + Did not receive allocated intervention
did not give reasons) (n= 4) (wanted to be in early OT group) (n=6)
12 Month
Lost to follow-up (give reasons) (n= 0) Primary outcome data |Lost to follow-up (give reasons) (n= 0)
Jepsen et al. 2021
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
[ 24 Month
. Analysis v
Analysed (n= 23) Secondary outcome  [Analysed (n= 20)
Excluded from analysis (give reasons) (n=0) data Excluded from analysis (give reasons) (n= 0)
Quality of life / GOHAI Questionnaires Quality of life / GOHAI Questionnaires
Stability of Clinical Data Stability of Clinical Data

Figure 1. Study flowchart following CONSORT (Consolidated Standards of Reporting Trials) guide-
lines for clinical trials. Fifty-three patients met the inclusion criteria, 26 patients were allocated to the
group with late orthodontic therapy (OT) after regenerative periodontal surgery, and 27 to the group
with early OT after regenerative periodontal surgery. A total of 10 patients withdrew from the study,
6 expected to be part of the early and withdrew after allocation to the late treatment group. The other
4 patients allocated to the test group did not want to continue the study without giving any reason.
All patients of the study completed their 24-month examination.
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The details of the study protocol were presented in a previous paper reporting
12-month clinical results [10].

2.2. Minimally Invasive Regenerative Periodontal Surgery

Microsurgical approaches, adapted to the treatment algorithm by Cortellini and Tonetti
(2015), were applied to access the defects. A bone substitute (DBBMc, Bio Oss® Collagen;
Geistlich, Wolhusen, Switzerland) was used to fill the defect and to prevent a soft tis-
sue collapse. In non-contained defects, a collagen membrane (Bio Gide®Perio; Geistlich,
Wolhusen, Switzerland) was applied. An enamel matrix derivative (EMD, Emdogain®;
Straumann, Basel, Switzerland) was used for contained defects. Suturing was accomplished
with non-resorbable 6-0 and 7-0 monofilament material (e-PTFE, W. L. Gore & Associates,
Flagstaff, AZ, USA) by internal offset vertical mattress sutures, interrupted single sutures,
double sling sutures, or a combination of these for achieving primary closure.

2.3. Orthodontic Therapy

Individual treatment objectives were defined and visualized for each subject. In
cases of increased tooth mobility (>grade 1), passive fixed appliances were inserted prior
to periodontal therapy for stabilization. Orthodontic tooth movement was carried out
using fixed orthodontic appliances and individualized segmented arch mechanics in
pre-adjusted 0.022-inch slot-sized brackets. Orthodontic movement was started with
a 0.012 nickel-titanium (Ni-Ti) wire, followed by the alignment with the sequence of
0.014 Ni-Ti, 0.016 Ni-Ti, 0.018 Ni-Ti and 0.016 x 0.016 stainless steel wire. Up to the
sequence of 0.016, Ni—Ti wire teeth were “secured” by a figure eight ligature in order to
provide continuous transmission of orthodontic forces. Maximum emphasis was put on
applying low forces and moments. Bone-borne temporary anchorage devices were used in
some cases for anchorage reinforcement. Once treatment goals were achieved, orthodon-
tic appliances were removed, and teeth were stabilized with bonded fixed retainers or
fiber-reinforced restorations. In all cases, target teeth were moved toward the defect.

2.4. Supportive Care

Frequent recall visits were scheduled at 2 days, 2 weeks and 4 weeks post-surgery. Sub-
sequently, all patients were enrolled in a regular supportive care program every 2 months
for the duration of the study. In case of recurrent periodontal inflammation, OT was
interrupted until inflammation could be controlled by gentle biofilm removal and oral
hygiene reinforcement.

2.5. Periodontal Parameters

For each center, the same expert periodontists performed RPS, expert orthodontists
performed OT and the same calibrated examiners collected all clinical parameters. In
addition to the previously reported data at baseline, 6 and 12 months, the following
periodontal outcome variables were recorded at 24 months:

(1) Clinical attachment level (CAL),

(2) Probing pocket depth (PPD),

(3) Bleeding on probing (BOP),

(4) Full-mouth bleeding scores (FMBS),
(5) Full-mouth plaque scores (FMPS).

2.6. Patient-Reported Outcomes

After thorough explanation of the information to be collected, perceptions of OHrQoL
were assessed with a questionnaire given to all participants regarding their oral status
at baseline, 6, 12 and 24 months. The twelve-question general oral health assessment
index (GOHALI), originally developed by Atchinson and Dolan [42], was used as a tool
of measurement in validated translations of the GOHAI questionnaire into the native
language of the participants [43-45]. Each of the twelve questions referred to their personal
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experience in the previous 3 months and was answered independently by the patient using
a Likert scale (0 = “never” to 4 = “very often”) (Table S1).

For the evaluation, the answer scores for the twelve questions were summed up after
coding [25], and for questions 3, 5 and 7, scoring was inverted and the scale thus ranged
from 048 [28]. A high value indicates impairments of oral health-related quality of life,
and low values indicate only a few problems.

2.7. Data Analysis

Computerized chairside periodontal data entry into a periodontal electronic database
[Parostatus, Berlin, Germany or Florida Probe data base, USA] allowed for an export, via
excel, into the statistical software program.

Descriptive statistics were summarized as means and standard deviations for quanti-
tative data and frequencies and percentages for qualitative data. Means for each treatment
group and differences between treatment groups were presented, along with associated
95% confidence intervals.

The comparison of clinical CAL changes after 24 months between treatment groups
was based on a two-sided two-sample t-test, at the 5% level of significance. Statistical
analysis of the clinical data was performed by an independent biostatistician (RF) using the
software IBM® SPSS® Statistics 29 (Software version: 29.0.0).

3. Results

All 43 patients (mean age: 45.4 £ 11.9 years (early OT), 52.0 & 9.4 years (late OT),
26 females, 17 males) were followed up until the time of their 24-month visit (until January
2022) and when they had completed all of their follow-up examinations (Figure 1). At
24 months, thirty patients had finished the combined treatment with 18 patients (78%) in
the early group and 12 patients (60%) in the late group.

3.1. Periodontal Outcomes

Comparing the two treatment protocols, mean clinical attachment level gain (ACAL =+ SD)
after 24 months was statistically significantly higher for early OT (5.96 &+ 2.1; CI: 6.8, 5.1 mm)
versus late OT (4.65 £ 1.76; CI: 5.4, 3.9 mm) (p = 0.034). When compared to 12 months,
CAL showed further improvements at 24 months with an intergroup difference from the
baseline of 1.31 mm in favor of early OT (Table 1).

Table 1. Changes in clinical parameters CAL and PPD compared to baseline at 12 and 24 months
(mean =+ SD) for target sites in early and late treatment group. Differences between both groups in
CAL change after 24 months (secondary outcome) were tested by unpaired ¢-test.

Early OT n =23 Late OT n =20 Early vs. Late OT
BL-12 mo BL-24 mo BL-12 mo BL-24mo  AChange BL-24 mo
ACAL (mean & SD) mm 539 £22 596+£210 445+17  4.65+176 1.31 p=0.034
Estimate 95% CI [6.3,4.4] [6.81, 5.10] [5.3,3.6] [5.42, 3.88] [2.5,0.1]
APPD (mean + SD) mm 421+19 443+£162 390+£15 390+133 0.53 p=0.248
Estimate 95% CI [5.0,3.4] [5.1,3.7] [4.6,3.2] [4.5,3.3] [1.46,0.39]

BL: Baseline, CAL: Clinical Attachment Level, PPD: Probing Pocket Depth, CI: Confidence Interval.

Table 2 depicts descriptive statistics for clinical parameters at baseline (BL), 12 and
24 months. Both groups were well-balanced at baseline with regard to CAL and PPD and
showed statistically significant improved outcomes after 12 and 24 months (p < 0.0001):
Baseline CAL had changed from 9.8 to 3.9 (early OT) and from 9.2 to 4.5 mm (late OT)
at 24 months, respectively. Mean probing pocket depths (PPD) remained stable between
12 and 24 months with 2.9 mm (SD: 0.9) in the early OT group and 3.2 mm (SD: 0.9) in the
late OT group. Pocket closure (PPD < 4 mm) was obtained in 91% of defects with early OT
compared to 90% with late OT. Over the course of treatment, patients maintained their good
level of adherence to a strict 2-month performed supportive care protocol and full-mouth
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plaque scores were consistently low (FMPS well under 20%). This was accompanied by
low full-mouth bleeding scores (FMBS) of 10.5 &+ 4.8% vs. 12.7 & 6.8% (early vs. late) at
baseline, 10.6 = 4.9% vs. 7.7 £ 4.9% at 6 months, 14.7 £ 13.1% vs. 11.3 = 9.1% at 12 months
and 9.2 £+ 8.2% vs. 7.2 £+ 4.1% at 24 months (Table 3).

Table 2. Clinical parameters (mean =+ SD) for target sites in early and late orthodontic treatment (OT)
group at baseline, 12 months and 24 months. Differences between follow-up visits in CAL or PPD
after 24 months (secondary outcome) were tested by paired f-test.

