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1 Einleitung

1.1 Zugang zu Versorgung

Die Qualitat der Gesundheitsversorgung ist Gradmesser eines gut funktionierenden
Gesundheitswesens eines jeden Landes. Durch Veranderungen in dem Bedarf, den Kosten und den
Ressourcen flr Behandlungsleistungen wachst das Interesse, die Gite der Versorgungsqualitat zu
messen und zu optimieren. Die Messung und Wertung jener Qualitat knlipfen Campbell et al. an finf
Dimensionen, strukturiert in zwei Saulen (1). Die erste Saule bildet die Versorgung ab. Hierbei
greifen Campbell et al. die von Donabedian vorgeschlagenen drei Dimensionen von Versorgung auf:
Die Prozesse (process), die Strukturen (structure) und die Ergebnisse (outcome) hinsichtlich der
Bereitstellung und Inanspruchnahme des Versorgungsangebots (2). Dabei spiegeln Prozesse all
jene Aktivitaten wider, welche fur den Erhalt und in der Anwendung von medizinischer Versorgung
tatsachlich ausgelbt werden. Eine relevante Aktivitat der Patienten kann das aktive Aufsuchen von
Versorgungsleistungen sein; Aktivitaten der Mediziner waren das Stellen von Diagnosen oder das
Vorschlagen und Umsetzen von Behandlungen (3). Der Struktur-Parameter geht auf Elemente ein,
die definieren, in welchem Umfeld und auf welche Art und Weise Versorgung zur Verfligung gestellt
wird. Dazu zahlen infrastrukturelle, organisatorische und personelle Indikatoren. Die Dimension
,Ergebnis* beschreibt die Folgen von Versorgung in Form des Gesundheitszustandes und der
Zufriedenheit von Patienten (2). Als zweite Saule sieht Campbell et al. die Qualitatsperspektive,
welche mit den Dimensionen Zuganglichkeit und Effektivitat abgegrenzt wird. Die Zuganglichkeit
geht auf die Frage ein, ob Patienten die (strukturelle und prozessrelevante) Versorgung erhalten, die
sie in einem spezifischen Moment bendtigen. Die Effektivitat wiederum wertet, wie nachhaltig die
erbrachte (prozessrelevante) Versorgungsleistung fir den Patienten ist. Erst mit den zuletzt
genannten beiden Dimensionen ist eine Bewertung der Qualitat tber die gesamte Versorgungskette

(Prozesse, Strukturen, Ergebnisse) hinweg sinnvoll umsetzbar (1).

Als ein zentraler Aspekt zur Bereitstellung einer ordentlichen Gesundheitsversorgung kann somit der
Zugang zu jener angesehen werden. In diesem Kontext beschreibt Zugang den angemessenen
Erhalt von personenindividuellen Behandlungsleistungen durch die dem Gesundheitssystem
angehdrenden Institutionen und medizinischem Fachpersonal sowie jegliches, was die Nutzung der
Leistungen unterstiitzt (1, 4). Zugang heildt ebenso, die richtige Behandlung zur richtigen Zeit zu
bekommen, um ein optimales Versorgungsergebnis zu fordern (4). Basiskomponenten in der
Beurteilung der Zugangsqualitat stellen der geographische Standort (insbesondere relevant in

landlichen Regionen und bei behinderten und alteren Patienten) von Versorgungsangeboten und die
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finanzielle Tragbarkeit dieser Versorgung fir Patienten sowie die generelle Verfiigbarkeit von

Versorgung dar (1).

Die Messung von Zugang ist ein Schlissel, um einerseits die Inanspruchnahme von
Behandlungsleistungen zu analysieren und zu prognostizieren und andererseits die Effektivitat und
Zuganglichkeit des Angebots an Behandlungsleistungen auch mittels gesundheitspolitischer
MaRnahmen zu optimieren (4).

Anderson & Davidson (4) unterscheiden 6 Dimensionen von Zugang:

o Potentieller Zugang: orientiert sich an kontextuellen (Gesundheitspolitik, -finanzierung)
und individuellen (Krankenversicherung, Einkommen) Aspekten;

e Realisierter ~ Zugang:  spiegelt die tatsachliche  Inanspruchnahme  von
Behandlungsleistungen wider; die Messung erfolgt {ber den Nutzungsgrad an
Behandlungsleistungen;

e Angemessener/gerechter Zugang: personenrelevante Parameter (wie Alter, Geschlecht,
Krankenversicherung, Morbiditatsmuster) bezogen auf den tatsachlich erfolgten Zugang
zeigen in unterschiedlicher Intensitat die Auslastung medizinischer Kapazitat;

e Unangemessener/ungerechter Zugang: entsteht, wenn z.B. soziale Faktoren den Erhalt
gesundheitlicher Leistungen beeinflussen und beispielsweise sozialschwachen
Bevodlkerungsgruppen der Zugang zu Leistungen erschwert wird;

o Effektiver Zugang: wertet die medizinische Wirksamkeit von erfolgtem Zugang, indem
die in Anspruch genommene Behandlungsleistung dem Versorgungsergebnis
gegenubergestellt wird;

e [Effizienter Zugang: die kostenoptimierte Bereitstellung des Versorgungsangebots
infolge einer verbesserten Ressourcennutzung mindet in einem ergiebigeren

(6konomischen) Versorgungsergebnis.

Zwischen dem Zugang zu medizinischer Versorgung und der gesundheitlichen Verfassung der
Bevolkerung besteht ein kausaler Zusammenhang. Entscheidend ist dabei, die Dimensionen des
Zugangs auf gerechte Weise zu ordnen, um eine adaquate Nutzung des Angebots und des Bedarfs
medizinischer Versorgung zu gewahrleisten. Mallgeblich lenken die Faktoren Prozess und Struktur
den Zugangserfolg von Patienten (1). Maxwell verweist darauf, die Bedirfnisse und den Bedarf der
Bevolkerung in  Ganze zu berlcksichtigen, um daraus ein ideales Abbild des
Dienstleistungsangebots zu erzeugen. Integrativer Bestandteil zur Wertung des Angebots ist u.a. zu

hinterfragen, inwiefern der Behandlungsbedarf der Bevélkerung bedient werden kann und welche
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Hirden (wie Entfernung, Terminvergaben, Wartezeit, Finanzen, Angst etc.) zur Inanspruchnahme
vorliegen (5). Allerdings ist die objektive Bedarfsermittiung aufgrund der Komplexitat und

Vielschichtigkeit sehr schwierig (6).