Early OT (n = 23) Late OT (n = 20)

Variable - -
Baseline 12 mo 24 mo BL vs. 24 mo Baseline 12 mo 24 mo BL vs. 24 mo
CAL (mean + SD) mm 9.8 +25 44+1.7 3.94+19 p <0.0001 92425 47 4+24 4.50 + 2.19 p <0.0001
Estimate 95%CI  [8.8,109] [3.7,52] [3.1,47] [5.0,6.7] [8.0,104] [3.6,5.8] [3.5, 5.5] [3.9, 5.5]
PPD (mean + SD) mm 73+1.6 3.1+09 29409 p < 0.0001 71+17 32411 3.24+09 p < 0.0001
Estimate 95%CI  [6.6,80] [2.7,35] [25,3.3] [3.7,5.1] [63,79] [2.7,3.7] [2.7, 3.6] [3.1,54]
PI n (%) 4 (17%) 3 (13%) 2 (8%) 1 (5%) 2 (10%) 2 (10%)
BOP n (%) 13 (53%) 7 (30%) 4 (17%) 9 (45%) 3 (15%) 0 (0%)
PUS n (%) 1 0 0 2 0 0
Pocket closure o o o o o,
(PPD < 4 mm) n (%) n/a 21 (91%) 21 (91%) n/a 17 (85%) 18 (90%)
Pocket closure o o o o, o,
(PPD < 4 mm, no BOP) n (%) n/a 16 (69%) 18 (78%) n/a 15 (75%) 15 (75%)
BL: Baseline, CAL: Clinical Attachment Level, PPD: Probing Pocket Depth, PI: Plaque Index, BOP: Bleeding on
Probing, PUS: Suppuration, CI: Confidence Interval.
Table 3. Changes of patient-based plaque (FMPS) and bleeding scores (FMBS) over time: at baseline,
6, 12 and 24 months and numbers of patients in the different phases of orthodontic therapy (1 = active,
2 = retention phase, 3 = finished).
Early OT (n = 23) Late OT ( = 20)
Variables : .
Baseline 6 Months 12 Months 24 Months Baseline 6 Months 12 Months 24 Months
Orthodontic Number
therapy of patients
active n 23 12 20 17 2
retention n 9 5 3 6
finished n 2 18 0 12
Full-mouth
plaque scores
& bleeding scores
FMPS * (mean + SD) (%) 129+ 49 150+ 6 16.9 +10.1 1324+73 152+ 6.2 15.0£7.0 171+ 8.6 134+ 6.7
95% CI [11, 15] [12, 18] [13,21] [10, 16] [12, 18] [12, 18] [13,21] [10, 16]
FMBS ** (mean + SD) (%) 10.5 +4.8 10.6 =4.9 14.7 £ 13.1 9.2 +82 12.7 £ 6.8 7.7 +49 11.0 £9.0 72+4.1
95% CI [8,13] [9,13] [9, 21] [5,13] [10, 16] [6,10] [7,15] [5, 9]

* FMPS = full-mouth plaque score [O'Leary-1972], ** FMBS = full-mouth bleeding score (out of 6 sites per tooth).

3.2. Oral Health-Related Quality of Life (OHrQoL)

The OHrQoL of the patients, as measured by GOHAI sum-scores, improved contin-
uously over the course of the study from 26.1 + 7.5 to 9.6 & 4.7 for early OT and from
25.1 £ 7.1t0 12.7 £ 5.6 for late OT (Figure 2) without relevant differences between the two
treatment groups. In a subgroup of patients that had already completed the combined
perio-ortho treatment at 24 months (n = 18/23 for early OT and n = 12/20 for late OT), the
final GOHALI scores showed to be very similar (8.1 4= 4.4 vs. 8.8 == 4.7).
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General Oral Health Assessment Index
(GOHAI Sum-Score | Mean £ SD)

30
25
20 '
15 —
10 — :I:
5 —
— early OT
— late OT
Baseline OT completed
Surgery 6 months 12 months 24 months within S 24 months,
n=43 n=43 n=43 n=43 n=30
Late OT 25.1+7.3 21.9+5.5 19.5+5.7 12.7+5.8 8.8+4.7
Early OT 26.1+7.6 23.6+6.6 20.3+5.9 9.6+4.8 8.1+4.4

Figure 2. Patient-reported oral health-related quality of life (OHrQoL) as assessed by GOHAI sum-
scores recorded at baseline (before surgery), at 6, 12, and 24 months. Mean GOHAI scores (£ SD)
in subjects (n = 43) treated with late OT (red line) and early OT (black line). Mean GOHAI scores
(£SD) for subjects (n = 30) with OT completed in less or equal to 24 months are presented separately.
GOHAI scores are expressed as total sum scores with all 12 questions included (values ranging from
0 to 48) with higher scores indicating greater negative impact on oral health-related quality of life [28].

4. Discussion

The results of this 24-month follow-up of a multicenter RCT provide evidence that early
stimulation of periodontal wound healing with biomechanical forces has a favorable impact
on the clinical outcomes of regenerative periodontal procedures in stage IV periodontitis
patients with pathologic tooth migration. The present findings also support the hypothesis
that a combined periodontal regenerative and orthodontic treatment could significantly
improve the oral health-related quality of life of these patients. Both of the above findings
are novel and of high clinical relevance.

The scientific rationale for our previous study [10] was the limited information avail-
able on the treatment of patients with stage IV periodontitis with intrabony defects and
pathologic tooth migration in need of orthodontic therapy. The optimal interval between
regenerative periodontal surgery and orthodontic therapy (OT) had been a matter of on-
going debate. The principal findings after 12 months were that significant periodontal
improvements of a similar magnitude were observed following early (after 4 weeks) or late
(after 6 months) initiation of OT.

So far, to the best of our knowledge, no other randomized clinical study has evalu-
ated the effect of the timing of OT on periodontal outcomes over a period of 24 months.
These findings confirm a suspected “stimulating” effect of early OT on regenerative out-
comes [17-19,23]. Both healing after RPS and healing after OT are highly coordinated
processes in which various cells, such as immune, bone and periodontal ligament (PDL)
cells, cytokines and signals/pathways, are involved. The whole periodontal attachment ap-
paratus, including the alveolar bone, exhibits biological responses and changes, including a
modification of the local vascularization. As known from wound healing studies, cells can
respond to mechanical signals and micromechanical forces, where micro-deformations on
the cellular level can stimulate cell proliferation and division [46]. In particular, PDL fibrob-
lasts are mechano-sensing cells responsible for a complex immune response associated with
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the initiation of bone remodeling [47]. Fibroblasts can react to micro-deformational forces
with increased proliferation and expression of collagen type I, basic fibroblast growth factor
and transforming growth factor beta [48]. Mechanosensitive cells of the periodontium
possess the ability to respond to a mechanical load by changing their cellular functions,
including, among others, cytoskeletal rearrangement [47,49,50]. Mechanical stress of an
appropriate amount which is applied to the cell membrane is detected, among others,
by integrins and focal adhesion molecules, and, in this way, it triggers the assembly of
specified “stress fibers” of the cytoskeleton. The latter is connected to the nuclear lamina
by the linker of nucleoskeleton and cytoskeleton (LINC) complex [51]. In this way, the
rearrangement of the cytoskeleton is transduced to the nucleus, leading to transcriptional
changes affecting pathways that regulate cell proliferation, differentiation, motility, as well
as the production of cytokines and growth factors [52].

In periodontal disease [stage III or IV], the wound associated with intrabony peri-
odontal defects remains in the inflammatory phase and fibroblasts cannot perform their
tasks due to the inflammatory environment. It is known that, in the initial phase of tooth
movement, mechanical forces distort the interstitial space within the PDL and alveolar
bone [53,54]. By application of micro-mechanical forces applied shortly after regenerative
surgery, wound micro-deformations may induce cellular proliferation and migration [46]
and enhance periodontal regeneration as well as tissue remodeling [55]. However, it has to
be realized that the biological mechanisms underlying orthodontic tooth movement are
still not fully understood [56]. More well-designed preclinical experiments have to be per-
formed in order to elucidate the synergy between regenerative medicine and biomechanical
force application in periodontal defects to explain the favorable clinical outcomes of the
present study.

To the best of our knowledge, no other prospective study has investigated the impact
of a combined periodontal-orthodontic therapy on the quality of life of patients with stage
IV periodontitis affected by pathologic tooth migration. The finding of significant improve-
ments in OHrQoL, as measured by a continuous reduction in GOHAI scores, confirms that
the combined treatment not only improved the objectively assessed periodontal conditions
of the patients but also their subjective perception of regained oral health, due to improved
esthetics and function.

Earlier studies have already demonstrated that periodontal therapy has a positive
impact on OHrQoL in patients affected by periodontitis, as measured by various accepted
scoring systems [57-60]. These effects were mainly reported between 1 week and up to
12 months following the non-surgical periodontal treatment. No significant differences in
the positive impact on OHrQoL were seen when comparing quadrant-wise scaling and
root planing versus one-stage full-mouth disinfection [61]. Patients treated by periodontal
surgery reported a worse OHrQoL in the first post-operative week [62]. With regard to
the impact of periodontal surgery compared to non-surgical treatment, in some studies a
low impact was observed [58,63-65] whereas others reported more pronounced additional
improvements following surgery [66]. It has also been shown that orthodontic therapy has
a positive impact on OHrQoL in patients affected by malpositioned teeth/malocclusion.
Most of these studies, however, were conducted in children and adolescents [67]. Little, if
any, information is available on adults [68]. Based on these reports of positive impacts on
OHrQoL of orthodontic therapy in patients with malocclusion and of periodontal therapy
in patients with periodontitis it can be assumed that the significant improvements observed
in the present study can be attributed to both components of the combined therapy.

GOHAI sum scores, in the way they were calculated in the present study, can range
between 48 (worst OHrQoL) and 0 [28,69]. The GOHALI rather than the alternative OHIP
scoring system was chosen for the present study based on the findings by Ohrn and Jons-
son [28]. With regard to the magnitude of the effect observed, already at 12 months after
periodontal surgery mean GOHALI scores were reduced by about 6 points and decreased
by another 7 (late OT) and 10 points (early OT) at 24 months, respectively. Interestingly,
in the subgroup of patients in whom orthodontic treatment was completed at 24 months,
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the mean GOHAI scores were below 9, with no difference between the groups. In the
absence of a meaningful benchmark for comparison between mean scores, Tsakos [70]
proposed to employ minimally important differences (MID) instead to assist data inter-
pretability. Following this suggestion, Jonsson and Ohrn [69] established a MID of 3 for
improvements in GOHAI scores in 87 patients before, and at 12 months after, non-surgical
periodontal therapy.

At present, no such MID values have been reported for the treatment of stage IV peri-
odontitis patients. However, the significant improvements in OHrQoL (>15 GOHAI score
points) in the present study compare favorably with a reduction of 5.4 points, as reported
in a recent systematic review with meta-analysis, following prosthetic rehabilitation of
fully/partially edentulous with previous periodontitis [71].

The present 24-month follow-up of an RCT has several strengths, such as the prospec-
tive well-controlled design, the length of follow-up, the high adherence of the patients
to supportive care and compliance with a high level of self-performed oral hygiene, and
the multi-center, multi-national approach, among others. On the other hand, the limited
number of subjects and the fact that patients were treated in specialist settings may limit
the generalizability of the results.

Future interdisciplinary studies with close cooperation between periodontics and
orthodontics are warranted. A further exploration of the synergy between regenerative
periodontal medicine and biomechanical orthodontic forces and their impact on the pa-
tients” OHrQoL is of high clinical relevance because it is well-known that many adult
patients affected by severe periodontitis are interested in seeking orthodontic treatment
for oral rehabilitation due to the esthetic and functional changes caused by pathologic
tooth migration [72].