Dass Wunsch und Wirklichkeit einer Idealversorgung auseinanderdriften, asst z.B. der Arzteatlas
2016 des Wissenschaftlichen Instituts der AOK rtickblickend fiir 2015 erkennen. Demnach wird von
einem bundesweiten Uberangebot an Vertragsarzten ausgegangen (7). In Deutschland liegt die
Dichte an praktizierenden Allgemein- und Fachérzten gegentber der Einwohnerzahl bei 38/10.000
und damit im oberen Terzil aller Lander der Organisation fiir wirtschaftliche Zusammenarbeit und
Entwicklung (Organisation for Economic Co-operation and Development, OECD) (8). Gemalk
Arzteatlas — dem sowohl Annahmen der AOK als auch Berichte der Kassenarztlichen Vereinigungen
zugrunde gelegt wurden — sorgt die gesamte Arztelandschaft deutschlandweit fiir einen
Gesamtversorgungsgrad von durchschnittlich ca. 131%. Die Regulierung des Bedarfs an Medizinern
in  Deutschland erfolgt auf Basis der Bedarfsplanungs-Richtlinie des Gemeinsamen
Bundesausschusses (G-BA). Dieser analysiert die Arztezahl zur Abdeckung der regionalen,
ambulanten Versorgung auf Landesebene. Der (Gesamt-)Versorgungsgrad wird durch den Abgleich
des Ist- und Soll-Verhaltnisses von Einwohnern je Arzt (Verhéltniszahl) ermittelt. Bei einem
Versorgungsgrad von 100% ist der Anteil an zugelassenen und bendtigten Arzte nach den
MaRstaben der aktuellen Bedarfsplanung pari. Heruntergebrochen auf die jeweiligen Bundeslénder
und Arztgruppen lag der Versorgungsgrad in fast allen Regionen und Arztgruppen tber 100%. Ein
Mangel liegt rein rechnerisch demnach grundsatzlich erst einmal nicht vor. Vielmehr wird eine
Fehlverteilung an Facharzten konstatiert. Ein Blick auf die einzelnen Planungsbereiche lasst gerade
bei den Hausarzten erkennen, dass einige Regionen von einer Unterversorgung betroffen
(Versorgungsgrad <75%) bzw. bedroht (Versorgungsgrad 75% bis <110%) sind, sich hingegen
Ballungsrdume und GroRstadte mit einer Uberversorgung (>110%) konfrontiert sehen (7-9).
Unabhéngig von der ausreichenden Kapazitdt an Medizinern kann der regionale Bedarf in der
Bundesrepublik demnach nicht in allen Regionen flachendeckend bedient werden (8). So profitieren
anziehende Regionen und Ballungsraume von einer uberdurchschnittlichen Versorgung durch
niedergelassene Haus- und Facharzte. Im Gegenzug kampfen weniger attraktive Regionen mit den
demographischen Problemen der Arzteschaft (7, 10). Dies sehen ebenfalls weitere Studien und

deuten auf einen (zukiinftigen) Arztemangel in landlichen Regionen der Bundesrepublik hin (11-13).

Wird die Arztelandkarte mit ihren regionalen Engpéssen auf die demografischen Charakteristiken
und geographische Verteilung der Bevolkerung projiziert, ist erkennbar, dass vor allem die auf dem

Land lebenden Einwohner und im Speziellen immobile, altere Personen von Zugangsproblemen



Einleitung 6

betroffen sind (14). Viele landliche und strukturschwache Regionen weisen zudem eine Zunahme
des Anteils an Senioren auf. Circa ein Viertel der Einwohner der Bundesrepublik leben in diinn
besiedelten Gebieten (15). Die Folgen des demographischen Wandels sind in ostdeutschen
Bundeslandern spirbarer. Jahrelange Abwanderung der jungen Bevélkerung erhoht hier den Anteil
der alteren Bevodlkerung insbesondere in landlichen Regionen (16). Die in den vergangenen
Jahrzehnten begonnene und in nachsten Dekaden anhaltende demographische Entwicklung
resultiert in einer weiter zunehmenden alternden Bevolkerung in Deutschland und weiteren
Industrienationen: In einer Vielzahl der Industriestaaten (bersteigt die Quote der Uiber 60-jahrigen
bereits heute die 20-Prozent-Marke. Prognostiziert bis 2050 wird gar von uber 40 Prozent

ausgegangen (16). Daraus ergibt sich ein zukUnftig anzupassender Versorgungsbedarf (17).

Mittels des zu Beginn 2012 in Kraft getretenen GKV!-Versorgungsstrukturgesetzes (GKV-VStG)
wurde die Bedarfsplanungs-Richtlinie reformiert (18). Ziel dieser Neuerung ist es, auf gegenwartige
versorgungsrelevante Aspekte einzugehen und der GKV-versicherten Bevolkerung einen
angemessenen Zugang zu ambulanter Versorgung zu gewahren. Inhaltlich wurden
Planungsbereiche und Verhaltniszahlen (Anzahl Einwohner je Arzt) variabilisiert und korrigiert sowie
MaBnahmen zur Abdeckung auBerordentlichen Bedarfs installiert (19). Im Zuge des im Juli 2015
lancierten GKV-Versorgungsstarkungsgesetzes soll der G-BA die Bedarfsplanungs-Richtlinie zum
einen einer weiteren Uberpriifung der Verhéltniszahlen unterziehen sowie zum anderen zukiinftig
Sozial- und Morbiditatsstrukturen planungsseitig fur die gesamte Republik berlcksichtigen. Mit
diesen Aktionen wird eine lokalere, feingliedrigere Planung zur Optimierung der wohnortnahen
Versorgung angegangen und es wird versucht, die Planung besser an dem reellen
Versorgungsbedarf zu orientieren (19). Regionale und lokale Besonderheiten, die durch spezielle
Demographie- oder Morbiditatseffekte sowie punktuelle Unterversorgung entstehen, erlauben eine
Adaption der arztlichen Versorgung an den Bedarf, z.B. durch Sonderzulassungen (18). International
werden mit der Health Workforce Division (HWD) der australischen Regierung oder dem National
Center for Health Workforce Analysis (NCHWA) des US-amerikanischen Gesundheitsministeriums

gleichwertige Initiativen zur Bedarfsplanung vollzogen (20, 21).