5. Conclusions

Within the limitations of this study, taken together, the findings of the present 24-month
follow-up show that a combined periodontal regenerative and orthodontic treatment for
patients with good adherence to supportive care protocols resulted in:

(1) significantly improved periodontal conditions,
(2) significantly higher CAL-gain for early initiation of OT,
(3) an overall significantly improved OHrQoL.

From the perspective of oral rehabilitation, orthodontic therapy plays an important
role in the comprehensive treatment of stage IV periodontitis patients. More well-designed
preclinical studies are warranted to further elucidate the mechanisms underlying the ob-
served synergy between periodontal regenerative medicine and orthodontic biomechanical
force application in advanced periodontitis.
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Zielsetzung der Arbeit

Die kieferorthopddische Therapie mittels Multibandapparaturen ist bei der Behandlung von
Erwachsenen hdufig mit dsthetischen, funktionellen und phonetischen Beeintrdchtigungen
verbunden. Nachdem in den vorherigen Studien festgestellt werden konnte, dass die kombinierte
regenerativ-parodontalchirurgische  Therapie  mit  anschlieBender  kieferorthopadischer
Zahnbewegung mittels Multibandapparaturen bei Stadium IV Parodontitis erfolgreich zum
Zahnerhalt und zur Verbesserung der parodontalen Parameter eingesetzt werden kann, sollte in
der vorliegenden Arbeit untersucht werden, ob diese kombinierte Therapie auch mit neueren,

kaum sichtbaren Clear Alignerschienen (CA) mdoglich ist.

Methoden und Ergebnisse

Zehn Patienten mit Stadium IV Parodontitis und pathologischer Zahnwanderung (PTM) und
insgesamt |03 intraossdren Defekten wurden nach erfolgreicher antiinfektioser Therapie (AIT)
parodontalchirurgisch regenerativ. mit DBBMc mit oder ohne CM oder EMD in einer
parodontologischen Fachzahnarztpraxis behandelt. Die kieferorthopddische Zahnbewegung
durch Clear Alignerschienen wurde erst begonnen, wenn die Zahnmobilitdt < 2 betrug, was im
Mittel nach 45 Monaten der Fall war. Die Patienten wurden angewiesen, die Clear
Alignerschienen mindestens 22 Stunden pro Tag zu tragen und alle zwei Wochen durch die
nachfolgende Schiene auszutauschen. Wihrend der kieferorthopddischen Therapie wurden die

Patienten in kurzen Intervallabstinden in der UPT betreut.
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Die Verdnderung des radiologischen Knochenniveaus (rBL) und der Sondierungstiefen (PPD)
wurde ein Jahr nach regenerativer Therapie und nach Abschluss der kieferorthopddischen
Therapie nachuntersucht. Es zeigte sich ein statistisch signifikant mittlerer radiologischer
Knochengewinn von 2,13 + [,64mm ein Jahr nach regenerativer Therapie und 3,02 + 2,00mm
nach Beendigung der kieferorthopddischen Zahnbewegung. PC wurde in 73% aller Defekte ein
Jahr nach regenerativer Therapie erreicht, was mit 76% PC bei Beendigung der

kieferorthopadischen Zahnbewegung stabil blieb.

Schlussfolgerung

Durch diese Studie konnte erstmalig aufgezeigt werden, dass der Einsatz von Clear Alignern in
der kombinierten regenerativ-parodontalchirurgischen und kieferorthopddischen Therapie bei

Patienten mit Stadium IV Parodontitis und PTM eine mdgliche alternative Option ist.
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Clinical effectiveness of regenerative periodontal surgery
and orthodontic tooth movement with clear aligners in
stage IV periodontitis: a case series

Christina Tietmann, Dr med dent/Sgren Jepsen, Prof, Dr med, Dr med dent, MS/Roxana Kauer/

Karin Jepsen, PD, Dr med dent

Objectives: To evaluate the clinical effectiveness of regenerative
treatment of intrabony defects in combination with consecutive
orthodontic therapy with clear aligners in stage IV (type 2) peri-
odontitis. Method and materials: Ten patients with a total of
103 intrabony defects were analyzed after regenerative surgery
using collagen-deproteinized bovine bone mineral with or with-
out collagen membrane or enamel matrix derivative followed by
orthodontic therapy with clear aligners. Changes in radiographic
bone level and probing pocket depths were evaluated after 1 year
(T,) and at final splinting (T,) after orthodontic tooth movement.
Results: Mean radiographic bone level gain was significant, with

2.13+1.64 mm at T, and 3.02 +2.00 mm at T,. Mean probing
pocket depth was significantly reduced from 5.40 + 1.80 mm
at baseline to 3.78 + 1.73 mm at T,, and remained stable with
3.73+1.70 mm at T,. Pocket closure (<4 mm probing pocket
depth) was accomplished in 76% of all defects. Tooth loss
amounted to 2.9%. Conclusion: Within the limitations of the
retrospective study design, the findings suggest that the interdis-
ciplinary treatment of periodontitis stage IV by regenerative
periodontal surgery and consecutive orthodontic therapy with
clear aligners can lead to favorable results. (Quintessence Int
2024;55:348-357; doi: 10.3290/].qi.b5213521)

Keywords: bovine bone mineral, clear aligner, orthodontic tooth movement, pathologic tooth migration, regenerative periodontal

therapy, stage IV periodontitis

The complexity of severe periodontal attachment loss, high
prevalence of intrabony defects, pathologic tooth migration
(PTM), bite collapse, and secondary occlusal trauma in stage IV
periodontitis may require the combination of periodontal regen-
erative and orthodontic treatment, according to the recently
published clinical practice guideline (CPG).13 This interdisciplin-
ary approach of periodontal regenerative and consecutive or-
thodontic therapy (OT) aims at controlling periodontal infec-
tion, reconstructing vertical defects, and realigning migrated
teeth to restore function and esthetics for a good long-term
prognosis of the dentition of the patients.

While it is well known that the combination of periodontal
and orthodontic tooth movement with fixed appliances is not
on average associated with any significant adverse effects in
periodontitis patients once successful steps 1 and 2 have been
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achieved,36 a considerable benefit for enhanced periodontal
parameters of the combined periodontal and orthodontic ther-
apy in comparison to periodontal therapy alone has been doc-
umented in a recent systematic review.” If periodontal regener-
ative therapy of intrabony defects is combined with orthodontic
tooth movements in stage IV periodontitis, an even more pro-
nounced improvement of periodontal outcomes and long-term
stability was observed in retrospective studies with a large num-
ber of defects.?? In addition, early timing of OT - by 1 month
after regenerative therapy - did not lead only to similar out-
comes of clinical periodontal parameters at 12 months, but
also to significantly greater clinical attachment level (CAL) gain
and improved quality of life in patients with stage IV periodon-
titis at 24 months after regenerative treatment, as a recent
multi-center randomized clinical trial revealed.t0:11

QUINTESSENCE INTERNATIONAL | volume 55« number 5« May 2024

69



Impaired function and esthetics are the major interests of
adult patients diagnosed with periodontitis to seek orthodon-
tic treatment, with the majority of patients indicating a prefer-
ence for clear aligners. They expressed that visibility of the or-
thodontic appliance would be a matter of concern.2 Although
the use of transparent aligner therapy seems to give an advan-
tage in terms of the patient preference for esthetics, objective
outcomes, such as occlusion or the condition of periodontal
tissues, are the prime matter of concern. The impact of clear
aligners on periodontal health versus fixed orthodontic applian-
ces in the long term have been discussed controversially.}3-21
While the benefit of the combined regenerative periodontal
and consecutive orthodontic therapy with fixed orthodontic
appliances in the treatment of stagy IV periodontitis is well doc-
umented,®! only limited data exist on the interdisciplinary
concept with clear aligners in patients diagnosed with stage IV
periodontitis.??

The aim of this retrospective analysis was to evaluate the
clinical effectiveness with regard to radiographic bone level
(rBL) gain of regenerative periodontal surgery of intrabony de-
fects in combination with subsequent orthodontic tooth move-
ment by clear aligners in patients with stage IV periodontitis
and PTM.

Method and materials

Study design and patients

This retrospective analysis included data of ten patients pre-
senting with severe periodontitis and PTM (stage IV periodon-
titis, case type 2,3 treated by an interdisciplinary approach in a
periodontal specialty practice (CT) in Aachen, Germany. The
interdisciplinary treatment consisted of a comprehensive peri-
odontal therapy including regenerative periodontal surgery
and subsequent orthodontic tooth movement with clear align-
ers, between 2016 and 2023.

The study was conducted in accordance with the Helsinki
Declaration (version 2008) and approved by the Ethics commit-
tee of the University of Bonn (#16/23). All patients had given
their written informed consent for a retrospective evaluation of
their clinical and radiographical data.

Inclusion criteria for the analysis were:

m successfully completed steps 1 and 2 of periodontal therapy
as exhibited by an adequate oral hygiene and control of in-
flammation (full-mouth plaque score [FMPS] of <20% and
full-mouth bleeding score [FMBS] of < 20%)

QUINTESSENCE INTERNATIONAL | volume 55+« number 5
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= one- or two-wall intrabony defects (3 mm or deeper) with
indication for periodontal regenerative surgery and PTM
requiring OT

m  clinical and radiographic data of a continuous follow-up from
1 year after regenerative surgery up to final splinting after OT

= aligner therapy was delayed until tooth mobility was <1.23

Exclusion criteria were:

= noncompliance with supportive periodontal therapy

= incomplete probing or radiographic data

m  additional surgical or maxillofacial treatment in the areas of
interest.

Patients with systemic diseases (ie, controlled diabetes) were
not excluded. All patients were nonsmokers.

Based on these criteria, ten patients with a total of 103 re-
generatively treated intrabony defects and subsequent OT by
clear aligners were included in the analysis.