1.2 Versorgung in der Zahnmedizin

Die Zugangs- und Versorgungssituation wird in der Zahnmedizin nicht minder diskutiert. Die

Weltgesundheitsorganisation (World Health Organization, WHO) und weitere internationale

1 Gesetzliche Krankenversicherung
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Institutionen beobachten im zahnmedizinischen Sektor unter anderem eine anhaltende Ungleichheit
von und fehlenden Zugang zu oraler Versorgung auch in Verbindung mit einer alternden
Bevolkerung (22, 23). Jene Entwicklung trifft gleichwohl auf Deutschland zu (24, 25). Diverse Lander
wie Australien, Neuseeland oder die USA integrieren die zahnmedizinische Versorgung als ein
relevantes Thema in deren Gesundheitspolitik (26-28). In den USA existiert, primér in abgelegenen
Regionen, ein hoher Bevolkerungsanteil, der von Unterversorgung (sogenannte Dental Health
Professional Shortage Areas [Dental HPSAs] mit einem Bevolkerungs-Zahnarzt-Ratio von Uber
10.000 zu 1) betroffen ist (29). Studien aus Neuseeland, GroRbritannien und Frankreich deuten auf

eine regional ungleiche Verteilung in der zahnmedizinischen Versorgungsquantitat basierend auf

geographischen und soziodkonomischen Faktoren hin (30-32).

Die Zulassungs- bzw. Niederlassungsbedingungen von Zahnmedizinern in Deutschland sind in der
Zulassungsverordnung  flr  Vertragszahnarzte  niedergeschrieben. Die  Vergabe von
Vertragszahnarztsitzen wird tiber die Kassenzahnarztlichen Vereinigungen reguliert. Diese vergeben
per Antrag eines Zahnarztes die Zulassung flr einen spezifischen Vertragszahnarztsitz. Ein
Vertragszahnarzt ist zudem berechtigt seine Leistungen zuséatzlich an Zweigpraxen aullerhalb des
Vertragszahnarztsitzes zu erbringen (33). Mit Inkrafttreten des GKV-Wettbewerbsstarkungsgesetzes
zum 01.04.2007 wurde die Zulassungsbeschrankung von Vertragszahnarzten gestrichen. Demnach
werden keine Zulassungssperren mehr infolge bestehender Uberversorgung in einem
Planungsbereich ausgesprochen (34). Unberiihrt von dem Gesetz bleiben die bedarfsplanerischen

Aktivitaten der Kassenzahnarztlichen Vereinigungen bestehen.

Die Bedarfsplanung der vertragszahnarztlichen Versorgung in Deutschland obliegt den
Kassenzahnarztlichen Vereinigungen in  Zusammenarbeit mit den Landesverbanden der
Krankenkassen und Ersatzkassen sowie dem Gesundheitsministerium des Landes. MaRgeblich ist
dabei die Bedarfsplanungs-Richtlinie fiur Zahnarzte des G-BA, der im Sinne des Bundesministeriums
fir Gesundheit agiert (33). Der G-BA hat sich auf die Fahne geschrieben, ,den Versicherten und
ihren Familienangehdrigen eine bedarfsgerechte und gleichmaRige zahnarztliche Versorgung (...) in
zumutbarer Entfernung® (35) zu ermdglichen. Als Grundlage wurde mit der Bedarfsplanungs-
Richtlinie eine Einheitlichkeit zur Fixierung von Planungsbereichen und zur Klassifizierung eines
bedarfsgerechten oder ungleichen Versorgungsstandes geschaffen. Die Planungsbereiche wurden
nach kreisfreien Stadten, Landkreisen, Kreisregionen und gegebenenfalls Gemeinden gegliedert.
Der allgemeine Versorgungsbedarf je Region wurde durch eine Verhéltniszahl ermittelt, indem die

Anzahl der Einwohner den tatigen Zahnarzten gegenubergestellt wird. Daraus ergibt sich eine
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Zahnarzt-Einwohner-Relation. Fur Zahnarzte und Kieferorthopaden wurden gesonderte Werte
erfasst. Fir Zahnarzte gilt eine gebietsabhangige Allgemeine Verhaltniszahl von 1:1.280 (flr
groRstadtische Regionen) bzw. 1:1.680 (flr alle Gbrigen Regionen), fir Kieferorthopaden 1:4.000.
Durch Bertcksichtigung von Einflussgroen (wie Morbiditat, Bevolkerungsstruktur und -entwicklung)
kann die Verhaltniszahl unter Zugrundelegung der jeweiligen Einwohner- und Zahnarztezahl an
regionale Gegebenheiten angepasst werden. Zur Ermittlung des Versorgungsgrades werden diverse
Faktoren einbezogen. So sind in der Planung einerseits Zahnarztdaten wie Zulassungsstatus, Alter,
Anzahl tatiger Zahnarzte und andererseits Bevolkerungsdaten wie Einwohnerzahl, Altersstruktur der
Bevdlkerung, Leistungsumfang beriicksichtigt. Informationen zu zahnérztlichen Leistungen
beschranken sich auf Angaben zu quartalsweisen Abrechnungsfallen im Bereich konservierend-
chirurgischer und kieferorthopadischer Behandlungen (35). Aus diesen Parametern resultiert eine
festgelegte Zahl von Vertragszahnarztsitzen pro Planungsbereich, die gemall Bedarfsplan eine
bedarfsgerechte ~ Versorgung ermdglichen. Eine regionale Unterversorgung liegt laut
Bedarfsplanungs-Richtlinie vor, wenn spezifische Vertragszahnarztsitze dauerhaft unbesetzt sind
und infolge dessen eine erschwerte Inanspruchnahme zahnarztlicher Leistungen entsteht. Diese
Situation ist anzunehmen, wenn der Bedarf das Angebot um mehr als 100% Ubersteigt.
Uberschreitet hingegen das Angebot den Bedarf um mehr als 10%, wird eine Uberversorgung

angenommen (35).

Grundlegend ist festzustellen, dass die Bedarfsplanung des G-BA zwar Versorgungskennzahlen
erfasst und Uberwacht, jedoch seit 2007 bis anhin keine aktiven Regelmechanismen (wie bspw.
Sperrungen von Vertragszahnarztsitzen) im Falle einer Uberversorgung einsetzt. Ebenso ist zu
erkennen, dass das Modell des G-BA zur Bedarfsplanung von Zahnarzten lokale Gegebenheiten
sowie Altersdaten (der Zahnarzte und Versicherten) und partiell Leistungsumfange beriicksichtigt;
eine Verknipfung des tatsachlichen Bedarfs nach zahnéarztlichen Leistungen auf Versichertenseite
und des verfligbaren Angebots auf Zahnarztseite wird jedoch nicht oder nur teilweise vorgenommen.
Der tatsachliche Bedarf nach Leistungen spiegelt den demographie- und morbiditatsbezogenen
Arbeitszeitbedarf in einer bestimmten Region wider. Das Angebot an Leistungen zeigt das regional
zur Verfligung stehende Arbeitszeitangebot der Zahnarzte auf. Eine Messung der zeitlichen
Angebots- und Bedarfs-Faktoren wird nicht vorgenommen.

Das seit 2009 bestehende PROG30-Modell des Instituts der Deutschen Zahnarzte (IDZ) stellt die
deutschlandweit verflgbare Zahnarztezahl dem Bedarf an zahnarztlichen Leistungen gegentiber und
prognostiziert diese Entwicklung bis in das Jahr 2030. Es werden prophylaktische, prothetische,
kieferorthopadische, parodontologische und konservierend-chirurgische Malnahmen berlcksichtigt.

Der Leistungsbedarf wird auf Basis von Bevolkerungsprognosen, nationalen Morbiditatsdaten
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(entsprechend der Deutschen Mundgesundheitsstudien [DMS]) und geschéatzten Zeitdauern fir die
Behandlung dieser Morbiditaten ermittelt (36). Eine solche Erfassung berticksichtigt sowohl die
demographische Entwicklung als auch beispielsweise die Verschiebung von Munderkrankungen wie
Karies oder Parodontitis in das hohere Alter (also andere Bevdlkerungsgruppen) (36, 37). Auf der
Angebotsseite wird die durch niedergelassene und angestellte Zahnarzte relevante Arbeitszeit
geschatzt. Dabei werden bei der Prognose auch geschlechterabhangige Arbeitszeiten und die
zukiinftige Entwicklung der jahrlichen zahnérztlichen Approbationszahlen erfasst (so kénnen
beispielsweise der Trend hin zu mehr Teilzeittatigkeit, aber auch die seit Jahren moderat steigenden
Approbationszahlen abgebildet werden).

Mit diesem Modell hat das IDZ den Weg in Richtung einer Prognoseplanung zu Angebot und Bedarf
zahnéarztlicher Leistungen geebnet. Allerdings erfolgt dies bisher nur aus gesamtdeutscher
Perspektive; das erwahnte Problem der regionalen Uber- oder Unterversorgung wird durch das
PROG30-Modell nicht beriicksichtigt. Zur Identifikation einer Uber- oder Unterversorgung besteht
jedoch die Notwendigkeit, einerseits die Mundgesundheit der Bevolkerung und andererseits die
Kapazitét der niedergelassenen Zahnéarzteschaft auf kleinteilig, regionaler Ebene (z.B. Postleitzahl-
Bereiche oder Gemeinden) in Deutschland zu erfassen. Zudem misste — anders als bei dem
PROG30-Modell - die Berentung eines jeden (regionalen) Zahnarztes sowie sein mdglicher Ersatz
beriicksichtigt werden. So sind jahrliche Abgénge deutlich praziser vorhersagbar. Diese und die

Regionalkomponente wéren in ein vollumfangliches Prognosemodell zu integrieren.

1.3 Zielstellung
Die WHO hat in ihrem 2003 verdffentlichten ,The World Oral Health Report® vier Hauptstrategien

vorgestellt, mit dem Ziel, die (Mund-)Gesundheit der Weltbevolkerung zu verbessern. Eine der
MaRnahmen umfasst die Entwicklung von Gesundheitssystemen, welche eine (auch Zugangs-)
gerechte und an dem Bedarf der Bevolkerung orientierte Versorgung schaffen (22). Die vorliegende
Arbeit orientiert sich an diesen Forderungen. Das Ziel der Dissertation war, die regionale Verteilung
von zahnarztlichen Versorgungsangeboten und -bedarfen am Beispiel des Bundeslandes
Mecklenburg-Vorpommern (M-V) zu analysieren und zu prognostizieren. Auf Basis von Zahnarzt-,
Bevolkerungs- und Morbiditatsdaten wurde im ersten Schritt der Ist-Stand des regionalen
Versorgungsangebots und -bedarfs dargestellt. Als Zweites wurde mittels einer regionalen
Vorhersage die Angebots- und Bedarfsentwicklung bis in das Jahr 2030 prognostiziert. Dies
umfasste die Darstellung von Zu- und Abgéngen an Zahnarzten sowie die Modellierung eines zu

erwartenden Bedarfs. Im dritten Part der Arbeit wurden vorhandene Instrumente und Ansatze zur
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Steuerung der raumlichen Dispersion von Zahnarzten evaluiert und auf inre Anwendbarkeit innerhalb

des raumlichen Rahmens Uberprift.
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2 Methodik