Treatment

Regenerative periodontal surgery
Regenerative surgery of teeth with intrabony defects was per-
formed by a single experienced periodontist (CT) after successful
step 1 and 2 periodontal therapy and orthodontic consultation
in the period of 2016 to 2022. After block and/or infiltration anes-
thesia, a minimally invasive microsurgical approach for incisions
and release of the flap for regenerative procedures was used as
previously described.8%2425 Depending on the configuration of
the intrabony defect, the biomaterial for grafting of the intrabony
defect was chosen. A bone filler was used (collagenous deminer-
alized bovine bone mineral, DBBMc; BioOss Collagen, Geistlich)
to prevent a soft-tissue collapse into the defect. If the graft mater-
ial was at risk for dislocation in noncontained defects, a collagen
membrane (CM; Bio Gide Perio, Geistlich) was applied without
pin or suture fixation. Enamel matrix derivative (EMD; Emdogain,
Straumann) was used in contained defects to enhance periodon-
tal wound healing. Primary tension-free closure of the coronally
positioned flap was achieved by modified horizontal mattress
sutures and additional single interrupted sutures for papilla ad-
aptation (6-0 monofilament single sutures, Premilene US-
P6/0-DS13, B. Braun; Seralene USP6/0-DS12 SeragWiessner; Ser-
alene USP6/0-DS15, SeragWiessner). Apical split-flap preparation
was only performed if needed for coronal positioning and ten-
sion-free flap closure for healing on primary intention.
Postoperatively, a strict anti-infective protocol was adminis-
tered to the patient including the use of 0.2% chlorhexidine
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Regenerative Supportive periodontal
Surgery | therapy (SPT)
Orthodontic tooth movement
TO Tl TZ
Baseline 5 months ly final splinting
post-op post-op

Figl Chronologic sequence of treatment and examinations (T, T;, T,).

solution three times a day and refraining from mechanical tooth
cleaningin the surgically treated areas for 4 weeks or until com-
plete wound healing. After 10 to 14 days, sutures were removed.

Orthodontic therapy

After successful step 1 and 2 of periodontal therapy, orthodon-
tic consultation was performed to define and visualize the indi-
vidual interdisciplinary treatment options. In cases with in-
creased tooth mobility (> grade 1),23 removable acrylic splints
were inserted to facilitate stabilization of the clot and graft after

Table 1 Patient and defect characteristics

Parameter B(:Is:llig)e T,
Patients (n) 10
Sex, n (%) Female 6 (60)

Male 4 (40)
Mean age, y (range) 51.5(26-61) NA
Smokers (%) 0.0
Defects (n) 103 100
Single-rooted teeth, n (%) 58 (56) 57 (57)
Multi-rooted teeth, n (%) 45 (44) 43 (43)
Mean bone level (mm) 8.41+2.40 8.45+2.38
DBBMc + EMD, n (%) 29 (28.16)
DBBMc + CM + EMD, n (%) 49 (47.57)
EMD, n (%) 25 (24.27)

CM, collagen membrane; DBBMc, collagenous demineralized bovine bone mineral; EMD, enamel
matrix derivative.
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regenerative therapy. If needed for additional stabilization
during surgery, semi-permanent lingual splints were inserted
prior to regenerative surgery.

After complete wound healing, intraoral scans of the max-
illa and the mandible were taken for concise orthodontic treat-
ment planning by aligner therapy. Tooth movements and end-
points were defined with regard to existing PTM. Depending on
tooth mobility, active orthodontic tooth movements with low
forces and moments started in mean 4.5 months (range 2 to
12 months) after periodontal regenerative surgery, using clear
aligners in all patients performed by two experienced ortho-
dontists (PW, LS). Attachments were bonded if needed with
regard to planned tooth movements (mean number 7.4). All
patients were instructed to wear the aligners full-time except
during meals and oral hygiene, and to change the aligners ev-
ery 2 weeks. When the predefined treatment goals for esthetic
and function in each patient had been accomplished, active OT
was considered completed. In six cases, scans for minimal re-
finements by additional clear aligners were necessary to opti-
mize occlusal contacts. The individual duration of OT deter-
mined the time span of active orthodontic tooth movements,
from delivery of the first aligner to final splinting, and varied
from 8 to 21 months with a mean duration of 12.6 months.

The number of aligners varied from 18 to 42 aligners. Treat-
ment outcomes were stabilized by fixed retainers and remov-
able splints.

Supportive periodontal therapy

Following regenerative therapy, supportive therapy started
with a strict interval of 4 weeks up to 3 months during the
whole duration of OT.26 If inflammation reoccurred, OT was dis-
continued until oral hygiene reinforcement and cautious pro-
fessional tooth cleaning displayed control of inflammation.

Outcomes

Clinical and radiographic measurements

The primary outcome measure was change in rBL; change in
PPD and frequency of pocket closure (sites with PPD <4 mm)
served as secondary outcomes after 12 months (T,) and at final
splinting (T,) after active OT. During surgery, the tooth site with
the most advanced bone loss mesially or distally (distance be-
tween the cementoenamel junction or restoration to the bot-
tom of the defect) was defined as target site. For calibration of
the preoperative periapical radiograph, the intraoperative
bone level (BL) was applied by using the overall tooth length as
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Fig2atod Clinicaland radiographic situation of a 25-year-old patient diagnosed with stage IV periodontitis with pathologic tooth migration
(spacing and flaring). At initial exam before step 1 and 2 of periodontal therapy (T, = baseline) (a).

a reference length, as previously described.?* The radiographs
were then analyzed using ImageJ software (Version 1.43u, Na-
tional Institutes of Health) by a trained and calibrated examiner
(RK) who was not involved in the surgeries. For all timepoints,
baseline (T,), 1 year (T,), and at final splinting (T,) after active
OT, complete clinical and radiographic data were obtained for
all 100 defects in ten patients as previously described (Fig 1).8°

Statistical analysis

The statistical analysis was performed using the statistical soft-
ware R, version 4.2.3,2" with a significance level of 5%. rBL and
PPD, and its change over time, were summarized descriptively
for three time points (T, T,, and T,) at the defect and patient
level, and for the most severe defect per patient by means and
standard deviations (SDs).

For the comparison of change in rBL and PPD between time
points, a Wilcoxon signed-rank test was used. To take into ac-
counta possible clustering at the patient level, a Wilcoxon signed-
rank test for clustered data was applied.? A logistic regression
with time as fixed and patient and defect as random effects was
run to compare the pocket closures between time points.

To explore the effect of explanatory variables FMBS and
FMPS at T, on the change of rBL from baseline to T,, a multilevel
analysis was performed using a linear mixed effect regression
with the patient as the random factor. To control for the influence
of “rBL at baseline” this was included as an additional covariate.
Pvalues were derived with the Satterthwaite degrees of freedom
method.? The level of significance of each test was set to .05.

Statistical analysis of the clinical and radiographic data was
performed by an independent expert biostatistician (UW).

QUINTESSENCE INTERNATIONAL | volume 55+ number 5 « May 2024

Results
Patient and defect characteristics

Ten patients with a total of 103 defects diagnosed with stage IV
periodontitis grade C (n = 8) and grade B (n =2) were included
in this retrospective analysis. Data collection was completed by
December 2023. Prior to OT, all patients had received steps 1, 2,
and 3 of periodontal therapy,3° and showed full adherence to
the scheduled appointments of supportive therapy during OT.
The number of regeneratively treated defects per patient
ranged from 2 to 22 with an average of 10.3 defects.

Mean rBL of the 103 defects was 8.42 + 2.40 mm. Complete
observation data at T, were available for 100 defects with a mean
rBL at baseline of 8.45 +2.38 mm. Tooth loss at T, amounted to
2.9% at T, (two teeth in two patients at T, one tooth at T,) as a
result of root fracture.

A combination of DBBMc + EMD was used in 28.16% of all
defects, and a CM was added to this combination therapy in
47.57%. EMD alone was applied in 24.27% of the defects.

Patient and defect characteristics at baseline are presented
in Table 1.

Outcomes

Surgeries and soft tissue healing were generally uneventful,
and none of the patients presented with any major complica-
tions. No allergic reactions, suppuration, or abscesses were
observed. Signs of minor complications such as postoperative
swelling and pain in the surgically treated area resolved within
a few days after surgery. In the rare case of wound dehiscences,
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Fig3atod Oneyear after regenerative surgery (T,), 1 month after start of orthodontic tooth movements by clear aligner therapy with attach-

ments in place.

Fig5atod Atfinalsplinting (T,) at completion of orthodontic therapy (OT) and insertion of resin bonded retainer.

reinforcement of postoperative intensive clinical care was ad-
ministered with no further complications of wound healing or
inflammation. A representative example of a treated patient
included in the present analysis is illustrated in Figs 2 to 5.
Analysis of the primary outcome (change in rBL over time)
of 100 defects revealed asignificantgaininrBLof2.13 + 1.64 mm
(P<.0027) at T,, and 3.02 +2.00 mm at T, (P<.0025). Similar

352

changesin rBL were observed when data were compared to the
data analyzed at the patient level. rBL gain was even more pro-
nounced, with 3.45+2.33mm at T;, and 5.01+2.68mm at T,
(P <.002 at both time points) when the deepest defect per pa-
tient was analyzed (Tables 2 and 3; Fig 6a to c).3!

Different treatment modalities did not affect the change of
rBL over time, as previously described (Fig 6d).8°
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Mean PPD was significantly reduced from 5.40 + 1.80 mm at
baseline to 3.78 £ 1.73mm at T,, and remained stable, with
3.73+1.70 mm at T,. When looking at the deepest defect, mean
PPD reduction was even more pronounced, but only statisti-
cally significant for T, (P <.0094). Pocket closure (PPD <4 mm)
was accomplished in all defects, with complete observations in
73% at T, and with furtherimprovement of 76%at T, (P < .0001)
(Tables 4 and 5).

A multilevel analysis revealed that only plaque (P=.0068)
was significant when added as a single variable to the minimal
model only containing rBL at baseline. With regard to changein
PPD, neither plaque nor bleeding on probing had a significant
effectatT,.

The data of the final model for rBL are available on request.

Discussion

The present data show the clinical effectiveness of regenera-
tive periodontal therapy and consecutive OT by clear aligners
in patients with stage IV periodontitis. This combined treat-
ment modality resulted in significant improvements of teeth
severely compromised by intrabony defects and PTM, as ex-
hibited by a mean rBL gain of 3.02 mm at final splinting of OT
and pocket closure (PPD <4 mm) in a considerable number of
treated defects.

The data compare well with the results of the present authors’
previous publications of periodontal regenerative and consecu-
tive OT, with fixed orthodontic appliances leading to a successful
retention of the natural dentition in an adequate state of health
and function.8® However, although significant bone level gain
was achieved by both orthodontic treatment modalities, the
mean rBL after 1 year (T,2.13 + 1.64 mm; P <.0001) and at final
splinting T, (3.02 + 2.00 mm; P < .0001) was less than with fixed
orthodontic appliances (T;,4.63+2.43mm; T,,4.19 + 2.61 mm) in
the same setting of a private periodontal practice and orthodontic
specialists. Similar findings are observed in terms of PPD reduc-
tion: PPD reduction with aligner therapy was less than with fixed
orthodonticappliancesat T, (1.62 + 1.96 mmvs 2.65 + 1.90 mm)
andatT,(1.67 +2.26 mmvs 2.77 + 1.56 mm). The same applies to
pocket closure at T, and T, (73% to 76% vs 87% to 86%).