In der ersten Studie wurden regionale Angebote und Bedarfe von zahnarztlichen Dienstleistungen in
den Jahren 2001 und 2011 verglichen. Als rdumliche Einheit wurden Postleitzahl-Gebiete (PLZ)
gewahlt. Fir diese und die zweite Studie (Prognose) wurde folgendermalen zur Ermittiung von
Angeboten bzw. Bedarfe vorgegangen: Auf der Angebotsseite wurden die jahrlichen Bestands-, Zu-
und Abgangszahlen von Zahnérzten (niedergelassen oder angestellt Tatige) erfasst; dazu wurden
Daten aus dem Zahnarztregister der Landeszahnarztekammer M-V genutzt. Pro Zahnarzt wurden, in
Abhangigkeit vom Geschlecht, tagliche Arbeitszeiten in 2001 und 2011 berechnet; die nétigen Daten
wurden aus dem Jahrbuch der Kassenzahnarztlichen Bundesvereinigung (KZBV) entnommen (38).
Aus Zusammenflhrung der vorab genannten Daten resultierte eine potentielle Jahresarbeitszeit je
Region (angegeben in Jahresangebotszeit), welche als Angebot an Leistungen den Patienten zur
Verfligung steht. Der regionale Bedarf an Leistungen (angegeben in Jahresbedarfszeit) wurde durch
Verknlpfung der regionalen Bevolkerungszahlen des Statistischen Landesamtes M-V mit
Morbiditatsdaten ermittelt. Dabei wurden fir die verschiedenen oralen Erkrankungsklassen
(konservierend-chirurgisch, prothetisch, parodontologisch, kieferorthopadisch, prophylaktisch) die
Erkrankungslast in verschiedenen Altersklassen in 2001 und 2011, basierend auf Daten der DMS I
und IV, ermittelt (39, 40). Hierzu wurden Zeitreihen zwischen den beiden Querschnittsstudien
interpoliert. Aus der Projektion der Pro-Kopf-Morbiditatslast in den verschiedenen Altersklassen auf
die Altersstruktur der regionalen Bevolkerung ergab sich eine regionale Morbiditatskennziffer.
Basierend auf Leistungserfassungsstatistiken der KZBV sowie Fragebogenerhebungen des
Institutes der Deutschen Zahnarzte wurden, analog zu einem bereits in PROG30 genutzten Modus,
die fiir jede Erkrankungsklasse notwendige Behandlungszeit ermittelt (36, 41). Die sich aus dem
Modell zur Bedarfsermittiung ergebenen vorhergesagten Leistungssummen fiir 2001 und 2011
wurden schlieBlich durch Gegenlberstellung mit veroffentlichten Leistungsstatistiken der KZBV aus
2001 und 2011 validiert. Aus beiden Zahlen, der Jahresbedarfszeit und der Jahresangebotszeit,
wurde ein Angebots-Bedarfs-Ratio innerhalb der Postleitzahlenbereiche ermittelt, welches wiederum

geographisch abgebildet und statistisch (u.a. mittels Gini-Koeffizient) bewertet wurde (42).

Die zweite Studie befasste sich mit der prognostischen Beurteilung des Bedarfs von und des
Angebots flr zahnarztliche Leistungen in den Postleitzahlregionen im Jahr 2030. Zur Darstellung des
Leistungsangebots waren zwei Komponenten notwendig. Zum einen wurden die Abgange (durch die
geschatzte Anzahl der Berentungen) an Zahnmedizinern mit Hilfe des Zahnarztregisters und den

darin benannten Altersstrukturen tatiger Zahnarzte von 2011 bis 2030 errechnet. Zum anderen
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wurde die Entwicklung des Pools an neu in Deutschland ausgebildeten (approbierten) Zahnarzten
bis 2030 ermittelt. Dazu wurden einerseits die Approbationszahlen bis 2030, basierend auf Daten
der Bundeszahnarztekammer 2001 bis 2011 linear (in drei Szenarien) extrapoliert. Aus diesem
deutschlandweiten Datensatz wurde dann, ebenso mittels Daten von 2001 bis 2011, der Anteil der
nach Mecklenburg-Vorpommern zuwandernden Zahnarzte gemessen und bis 2030 fortgeschrieben.
Auf regionaler Ebene wurde nun, relativ zu verschiedenen EinflussgrofRen (u.a. Zahl der
Zahnarztabgange,  Bevolkerungsdichte,  jahrliches  Haushaltseinkommen,  Landpreise,
Beschaftigtenquote, Bevdlkerungsanteil mit Hochschulabschluss), die Zuwanderung von Zahnéarzten
von 2001 bis 2011 mittels einer geographisch gewichteten Regression (GWR), analysiert. Die GWR
stellt eine lokale Form linearer Regression zur Modellierung raumlich variierender Beziehungen dar.
Aus den entsprechenden regionalen Koeffizienten konnte nun geschatzt werden, in welchen
Regionen sich wie viele Zahnarzte bis 2030 neu niederlassen oder anstellen lassen werden. Aus der
Ab- und Zuwanderung wurden die verfiigbaren Zahlen an Zahnarzten fur jeden PLZ-Bereich in 2030
ermittelt. Die Leistungsbedarfe in 2030 wurden ausgehend von projizierten Morbiditatsdaten der
Deutschen Mundgesundheitsstudien fiir Gesamtdeutschland kalkuliert. Unter Nutzung von sozio-
demographischen Daten konnte ein altersangepasster Leistungsbedarf pro Postleitzahlenbezirk
berechnet werden. Wie bereits bei der ersten Studie wurden die Bedarfs- und Angebotswerte in
eine Bedarfs-Angebots-Ratio (ibertragen, welches geographisch abgebildet wurde. Zur Uberpriifung
der Robustheit der Prognose wurden drei Szenarien mit unterschiedlichen Annahmen hinsichtlich
dem Berentungsalter der Zahnarzte, dem Zufluss an neu zugelassenen Zahnarzten, der

Wochenarbeitszeit und der Bevolkerungsprognose erstellt (43).

In der dritten Studie wurde die Effektivitat vorhandener politischer Instrumente zur Kontrolle und/oder
Steuerung der raumlichen Dispersion von Zahnarzten auf der Basis eines systematischen
Literaturreviews untersucht. Unter politische Instrumente fallen beispielsweise die Limitierung von
Zahnarzten in Uberversorgten Regionen, die Etablierung von Entlohnungsanreizen und nicht-
pekuniaren Anreize zur Niederlassung in unterversorgten Gebieten oder die Steigerung der
Attraktivitat landlicher Regionen durch thematische Integration in den Lehrplan Studierender.
Angewandt wurde die von der Cochrane Review Gruppe ,Effective Practice and Organisation of
Care* (EPOC) vorgeschlagene Reviewsystematik. Es wurden Studien mit randomisiert und nicht-
randomisiert kontrollierten Versuchen, kontrollierte Vorher-Nachher-Studien und unterbrochene
Zeitreihen in die Analyse eingeschlossen. Betrachtet wurde die Gruppe der Zahnmediziner sowie
selbstandiger Dentalhygieniker und Dentaltherapeuten. Eingeschlossen wurden Studien, die eine
oder mehrere der vier a priori definierten Interventionskategorien untersuchten: (I)

bildungsorientierte, (Il) finanzielle, (lll) regulatorische und (IV) personelle Interventionen. Mittels
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eines strukturierten Suchalgorithmus’ wurden die relevanten Studien aus vier Datenbanken
extrahiert: Cochrane Central Register of Controlled Trials (CENTRAL), Medline, Embase und
CINHAL. Die Extraktion wurde von zwei Reviewern durchgeflhrt. Im ersten Schritt wurden Studien
selektiert, bei denen die aufgeflihrten Interventionen einen direkten Effekt auf die Distribution von
Zahnarzten in Uber- und/oder unterversorgten Gebieten haben. Im zweiten Schritt wurde untersucht,
welche Wirkung die Intervention auf den Zugang und die Qualitat der Versorgung hat (44). Das
Review wurde in der PROSPERO-Datenbank (CRD42015026265) a priori registriert.
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3 Ergebnisse