As already stated in previous reports,?? the additional ap-
plication of orthodontic forces after regenerative therapy led to
an improved mean rBL gain and PPD reduction compared to
regenerative surgery alone.?* A good long-term prognosis by
this combined treatment can be achieved even for severely
periodontally compromised patients if compliant with sup-
portive periodontal therapy and adequate oral hygiene.%32

QUINTESSENCE INTERNATIONAL | volume 55« number 5« May 2024
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Table 2 Mean rBL + standard deviation (mm) over time

Parameter N I b . T,
rBL per defect (n =103) 103 8.42+2.40 NA £ NA NA £ NA
rBL per defectin complete 100  8.45+2.38 6.32+2.10 543191
cases (n=100)

rBL per patient (n = 10) 10 8.71+1.13 6.49+1.07 5.61+0.97
rBL deepest defect per 22 12.40+3.10 8.95+241 7.39+2.12
patient (n=22)

T, baseline; T,, 1 year; T,, final splinting; calculated for patients and defects.

Table 3 Pvalues* for testing bone level between time points

Parameter T,T, T,.T, T,T,
rBL per defect, complete cases (n = 100) .0027 .0116 .0025
rBL per patient (n = 10), complete cases .0020 .0098 .0020
rBL deepest defect per patient (n = 10) .0020 .0488 .0020

*Wilcoxon signed-rank test from the R-library coin version 1.4.3.31

The results of the present study cannot be easily compared
to those of previously published studies due to terms of differ-
ences in study protocols, severity of periodontal disease,
choice of periodontal therapy (with or without regenerative
procedures), and choice of outcome measures.

Previous studies have evaluated the periodontal health sta-
tus during the application of fixed orthodontic appliances versus
clearaligner therapy. Arandomized controlled clinical trial and
two systematic reviews with meta-analysis found no statistically
significant differences between the two possibilities of fixed or-
thodontic appliances and clear aligners,1>2033 while some re-
ports have stated a slight tendency in favor of aligner therapy
with regard to plaque indices and bleeding on probing.17.19:34
However, these latter studies did not include patients diagnosed
with periodontal disease. So far, there is only one study compar-
ing the combined periodontal and orthodontic treatment with
fixed appliances and clear aligners in patients with a history of
periodontitis to find no differences between fixed appliances
versus clear aligners concerning periodontal health (periodontal
probing depth [P =1.00] or alveolar bone levels [P = .69]).22

The present study is, to the authors’ best knowledge, the
first study analyzing rBL gain following regenerative periodontal
surgery and OT by clear aligners. In contrast, the study of Han??
mainly covered patients without regenerative surgery (only five
patients out of 35 patients were treated regeneratively) prior to
OT, with only minor incisor malalignment. Therefore, change of
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collagen membrane; DBBMc, collagenous demineralized bovine bone mineral; EMD, enamel matrix derivative.

rBL at final splinting of orthodontic tooth movement by clear
aligner therapy after regenerative periodontal surgery in the
present study is higher (3.02 + 3.05 mm) than with periodontal
therapy without regenerative procedures (0.22 + 0.49 mm).2%In
addition, the severity of periodontal disease with regard to
mean alveolar bone level (4.02 +1.48 mm to 3.48 +1.10 mm)
and PPD (3.01 +0.77 mm to 2.08 + 0.43 mm) at baseline was less
pronounced than in the present study. The same applies to
change in PPDs (1.67 + 2.26 mm vs 0.20 + 0.29 mm).

Thus, due to less severity of periodontal disease and PTM,
duration time of orthodontic tooth movement with a mean of
6 months was much shorter than in the present study. As the
authors stated, assessment of radiographs after 6 months of
orthodontic tooth movement was not long enough to observe
alveolar bone change.?2

However, a recent systematic review by Papageorgiou et
al® found in a re-analysis of the dataset of Han?2 differences
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with smaller benefits for aligners in comparison with fixed or-
thodontic appliances concerning periodontal health.

Early timing of orthodontic tooth movement (4 weeks after
regenerative therapy) leads to a significantly greater CAL gain
and better quality of life in patients with stage IV periodontitis
at 24 months after regenerative treatment, as a recent multi-
center randomized clinical trial revealed.1®!! However, the
protocol of that study included fixed orthodontic appliances,
enabling splinting of severely periodontally compromised
teeth after regenerative periodontal surgery. In the present
study, due to advanced pathologic tooth mobility > 1,23 the
start of orthodontic tooth movements by clear aligner therapy
was delayed by a mean of 4.5 months after regenerative peri-
odontal surgery. The lack of the stabilizing effect by fixed or-
thodontic appliances, less accuracy of aligner therapy to real-
ize a prescribed tooth movement,3¢37 ordering additional
corrective sets of aligners (refinements), and the delayed start
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of OT might explain the lower gain in rBL and PPD reduction in
comparison to the present authors’ former reports.8?°

Although rBL gain and PPD reduction were less with aligner
therapy than with fixed orthodontic appliances after regenerative
periodontal surgery, the observed tooth retention by this com-
bined periodontal-regenerative and orthodontic treatment are in
line with and in support of the European Federation of Periodon-
tology (EFP) S3 clinical practice guideline (CPG) on the treatment
of stage IV periodontitis.33>38 The evidence-based CPG gives a
clear recommendation for orthodontic treatment of regenera-
tively treated intrabony defects since the combined treatment
significantly improves periodontal outcomes and significantly re-
duces inflammation as long as guidelines of regenerative peri-
odontal treatment and sequences of therapeutic interventions are
followed.33 Inflammation has to be under control before, during,
and after OT based on the recommendation of the evidence-based
EFP-S3 level CPG for the treatment of stage IV periodontitis.3

Taking into account the superior functional outcomes of
fixed orthodontic appliances,'>1" the splinting effect of severely
periodontally compromised teeth and earlier start of orthodon-
tic tooth movements,®10 early aligner therapy after regenerative
therapy can only be considered as a treatment choice either in
mild or moderate malocclusions associated with periodontitis.
Therefore, orthodontic tooth movements by aligner therapy
can only begin directly after periodontal therapy when patho-
logic tooth moblity is less than grade 1123 or has to be delayed
until tooth mobility is < grade Il.

As a first study focusing on rBL change after regenerative
periodontal therapy and consecutive orthodontic tooth move-
ments by aligner therapy in the treatment of stage IV periodon-
titis, the present study exhibits new data on this combined
therapy. The number of defects treated by the same periodon-
tist and orthodontic specialists and the setting of a private
practice strengthen the generalizability of the results. Adding to
the strengths, the radiographs were evaluated by the same
blinded examiner, and data analysis was performed by an inde-
pendent expert statistician, both not being involved in the clin-
ical phases of the study. Moreover, the study was conducted
independently and not funded by industry.

The present study has also some inherent limitations, pri-
marily due to its retrospective study design, low number of pa-
tients, and a missing comparison group. Therefore, it has to be
regarded as feasibility study for further prospective randomized
clinical trials. Possible sources of bias, such as, measurement
errors of rBL due to change of tooth position as well as ortho-
dontically induced root resorption and the use of radiopaque
bone fillers have been previously discussed in detail.® &
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Table 4 Frequency distribution of residual PPD for all defects
(N =100), complete observation time

PPD (mm)

Baseline (T;)

<4 34 (34.00%) 73 (73.00%) (76 00%)
5 18 (18.00%) 10 (10.00%) 10 (10.00%)
6 25 (25.00%) 9 (9.00%) 7 (7.00%)
7 8 (8.00%) 3(3.00%) 7 (7.00%)
8 11 (11.00%) 4 (4.00%) 0 (0.00%)
9 3(3.00%) 0 (0.00%) 0 (0.00%)
10 0(0.00%) 1(1.00%) 0 (0.00%)
11 1 (1.00%) 0 (0.00%) 0 (0.00%)

Table 5 Pvalues* for testing proportion of pocket closure (pc)
between time points

pc0 - pcl <.00001
pcO - pc2 <.00001
pcl - pc2 571

*Logistic regression with time as fixed and patient and defect as random effects.

Conclusion

Within the limitations of the retrospective study design, the
present results suggest that the combination of regenerative
treatment and consecutive orthodontic tooth movement by
clear aligners as patient preference is a viable option for favor-
able results in the treatment of patients diagnosed with stage
IV periodontitis and mild to moderate malocclusion (PTM).
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4. DISKUSSION

Parodontitis Stadium IV mit pathologischer Zahnwanderung (PTM) erfordert eine komplexe
interdisziplindre Therapie zur Rehabilitation von Funktion und Asthetik.

Die Ergebnisse der ersten Studie (Tietmann et al, 2021) der vorliegenden Arbeit zeigten, dass die
kombinierte regenerative Therapie intraossdrer Defekte mit anschlie3ender kieferorthopadischer
Zahnbewegung auch in einer grof3en Kohorte von Patienten mit Parodontitis im Stadium IV
maoglich ist. Die Studie konnte nachweisen, dass bei einer gro3en Anzahl schwer parodontal
vorgeschddigter Zdhne mit intraossdren Defekten und PTM der Einsatz von bovinem
Knochenersatzmaterial mit oder ohne Kollagenmembran oder EMD mit anschlieBender
kieferorthopadischer Zahnbewegung zu einem signifikanten radiologischen Knochengewinn und
Reduktion der Sondierungstiefen fuhrt. Der mittlere radiologische Knochengewinn von 4,67 +
2,5mm ein Jahr nach regenerativer Therapie stimmt mit den Ergebnissen von 1,3 bis 4,4mm zuvor
verdffentlichter Fallserien der kombinierten Therapie Uberein bzw. Ubertrifft diese (Corrente et dl,
2003, Cardaropoli et al, 2006, Ogihara & Wang, 2010, Attia et al, 2012a und 2019, Ghezzi et dl, 20/3).
Die vorliegende Arbeit ist die Studie mit der bisher gréf3ten dokumentierten Anzahl von Patienten
und Defekten (48 Patienten mit insgesamt 526 Defekten) dieses interdisziplindren
Therapieansatzes zur Behandlung von Parodontitis im Stadium [V mit PTM. Das mit 0,57% geringe
Ausmafl an Zahnverlusten sowie die Tatsache, dass die Studie in einer parodontologischen
Fachzahnarztpraxis durchgefihrt wurde, unterstreicht die Generalisierbarkeit der Ergebnisse
dieser kombinierten Therapie bei Parodontitis im Stadium IV, wenn bestimmte Parameter der
regenerativen und kieferorthopadischen Therapie bertcksichtigt werden (Jepsen et al, 2023 b und
o).