3.1 Ergebnisse der Studie “Estimating spatially specific demand and supply

of dental services: a longitudinal comparison in Northern Germany”

Die Studie ,Estimating spatially specific demand and supply of dental services: a longitudinal
comparison in Northern Germany* etablierte ein Modell zur Beschreibung regionaler Angebote und
Bedarfe zahnarztlicher Leistungen und verglich deren Entwicklung von 2001 bis 2011. Dabei wurde
der Bedarf an zahnmedizinischen Leistungen auf Patientenseite dem Angebot auf
Zahnmedizinerseite gegenubergestellt. Von 2001 bis 2011 sank die Bevolkerungszahl in
Mecklenburg-Vorpommern um 7%, das Durchschnittsalter stieg von 41,2 auf 45,8 Jahre. Aufgrund
der demographischen Veranderungen, aber auch der in vielen Bereichen verbesserten
Mundgesundheit, nahm der Bedarf an zahnarztlichen Leistungen insgesamt um 13% ab. Bezogen
auf die einzelnen Leistungskategorien ergab sich die groRte Reduzierung bei konservierend-
chirurgischen, kieferorthopadischen und prophylaktischen Leistungen mit circa 17%; die geringste
Reduktion erfuhren prothetische und parodontologische Leistungen mit 7%. Die konservierend-
chirurgischen Maflnahmen machten 50% des Gesamtbedarfs aus, den geringsten Anteil mit bis zu
6% die parodontologischen und prophylaktischen MalRnahmen. Fiir alle Leistungen blieb der relative

Anteil vom Gesamtbedarf innerhalb der betrachteten Jahre nahezu konstant.

Auch auf Seiten der Zahnarzte ergaben sich Veranderungen von 2001 zu 2011. So kam es zu einem
Rickgang an Zahnmedizinern in Praxen um etwa 10%. Das Geschlechterverhéltnis blieb gleich. Das
Durchschnittsalter stieg von 45,2 auf 50,8 Jahre. Die Wochenarbeitszeit sank leicht. Resultierend
aus diesen Faktoren nahm die verflighare Jahresarbeitszeit um knapp 13% ab. Infolge dessen stieg
die Zahnarzt-Einwohner-Relation leicht an, was sich in einem Riickgang der Angebots-Bedarfs-
Relation um circa 7% bemerkbar macht. In 2011 schwankte die Anzahl an tatigen Zahnarzten je PLZ
zwischen 0 und 185 (42).

Auf Landesebene entwickelte sich die Versorgungsquote von einer moderaten Uberversorgung in
2001 in eine nahezu Idealversorgung in 2011. Mit Blick auf die jeweiligen PLZ-Regionen blieben
jedoch im Verlauf der Dekade (iber- und unterversorgte Bereiche bestehen (42). Von den

untersuchten 174 PLZ-Regionen waren in 2001 59 Regionen unterversorgt?; 63 Regionen

2Versorgungsgrad <50% (= stark unterversorgt) sowie 50% bis 79% (= unterversorgt)
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Uberversorgt® und 52 Regionen ideal versorgtt. Als am starksten unterversorgt galten insbesondere
landliche Gemeinden der Landkreise Mecklenburgische Seenplatte (30% Anteil stark unterversorgte
PLZ-Regionen) und Vorpommern-Greifswald (26% stark unterversorgt), gefolgt von dem sUdlichen
Teil des Landkreises Rostock sowie Teilen von Ludwigslust-Parchim, Vorpommern-Rigen und
Nordwestmecklenburg. Vollstandig Uberversorgt waren die kreisfreien Stadte Rostock und Schwerin.
Eine mit ca. 42% recht hohe Uberversorgung verzeichneten die PLZ-Gebiete der Landkreise
Mecklenburgische ~ Seenplatte, ~Vorpommern-Greifswald und ~ Vorpommern-Riigen.  Die
Uberversorgung in den Landkreisen war vorrangig in stadtischen Regionen auszumachen. Der
Landkreis Nordwestmecklenburg hatte mit 58% den hdchsten Anteil an ideal versorgten PLZ-

Gebieten.

Im Jahr 2011 kam es gegenuber 2001 zu einem Rickgang der ideal versorgten Regionen hin zu
einem Anstieg der unterversorgten PLZ-Gebiete. In 2011 waren 68 Regionen unterversorgt, 67
Gebiete Uberversorgt und lediglich 39 PLZ-Bereiche ideal versorgt. Eine gleichbleibende
Uberversorgung gab es in den kreisfreien Stadten Rostock und Schwerin. Ebenso unverandert blieb
die Versorgungslage im Landkreis Vorpommern-Riigen. Die Landkreise Mecklenburgische
Seenplatte bzw. Landkreis Rostock wiesen nur geringe Veranderungen (leichte Reduzierung bzw.
leichte Erhohung der Uberversorgung) auf. Einen signifikanten Riickgang der Idealversorgung mit
einem gleichzeitigen Anstieg der Unterversorgung mussten die Landkreise Nordwestmecklenburg,
Ludwigslust-Parchim und Vorpommern-Greifswald verbuchen. Diese Entwicklung ist u.a. durch den
Anstieg an unbesetzten Zahnarztsitzen sowie einer partiellen Reduktion des Versorgungsangebots
im landlichen Raum zu erklaren. In Ganze ist zu sagen, dass in beiden Jahren kein genereller
Mangel an Zahnmedizinern bestand; vielmehr ist eine regionale Falschverteilung zu verzeichnen.
Die Validierung des Modells anhand der tatsachlich gemessenen Daten zeigte nur geringe
Abweichungen zwischen den abgeschatzten Bedarfszahlen und den veréffentlichten Bedarfsdaten.
In 2001 lagen die veroffentlichten Gesamtbedarfswerte 4% uber den abgeschatzten Zahlen, in 2011

bestand Paritat zwischen Abschatzung und den gemessenen Daten.