Die vorliegende Studie (Tietmann et al, 2021) hat aufgrund der Ergebnisse der kombinierten
Therapie in Bezug auf Gewinn an radiologischem Knochenniveau (rBLg) und ,,Pocket closure"

(PPD <4mmin) von 87% ein Jahr nach regenerativer Therapie zur evidenzbasierten Empfehlung
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R7.5 der S3-Leitlinie bei der Therapie der Parodontitis im Stadium IV (Kloukos et al, 2022, Martin et

al, 2022, Papageorgiou et al, 2022, Herrera et al, 2022) beigetragen (s. Abbildung 3).

PAR- UND KFO-THERAPIE BEI VERTIKALEN Empfehlungs
DEFEKTEN -grad

Evidenzbasierte Empfehlung (R7.5):

Bei Patienten mit Stadium IV Parodontitis, bei denen vertikale Defekte
entsprechend der Empfehlungen der Leitlinie ([Sanz et al., 2020] mit den
geeigneten regenerativen Interventionen behandelt worden sind,

1. soll eine KFO-Therapie durchgefiihrt werden, gestiitzt auf die Evidenz,
dass diese kombinierte Behandlung die parodontalen Parameter signifikant
verbessert (erhohte KAL-Gewinne, TST-Reduktionen, und RKN-Gewinne)
und die gingivale Entziindung (BOP) signifikant reduziert.
Konsensstirke: Konsens

2. sollte nicht auf eine verliangerte Ausheilung nach der regenerativen
Intervention gewartet werden, bevor die KFO-Therapie begonnen wird,
weil es Evidenz dafiir gibt, dass ein kurzes (1 Monat) und ein lingeres
Zeitintervall (6 Monate) zwischen der parodontal-regenerativen und der
kieferorthopddischen Therapie zu vergleichbaren Ergebnissen fiihrt.
Konsensstirke: Konsens

Abb. 3: Quelle: Treatment of stage IV periodontitis: The EFP S3 level clinical practice guideline der
European Federation of Periodontology. (Herrera et al. 2022)

Diese Ergebnisse waren Anlass fur die zweite Studie, in der die Langzeitstabilitdt der kombinierten
regenerativen und kieferorthopddischen Therapie bei Parodontitis Stadium IV mit PTM nach 0
Jahren in der gleichen parodontologischen Fachzahnarztpraxis nachuntersucht wurden. Diese
retrospektive Arbeit ist mit 256 Defekten nicht nur die Studie mit der groBBten Anzahl an
nachuntersuchten  Defekten der kombinierten Therapie und mit dem ldngsten
Beobachtungszeitraum, sondern auch die erste Studie, die Langzeitergebnisse Uber 10 Jahre in
Bezug auf den Gewinn an radiologischem Knochenniveau berichtet. Die Ergebnisse der ersten
Studie (Tietmann et al, 202 1) bezlglich mittlerem radiologischem Knochengewinn konnten auch in
der Langzeituntersuchung 10 Jahre nach regenerativer Therapie bestdtigt werden und waren mit
4,48 + 2,62mm statistisch signifikant. Die Wirksamkeit der kombinierten Therapie zeigte sich auch

in Bezug auf die Taschenelimination und Zahnverlust. So konnten nach 10 Jahren 90 % aller
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parodontalen Taschen eliminiert (PPD <4mm) und 955% aller Zdhne erhalten werden.
Vergleichbare Ergebnisse wurden in der einzigen bisher verdffentlichten Langzeitstudie der
kombinierten regenerativen und kieferorthopadischen Therapie Uber |0 Jahre nur in Bezug auf
Taschenelimination und Reduktion der Sondierungstiefen von Roccuzzo et al. (2018) gezeigt,
allerdings mit einer deutlich geringeren Anzahl an Defekten (n=36). Eine weitere Studie von
Aimetti et al. (2020) beobachtete zwar dhnliche Langzeitergebnisse der kombinierten PA/KFO
Therapie beziglich der Taschenelimination (87%), allerdings flossen in diese Langzeituntersuchung
sowohl resektiv als auch regenerativ therapierte Defekte ein und daher kann diese nicht als direkte
Vergleichsstudie herangezogen werden. Dies erkldrt auch die geringere Reduktion der
Sondierungstiefen in der Studie von Aimetti et al. (2020) im Vergleich zu unserer Studie.

Die Ergebnisse dieser Langzeitstudie (Tietmann et al, 2023) beruhen auf einer Patientenkohorte,
die in den Jahren 2001-2010 mit der kombinierten regenerativen und kieferorthopddischen
Therapie behandelt wurde (Tietmann et al, 2021). Sie bestétigen im nach hinein die Empfehlungen
der europdischen S3-Leitlinie fUr die Therapie von Parodontitis im Stadium IV (Herrera et al, 2022)
bezlglich Zahnerhalt und Erhalt der geschlossenen Zahnreihe als primdre Behandlungsstrategie.
Die stabilen Langzeitergebnisse nach 0 Jahren, die in der zweiten Studie der vorliegenden Arbeit
beobachtet wurden, wurden durch eine intensive unterstitzende Parodontitistherapie (UPT), wie
sie auch in den S-3 Leitlinien fur die Therapie der Parodontitis im Stadium I-lll verankert ist (Sanz
et al, 2020), wahrend und nach der kieferorthopadischen Therapie erreicht. Die Patienten wurden
wahrend der kieferorthopddischen Therapie engmaschig mit einem maximalen Abstand von 3
Monaten parodontal betreut wie es durch die prospektive Studie von Jiang et al. (2021) belegt ist.
Bei emeut auftretenden Entziindungszeichen wurde die kieferorthopddische Zahnbewegung
unterbrochen, die betreffenden Zdhne reinstrumentiert und der Patient bezlglich der
Intensivierung der hduslichen Mundhygiene remotiviert. Die kieferorthopddische Therapie wurde
erst wieder aufgenommen, wenn die parodontalen Verhdltnisse wieder stabil waren. In gleicher

Weise erfolgte auch nach Abschluss der kieferorthopddischen Therapie eine lebenslange
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unterstitzende Parodontitistherapie und kieferorthopddische Retention durch passiv fixierte
Lingualretainer und herausnehmbare kieferorthopddische Apparaturen sowie regelmalige
kieferorthopidische Konsile zur Uberpriifung der Retention (Han et al, 2020) wie es in den 2022
verdffentlichten S3-Leitlinien fir die Therapie der Parodontitis im Stadium IV empfohlen wird

(Herrera et al, 2022).

Die Ergebnisse der beiden ersten Studien weisen auch darauf hin, dass die regenerative Therapie
intraossdrer Defekte mit anschlie3ender kieferorthopddischer Zahnbewegung einen gréferen
Gewinn an radiologischem Knochenniveau (rBLg) und Reduktion der Sondierungstiefen hat als
die alleinige regenerative Therapie wie ein ,historischer Vergleich mit einer friiheren
Nachuntersuchung von Uber 1000 regenerativ behandelten Defekten Uber 10 Jahre (Broseler et dl,
2017) in der gleichen parodontologischen Fachzahnarztpraxis zeigte. Da die parodontalen
Ausgangsparameter der Defekte dhnlich waren, wurde ein mdglicher , stimulierender Effekt” der
kieferorthopadischen Zahnbewegung in der frihen Wundheilungsphase auf die parodontale
Regeneration vermutet wie es in Tierstudien zuvor beobachtet worden war (Nemcovsky et al, 2004,
Vardimon et al, 2001, Diedrich et al, 2003). Diese Thematik greift auch ein inzwischen neu
erschienenes Review mit Meta-analyse auf (Papageorgiou et al, 2024). Die Autoren konnten zeigen,
dass die kombinierte parodontale und kieferorthopédische Therapie bei Stadium IV Parodontitis
deutlich  bessere  Ergebnisse in  Bezug auf Attachmentgewinn, Taschenreduktion,
Entziindungsparameter, Knochenniveau und Behandlungserfolg erzielt als die parodontale

Therapie alleine.

Der bestmdgliche Zeitpunkt fUr den Beginn der kieferorthopadischen Zahnbewegung nach
regenerativer Parodontitistherapie bei Stadium IV Parodontitis mit PTM wurde bis vor kurzem
noch als ,,Grauzone" (Pini Prato & Chambrone, 2020) diskutiert. Wahrend einige Autoren

bevorzugten, die Ergebnisse der parodontalen Regeneration bis zu |2 Monaten abzuwarten
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(Ghezzi et al, 2008, Roccuzzo et al, 2018, Aimetti et al, 2020, Pini Prato & Chambrone, 2020), spekulierten
andere, dass der frihe Beginn kieferorthopadischer Zahnbewegung keine negativen Effekte oder
sogar positive Effekte auf die parodontalen Parameter haben kdnnte (Cardaropoli et al, 2001 und
2006, Ogihara & Wang, 2010, Ghezzi et al, 201 3).

Daher war es Ziel der dritten Studie, erstmalig vergleichend im randomisierten Studiendesign zu
untersuchen, welche Auswirkungen ein friher (4 Wochen) oder spdter (6 Monate) Beginn der
kieferorthopaddischen Therapie nach regenerativer Therapie vertikaler Defekte hat. Die Ergebnisse
ein Jahr nach regenerativer Therapie zeigten, dass keine statistisch signifikanten Unterschiede
zwischen der frihen oder spdten KFO-Therapie in Bezug auf Attachmentgewinn (54mm vs.
4,5mm), Reduktion der Sondierungstiefen (4,2mm vs. 3,9mm) und Taschenelimination (91% vs.
85%) beobachtet werden konnten.