3.2 Ergebnisse der Studie “Estimating future dental services’ demand and
supply: a model for Northern Germany”

Fur Deutschland stehen momentan Prognosen zu durchschnittlichen bundesweiten

Versorgungsbedarfen und den allgemeinen zahnarztlichen Versorgungsangeboten zur Verflgung

3 Versorgungsgrad 121% bis 200% (= (iberversorgt) sowie >200% (= stark Uiberversorgt)
4 Versorgungsgrad 80% bis 120% (= ideal versorgt)
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(36), eine regional differenzierte Prognose fehlt allerdings. Ausgehend von den beschriebenen
regionalen Unterversorgungen erscheinen solche Analysen gerade im landlichen Raum
unzureichend fir die Versorgungsplanung. Daher besteht die Erfordernis ein geografisches

Prognosemodell zu pilotieren.

Auf Basis des zuvor validierten Bedarfsplanungsmodells wurde die zukinftig zu erwartende
Inanspruchnahme an zahnmedizinischen Leistungen prognostiziert. Die Entwicklung der
Angebotszeit von 2011 bis 2030 auf Seiten der Zahnarzte wurde wie beschrieben ermittelt, wobei
verschiedene Varianten an Renteneintrittsaltern, Zuflissen neu approbierter Zahnérzte und
Wochenarbeitszeiten zur Darstellung dreier Szenarien (Best-, Moderate-, Worst-Case) eingesetzt
wurden. Mittels Daten zweier Bevélkerungsprognosen und aus den DMS ermittelten oralen
Morbiditatskennzahlen (DFT5-Werten, MT8-Werten, CPITN’-Werten, Anzahl vorhandener Zahne),

wurde wie dargelegt die morbiditatsbasierte Bedarfszeit kalkuliert.

Bis 2030 schrumpft die Bevolkerung in Mecklenburg-Vorpommern nach den aktuellen Prognosen um
7 bis 11% und altert um durchschnittlich 5 Jahre (ber alle Szenarien hinweg. Der Bedarf an
zahnarztlichen Leistungen wird je nach Morbiditat zwischen 25 und 33% sinken. Infolge einer sich
stetig verbessernden Mundgesundheit auch bei der alternden Bevolkerung wird es zu einer
Verschiebung der Morbiditatshedarfe kommen. So reduziert sich der Bedarf an prothetischen
Leistungen um 7%, wahrend in gleicher Hohe parodontologische Leistungen zunehmen. Je nach
Szenario sinkt die Zahl der Zahnarzte, im Moderate-Case-Szenario um 7%, im Worst-Case-Szenario
um 16%. Das Best-Case-Szenario erfahrt einen geringfligigen Zuwachs an Zahnérzten um 2,5%. In
Abhangigkeit der szenario-relevanten Zahnarzizahlen und Wochenarbeitszeiten ergaben sich
ahnliche Veranderungen je Szenario fir die verfligbare Jahresarbeitszeit der Zahnmediziner in
Praxen. Die durchschnittliche Angebots-Bedarfs-Relation erreichte mit 98% in 2011 nahezu Ideal-
MaR. Dagegen setzte in 2030 im Moderate- und Best-Case-Szenario mit 120% respektive 137% ein
Uberangebot der verfiigbaren Arbeitszeit gegeniiber dem notwendigen Bedarf ein. Im Worst-Case-
Szenario tendierte die Angebots-Bedarfs-Ratio mit 90% in eine leichte Unterversorgung. Bezogen
auf die jeweiligen PLZ-Bereiche war in 2030 eine starker ausgepragte geografische
Ungleichverteilung erkennbar als in 2011. So setzte in mehreren Regionen eine Uberversorgung ein,

wahrend einige unter- oder gar nicht versorgt waren (43).

5 Decayed/Filled Teeth (Karidse/Gefiillte Zahne)
6 Missing Teeth (Fehlende Zahne)
7 Community Periodontal Index of Treatment Needs



Ergebnisse 17

Fur das Moderate-Case-Szenario wurden 55 unterversorgte Regionen, 87 Uberversorgte Regionen
und 32 ideal versorgte Regionen prognostiziert. Fir das Best-Case-Szenario wurden 50
unterversorgte Regionen, 99 (berversorgte Regionen und 25 ideal versorgte Regionen
angenommen. Das Worst-Case-Szenario hingegen prognostizierte 73 unterversorgte, 62
uberversorgte und 39 ideal versorgte Regionen. In allen drei Szenarien wurden die kreisfreien Stadte
Rostock als Uberversorgt und Schwerin sogar als stark Uberversorgt bewertet. In den Moderate-
bzw. Best-Case-Szenarien zeigte der Landkreis Vorpommern-Greifswald die geringste
Unterversorgung bzw. die beste Idealversorgung. Alle Ubrigen Landkreise verzeichneten sowonhl
unter- als auch Uberversorgte PLZ-Regionen mit nur wenigen ideal versorgten Gebieten. Im Worst-
Case-Szenario wiesen alle Landkreise einen nahezu einheitlichen Anteil an ideal versorgten PLZ-
Gebieten von durchschnittlich 23% auf. Uber- und unterversorgte Bereiche hielten sich in etwa die

Waage. Die hdchste Unterversorgung war im Landkreis Vorpommern-Riigen zu finden.

Zusammenfassend lassen alle Szenarien erkennen, dass bis 2030 eine zunehmende Konzentration
der Versorgung in PLZ-Regionen mit stadtischem Charakter einsetzen konnte. In jenen Gebieten
wird tendenziell sowohl Ideal- als auch Uberversorgung prognostiziert. Landliche Regionen kdnnten

mit einer wachsenden Unterversorgung konfrontiert werden.