Die einzige Studie, die bisher den Effekt unterschiedlicher Zeitpunkte der kieferorthopadischen
Zahnbewegung verglich, ist die nicht-randomisierte Studie von Attia et al. (201 2a). Bei |5 Defekten
wurden im Split-Mouth-Design die Effekte der kombinierten Therapie mit Beginn der
kieferorthopadischen Zahnbewegung unmittelbar oder 2 Monate nach regenerativer Therapie
sowie ohne kieferorthopddische Therapie nachuntersucht. Nach einem Jahr zeigten sich
hinsichtlich Attachmentgewinn (5,4mm vs. 4,3mm) und Reduktion der Sondierungstiefen (4,0mm
vs. 3,7/mm) dhnliche, statistisch nicht signifikant bessere Ergebnisse fir den unmittelbaren Beginn
der kieferorthopddischen Zahnbewegung nach regenerativer Therapie wie in der vorliegenden
Studie.

Die vorliegende Arbeit ist die erste Studie, die im Rahmen einer prospektiven, randomisierten
klinischen Multicenterstudie zeigt, dass ein friher Beginn der kieferorthopddischen Zahnbewegung
bereits 4 Wochen nach regenerativer Therapie von vertikalen Defekten einen vergleichbar
positiven Effekt auf die parodontalen Parameter wie ein spater Beginn hat. Ein weiteres wichtiges
Ergebnis dieser Studie war, dass deshalb die Gesamtbehandlungszeit fir den Patienten deutlich

reduziert werden kann. Die Erkenntnisse dieser Studie trugen maf3geblich zur Empfehlung der S3-
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Leitlinie fur die Therapie der Parodontitis im Stadium IV bei, dass nicht auf eine verldngerte
Ausheilung nach regenerativer Therapie gewartet werden sollte, bevor die KFO-Therapie

begonnen wird (Evidenzbasierte Empfehlung (R7.5) (siehe Abbildung 3) (Herrera et al, 2022).

Basierend auf den Ergebnissen der prospektiven multizentrischen randomisierten Studie nach 12
Monaten (Jepsen et al, 2021) wurden als weitere Parameter erstmalig die Auswirkung der
kombinierten regenerativen parodontalchirurgischen und kieferorthopadischen Therapie auf die
Mundgesundheitsbezogene Lebensqualitdt (OHrQL) sowie die klinische parodontalen Parameter
nach 24 Monate Uberprift.

Wurden nach 12 Monaten keine statistisch signifikanten Unterschiede bezlglich der parodontalen
Parameter im Vergleich zum Beginn der kieferorthopddischen Therapie beobachtet (Jepsen et dl,
2021), so zeigte sich nach 24 Monaten ein weiterer, statistisch signifikant groBerer
Attachmentgewinn (CALg) von [,3Imm fir den frihen Beginn der kieferorthopddischen
Zahnbewegung im Vergleich zu spatem Beginn (596mm vs. 4,65mm). Die Reduktion der
Sondierungstiefen und die Taschenelimination blieb nach 24 Monaten stabil und war bei friihem
oder spatem Beginn der KFO-Therapie gleich. Die frihe kieferorthopddische Zahnbewegung
wirkte sich positiv auf die parodontale Wundheilung aus und scheint als ,,stimulierender Effekt
zu grofBerem Attachmentgewinn zu fihren, was auch schon in friihen Tierstudien (Nemcovsky et

al, 2004, Vardimon et al, 2001, Diedrich et al,, 2003) vermutet wurde.

Gleichzeitig wurde in dieser Studie festgestellt, dass die Patienten eine signifikante Verbesserung
ihrer Mundgesundheitsbezogenen Lebensqualitit (OHrQL) durch die kombinierte Therapie
angaben. Dies zeigte sich in einem deutlich verbesserten GOHAI (general oral health assessment
index) 24 Monate nach Beginn der kombinierten regenerativen und kieferorthopddischen
Therapie aber ohne statistisch signifikante Unterschiede zwischen frihem oder spatem Beginn der

kieferorthopadischen  Zahnbewegung. Die Patienten, die nach 24 Monaten die

84



kieferorthopadische Therapie beendet hatten, berichteten Uber eine weitere Verbesserung ihrer
OHrQL. Bisherige Studien beobachteten positive Auswirkungen auf die OHrQL aufgrund
alleiniger parodontaler (Wong et al, 2012, Brauchle et al, 2013, Shanbhag et al, 2012, Botelho et dl,
2020) oder kieferorthopédischer (Ribeiro et al, 2023, Kara-Boulad et al, 2022) Therapie. Daher kann
vermutet werden, dass die in dieser Studie beobachtete signifikante Verbesserung der
Mundgesundheitsbezogenen Lebensqualitit (OHrQL) sowohl auf die parodontale als auch auf
die kieferorthopddische Therapie bei Stadium IV Parodontitis mit pathologischer Zahnwanderung
zurlickzuflhren ist.

Viele Patienten mit Parodontitis Stadium IV mit PTM berichten Uber starke dsthetische und
funktionelle  Einschrdnkungen ihrer Lebensqualitdit und zeigen daher Interesse an
kieferorthopadischer Therapie (Hirschfeld et al, 2019). In der Regel wird die Einordnung
pathologisch gewanderter Zdhne durch eine festsitzende Multibandapparatur erreicht. Vor allem
erwachsene Patienten empfinden sichtbare Multibandapparaturen beeintrachtigend und
praferieren herausnehmbare und méglichst kaum sichtbare kieferorthopadische Apparaturen. Die
in den zuvor beschriebenen Studien der vorliegenden Arbeit gezeigten sehr guten Ergebnisse
waren mittels Multibandapparaturen erzielt worden.

Daher sollte in der funften Studie der vorliegenden Arbeit untersucht werden, ob die kombinierte
Therapie auch mit neueren kieferorthopddischen Apparaturen, transparenten Clear
Alignerschienen (CA) mdglich ist bzw. zu dhnlichen Ergebnissen wie mit Multibandapparaturen
fuhren kann. Die retrospektive Analyse von 103 Defekten ergab einen signifikanten Gewinn an
radiologischem Knochenniveau von 2,13 + |,64mm ein Jahr nach regenerativer Therapie, der sich
bei Abschluss der kieferorthopddischen Therapie noch geringfigig auf 3,02 + 2,00mm verbesserte.
Eine statistisch signifikante Taschenelimination <4mm (PC) wurde in 76% aller Defekte bei
Beendigung der kieferorthopddischen Zahnbewegung beobachtet.

Diese Arbeit ist die erste Studie, die den Gewinn an radiologischem Knochenniveau durch die

kombinierte regenerative und kieferorthopddische Zahnbewegung mittels Clear Aligner anhand
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einer grol3en Defektzah! untersucht hat. Nur eine Studie (Han et al, 2015) hat den Gewinn an
radiologischem Knochenniveau mittels Clear Aligner bisher nachuntersucht, allerdings war der
Hauptanteil der Defekte (30 von 35 Defekten) ohne regenerative Therapie behandelt worden
und der Beobachtungszeitraum mit 6 Monaten deutlich kirzer. Daher fielen der Gewinn an

radiologischem Knochenniveau und die Reduktion der Sondierungstiefen deutlich geringer aus.

Sowohl der Gewinn an radiologischem Knochenniveau als auch die Taschenelimination sind in
dieser Clear Aligner-Studie im Vergleich zu den Ergebnissen mittels Multibandapparatur in
unseren vorherigen Studien geringer. Dies kann zum einen durch den fehlenden
Stabilisierungseffekt durch die Multibandapparatur der schwer parodontal vorgeschddigten Zahne
nach regenerativer Therapie erkldrt werden. Zum anderen konnte die kieferorthopadische
Zahnbewegung durch Clear Aligner erst dann begonnen werden, wenn die unphysiologischen
Lockerungen < Grad 2 betrugen. Aufgrund der schweren parodontalen Vorschddigung bei
Parodontitis im Stadium IV ist dies direkt nach regenerativer Therapie in der Regel nicht der Fall,
so dass der Beginn der kieferorthopddischen Therapie im Vergleich zu den vorherigen Studien
verzogert war. Daher konnte der ,stimulierende” Effekt der frihen kieferorthopddischen
Bewegung -wie in den multizentrischen, randomisierten Studien von Jepsen et al, 2021 und 2023
beobachtet - nicht genutzt werden. Ebenso ist die Wahl der kieferorthopddischen Apparatur in
Bezug auf die Vorhersagbarkeit der kieferorthopadischen Zahnbewegung und die Auswirkung auf
die parodontalen Parameter komplex wie ein inzwischen erschienenes Review mit Meta-analyse
(Papageorgiou et al, 2024) ausfuhrt. Dies scheint die geringere Reduktion der Sondierungstiefen
durch Alignertherapie im Vergleich zu festsitzenden Multibandapparaturen zu erkldren wie es auch
in der Studie von Han et al, (2015) beobachtet wurde.

Hingegen ist der geringe Zahnverlust von 2,9% dhnlich zu den Ergebnissen der beiden ersten

Studien der vorliegenden Arbeit (Tietmann et al, 2021 und 2023) und unterstreicht die Effektivitdt
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der kombinierten regenerativen und kieferorthopadischen Therapie wie sie in der S3-Leitlinie fur

die Therapie von Parodontitis im Stadium IV, Typ 2 (Herrera et al, 2022) empfohlen wird.

Zwei Studien der vorliegenden Arbeit (Tietmann et al. 2021, Jepsen et al. 2021) haben mafgeblich
zur Entwicklung eines Behandlungsalgorithmus fur die Therapie der Parodontitis im Stadium [V
mit pathologischer Zahnwanderung (PTM) beigetragen, der fur die Planung und Durchfihrung
einer kombinierten parodontologischen und kieferorthopddischen Therapie zur Orientierung

dienen soll (s. Abbildung 4).

| ;j; R.1.1 Stadium IV Parodontitis Patient (mit pathologischer Zahnwanderung) mit Bedarf fiir KFO-Therpaie |

| PAR-Therapie (Stufe 1, 2) «— |
| /@ R.1.2 PAR-Reevaluation, Endpunkt erreicht? |—| PAR-KFO gemeinsame Beratung/Planung |
{ v ‘
@
Stufe 3 PAR -Therapie | Vertikale Defekte:
1 \m\ Stufe 3 Regenerative
PAR-Chirurgie
m\ R.1.2 PAR- Reevaluatlon Endpunkt erreicht? |

] e

| PAR-KFO gemeinsame Beratung/Planung |

l R.1.5
) R13 R.1.4 @ KFO-Therapie () R16 @ I (r/ KFO-Th. 1/6m post-gg|

| \m\ R.1.7 Regulédre Parodontale Kontrolle/Management wahrend der KFO-Therapie |

\ ¥ \
| PAR-KFO-Therapie Finale Evaluation |
1 <
| PAR: KAL, TST, BOP, RKN KFO: Zahnstellung |
4 -
I ® R.1.7 Reguldre Risiko-orientierte UPT Stabile RetentionR.1.8 \m |

Abb. 4:  Flussdiagramm zur lllustrierung wie eine kieferorthopadische Therapie (KFO-Therapie) bei Patienten mit
Stadium IV Parodontitis in den parodontalen Behandlungsplan integriert werden kann unter Bezugnahme auf die
Empfehlungen R7.1-R7.8 der S3-Leitlinie zur Behandlung der Stadium IV Parodontitis. Die Stufen der parodontalen
Therapie wurden in der S3-Leitlinie zur Behandlung der Stadium | — IIl Parodontitis beschrieben (Sanz et al, 2020).
KAL: Klinischer Attachment Level, TST: Taschensondierungstiefe; BOP: Sondierungsblutung; RKN: Réntgenologisches
Knochenniveau; |1/ 6 m: | oder 6 Monate; post-op: post-operativ.

(Quelle: Sgren Jepsen, Herrera et al, 2022)
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5. ZUSAMMENFASSUNG

Eine Parodontitis im Stadium IV ist charakterisiert durch schweren Verlust an parodontalem
Attachment, vertikale Knochendefekte und pathologische Zahnwanderung (PTM). Die
Komplexitdt des Krankheitsbildes aufgrund von PTM - gekennzeichnet durch Elongationen,
Auffacherungen und Liickenbildungen in Verbindung mit sekunddrem okklusalem Trauma, bis hin
zu Bisskollaps und mastikatorischer Dysfunktion - erfordert eine interdisziplindre Therapie, um
Funktion und Asthetik sowie Lebensqualitit der Patienten wiederherzustellen.

Bis vor Kurzem gab es viele offene Fragen, ob eine kombinierte regenerativ-
parodontalchirurgische und kieferorthopddische Therapie vorhersagbar und vor allem
langzeitstabil modglich ist. Ebenso war der optimale Zeitpunkt des Beginns der
kieferorthopadischen Therapie unklar. Eventuell synergistische Effekte und ein mdglicher Benefit
durch frihen Beginn der kieferorthopddischen Zahnbewegung bei der kombinierten Therapie —
belegt durch friihe Tierstudien — wurden vermutet. Die Auswirkung einer kombinierten Therapie

auf die Mundgesundheitsbezogene Lebensqualitdt war bisher ebenfalls nicht untersucht.

Die alleinige parodontale Therapie oder regenerative Therapie vertikaler Defekte, wie sie in den
S3-Leitlinien fur die Therapie der Parodontitis im Stadium I-ll aufgrund der Evidenzlage inzwischen
als etabliertes Therapieverfahren gilt, reicht bei Patienten mit Parodontitis im Stadium IV aufgrund
des komplexen Krankheitsbildes bedingt durch pathologische Zahnwanderung (PTM) nicht aus.
Die in 2022 verdffentlichte S3-Leitlinie fir die Therapie von Stadium IV Parodontitis (Herrera et dl,
2022) stellt klar heraus, dass Zahnerhalt und Erhalt der geschlossenen Zahnreihe als primare
Behandlungsstrategie gelten sollte. Ebenso sollte eine kieferorthopadische Therapie nach
erfolgreich  behandelter Stadium-IV-Parodontitis durchgefihrt werden, um Zdhne mit
pathologischer Zahnwanderung wieder in die Zahnreihe einzugliedern. Vor Verdffentlichung der
S3-Leitlinie fir die Therapie von Parodontitis im Stadium IV im Jahr 2022 stitzte sich die Literatur

auf Fallberichte und Fallserien, die nur unzureichende Dokumentationen hinsichtlich Art der
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Parodontaltherapie, Einfluss der kieferorthopadischen Therapie auf die parodontalen Verhdltnisse
und Langzeitstabilitdt sowie optimaler Zeitpunkt der kieferorthopddischen Zahnbewegung nach
regenerativer Parodontaltherapie enthielten.

Die erste der hier vorgelegten Arbeiten fokussierte sich daher darauf, ob eine kombinierte
regenerative  parodontalchirurgische Therapie mit anschlieBender kieferorthopadischer
Zahnbewegung auch bei einer groflen Patientenkohorte in der Praxisrealitit einer
parodontologischen Fachzahnarztpraxis mdglich ist. In der retrospektiven Studie wurde eine
statistisch signifikante Verbesserung des radiologischen Knochenniveaus und Taschenelimination
ein Jahr und bis zu vier Jahre nach regenerativer Therapie gezeigt. Diese Ergebnisse fuhrten zur
nachfolgenden Arbeit, die die Langzeitstabilitdt der Ergebnisse der kombinierten regenerativen
und kieferorthopddischen Therapie anhand der gleichen Patientenkohorte nach 10 Jahren
nachuntersuchte. Es konnte gezeigt werden, dass die kombinierte regenerative Therapie vertikaler
Knochendefekte mit anschlieBender kieferorthopddischer Zahnbewegung auch nach 10 Jahren zu
langzeitstabilen parodontalen Verhdltnissen und langfristigem Zahnerhalt von mehr als 95 9% der
ehemals schwer parodontal vorgeschddigten Zihne fihrte, wenn die Patienten an einer
engmaschigen UPT teilnahmen. Die Ergebnisse dieser ersten Studie, durchgefihrt in den Jahren
zwischen 2001-2010, haben maf3geblich zu evidenzbasierten Empfehlungen der europdischen S3-

Leitlinie zur Therapie der Parodontitis im Stadium IV (Herrera et al, 2022) beigetragen.

Der optimale Zeitpunkt des Beginns der kieferorthopddischen Zahnbewegung nach regenerativer
Therapie wurde lange Zeit in Fallserien diskutiert und als ,,grey zone" (Pini Prato & Chambrone, 2020)
beschrieben. Daher wurde im Rahmen einer multizentrischen randomisierten Studie die
Auswirkung des Zeitpunktes des Beginns der kieferorthopddischen Zahnbewegung nach
regenerativer Therapie auf die parodontale Heilung untersucht. Die positiven Ergebnisse zeigten,
dass ein Jahr nach regenerativer Therapie keine statistisch signifikanten Unterschiede bei friihem

(4 Wochen) oder verzdgertem (6 Monate) Beginn der kieferorthopddischen Zahnbewegung in
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Bezug auf CAL-Gewinn oder Taschenelimination beobachtet werden konnten. Da ein friher
kieferorthopadischer Behandlungsbeginn keine negativen Auswirkungen auf die parodontalen
Parameter hat, sollte nicht auf eine verldngerte Ausheilung nach der regenerativen Therapie
gewartet werden. Die Ergebnisse dieser randomisierten prospektiven multizentrischen Studie zur
Therapie der Parodontitis im Stadium [V waren mal3geblich verantwortlich fur die
Therapieempfehlung R7.5 der europdischen S3-Leitlinie (Herrera et al, 2022) fur die kombinierte
parodontalchirurgische und kieferorthopddische Therapie von vertikalen Defekten bei
Parodontitis im Stadium IV, Typ 2 (siehe Abbildung 3).

Der positive Einfluss auf die parodontalen Parameter durch die kombinierte Therapie in Form
von hoéherem Attachmentgewinn, hoherer Taschentiefenreduktion, und Reduktion der
parodontalen Entziindung ist nicht nur ein Jahr nach regenerativer Therapie zu beobachten. Wie
in der vierten Studie der vorliegenden Arbeit gezeigt, flhrt der frihe Beginn der
kieferorthopadischen Zahnbewegung nach regenerativer Therapie nach 24 Monaten zu weiterem
hoéheren Attachmentgewinn und scheint in Kombination mit der vorherigen regenerativen
Therapie vertikaler Defekte als ,stimulierender” Effekt in der frihen Phase der parodontalen
Wundheilung zu wirken. Ebenso werden Zahnerhalt und Wiedereinordnung pathologisch
gewanderter Zihne in die Zahnreihe zur Rekonstruktion von Funktion und Asthetik von Patienten
mit Parodontitis im Stadium IV als deutliche Verbesserung ihrer Mundgesundheitsbezogenen
Lebensqualitdt (OHrQL) wahrgenommen.

Das Interesse von Patienten an kieferorthopddischer Therapie bei Parodontitis Stadium IV zur
Stellungskorrektur pathologisch gewanderter Zdhne und zum Zahnerhalt ist grof3. Gleichzeitig
wird eine festsitzende Multibandapparatur oft als Einschrankung empfunden. Die letzte Studie gibt
daher einen Ausblick auf den moglichen Einsatz neuerer kieferorthopadischer transparenter Clear
Aligner im Rahmen der kombinierten Therapie. Die Ergebnisse zeigen, dass auch Clear Aligner

eine mdgliche Option fir die kombinierte Therapie bei Stadium IV Parodontitis sind. Allerdings
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ist der Gewinn an radiologischem Knochenniveau und Taschenelimination (PC) nach Abschluss

der kieferorthopddischen Therapie geringer als mit festsitzenden Multibandapparaturen.

Zusammenfassend haben die Ergebnisse der vorliegenden Arbeit zu wichtigen neuen
Erkenntnissen in der Therapie von Parodontitis Stadium IV mit PTM geftihrt. Zwei Studien der
vorliegenden Arbeit waren mal3geblich an den Empfehlungen der europdischen S3-Leitlinie zur
Therapie der Parodontitis im Stadium IV der kombinierten regenerativ-parodontalchirurgischen
Therapie intraossdrer Defekte mit anschlieBender kieferorthopédischer Zahnbewegung beteiligt.
Es wurde auBlerdem gezeigt, dass die kombinierte Therapie bei Stadium IV Parodontitis mit
pathologischer Zahnwanderung (PTM) erfolgreich und langzeitstabil angewendet werden kann.
Die kieferorthopddische Zahnbewegung nach regenerativer Therapie sollte frihzeitig nach
regenerativer Therapie erfolgen, da ein , stimulierender Effekt wahrend der friihen parodontalen
Wundheilung sich langfristig positiv auf die parodontalen Parameter auswirkt. Durch die
kombinierte Therapie kann nicht nur das Ziel des langfristigen Zahnerhalts und Erhalts der
geschlossenen Zahnreihe erreicht werden, sondern auch die Lebensqualitdt der Patienten durch

die Rekonstruktion von Funktion und Asthetik langzeitstabil verbessert werden.
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