3.3 Ergebnisse der Studie “Interventions for Enhancing the Distribution of
Dental Professionals: A concise systematic review”

Angebot und Bedarf zahnmedizinischer Leistungen sind regional differenziert gepragt, woraus
unterschiedliche Intensitaten an Zugang zu jener resultieren. Ergebnis ist ein heterogen verteiltes
Angebot an zahnarztlichen Dienstleistungen innerhalb eines Landes im Verhaltnis zum
Patientenbedarf. Ein seit Jahrzehnten bekannter Effekt sind tberversorgte raumliche Cluster, wie
beispielsweise Stadte oder Ballungsraume, im Gegensatz zu unterversorgten meist landlichen
Regionen (31, 45, 46). Zugang zu adaquater Versorgung wird jedoch als eine Qualitatsdimension
des Gesundheitssystems angesehen (1), weshalb Interventionen zur Angleichung einer regionalen
Ungleichverteilung von Regierungen und regulierenden Institutionen eingefordert und angegangen
werden  (47-49). Mit der Studie wurde die |Intention verfolgt, ausgewahlte
Versorgungssteuerungselemente zu evaluieren und auf ihre nachhaltige Wirksamkeit zur Distribution
von zahnarztlichem Personal (darunter zahlen Zahnarzte in Ausbildung, praktizierende Zahnarzte

und Zahnhygieniker) zu untersuchen.



Ergebnisse 18

Mittels eines systematischen Literaturreviews wurden 2.967 Artikel in vier Datenbanken identifiziert,
von denen wiederum nach Sichtung drei Artikel die Einschlusskriterien erfillten. Die entsprechenden
Studien (zwei aus Japan, eine aus Taiwan) behandelten verschiedene Interventionen auf nationaler
Ebene, die initial nicht auf distributive Malnahmen flir zahnérztliches Personal abzielten. Alle drei
Studien wendeten die [TS8-Methodik an. Die erste Untersuchung aus Japan verfolgte eine
regulatorische Strategie, bei der die Zahnarztzahl generell erhoht wurde. In einer Messreihe ab 1980
uber drei Dekaden hinweg wurde ein Anstieg des Zahnarzt-Einwohner-Ratios in Verbindung mit
einem reduzierten Gini-Koeffizient (reduzierter raumlicher Ungleichheit) festgestellt. Die dargelegten
Effekte konnten nicht zwangslaufig den Interventionen zugeschrieben werden. Die zweite aus Japan
stammende Studie dokumentierte den Effekt eines in 2006 implementierten postgradualen klinischen
Trainings-Programms. In der Phase zwischen 2006 und 2010 flhrte die steigende Anzahl an
Zahnarzten zu einem Anstieg der regionalen Ungleichverteilung (ermeut gemessen mittels Gini-
Koeffizient). Auch in dieser Studie konnte keine statistisch robuste Assoziation zwischen Intervention
und Verteilungs-Effekt gezeigt werden. Die dritte Studie bewertete den Einfluss einer regulatorischen
Intervention in Form einer national allgemeinumfassenden Krankenversicherung (,Universal Care®),
mit dem Resultat, dass eine deutlichere regionale Gleichverteilung von Zahnarzten erreicht werden
konnte. Der Gini-Koeffizient veranderte sich in einem Zeitraum von 7 Jahren positiv um 6 Prozent.
Einzig diese Studie zeigte eine statistisch robuste Assoziation zwischen Intervention und
Distributionseffekt (44).

8 Interrupted Times Series
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4 Diskussion

Mit dem hier entwickelten Modell wurde eine Moglichkeit geschaffen, die Entwicklung der regionalen
zahnarztlichen Versorgung basierend auf Morbiditats-, Angebots- und Demographiedaten
darzustellen. Zudem wurde mittels einer systematischen Literaturanalyse untersucht, welche
Interventionen zur raumlichen Steuerung der Versorgungsangebote theoretisch zur Verfugung

stehen und wirksam sind.

4.1 Vorhandene Modelle

Ansétze zur Bedarfsplanung von Angehdrigen medizinischer Berufe zeigten Lopes et al. in einer
Untersuchung zum globalen Status der Thematik. In einem Literaturreview wurden etablierte
Methoden und Techniken evaluiert, die eine Verbesserung des Versorgungsgrundsatzes anstreben.
Demnach steht im Vordergrund, ,den richtigen Personalbestand mit den richtigen Fahigkeiten am
richtigen Ort zur richtigen Zeit festzulegen, um den richtigen Personen die richtigen Leistungen zur
Verfligung zu stellen® (50). Es wurden vier verschiedene Regulierungsansatze zum Angebot von
Dienstleistungen und drei Ansatze zum Bedarf selektiert: Angebotsseitig Methoden zur Ausbildung
(Vorhersage der Zu- und Abgénge von Arzten), zur Produktivitt (differente Arbeitslast und -zeit), zur
Durchmischung von Fahigkeiten (Ubernahme und Unterstiitzung von Arbeitsablaufen) und zum
Personal-Bevolkerungs-Verhaltnis  (Relation der Anzahl von Medizinern je Bevolkerung).
Bedarfsseitig wurden Methoden zum Bedurfnis (auch potentieller Bedarf), zur Wirtschaft (auch
effektiver Bedarf) und fir zielgerichtete Leistungen (Ansatz einer bedarfsgerechten Versorgung)
beschrieben (50). Das hier etablierte Prognosemodell vereint sechs der sieben Ansatze. Lediglich
die Durchmischung von Fahigkeiten wird nicht beriicksichtigt, da der Fokus auf Zahnmedizinern liegt
und kein Einbezug von beispielsweise Dentalhygienikern als potentielle Versorger mit ausgewahlten
zahnarztlichen Behandlungsleistungen stattfindet. Es kann angenommen werden, dass eine
Kombination von Ansatzen eine effektivere Versorgungsplanung durch Beriicksichtigung mehrerer

EinflussgréRen ermadglicht.

Diverse Staaten nehmen national bereits Bewertungen und teilweise Vorhersagen zur Angebots-
und/oder Bedarfslast zahnmedizinischer Leistungen vor. Im Auftrag der OECD hatten Ono et al. die
Merkmale und Ergebnisse von 26 Prognosemodellen zur Planung von medizinischem Personal aus
18 OECD-Landern analysiert. Der Schwerpunkt der Modelle lag auf Medizinern, Vorhersagen — im
Speziellen — zu Zahnarzten wurden in vier Landern aufgefihrt. Die Projektionsweite reichte bei den

meisten Programmen von 2020 bis 2040. Dabei kamen verschiedene Methoden zur Prognose zum
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Einsatz. Einige fokussierten nur die Angebotsseite, andere nur die Bedarfsseite und wieder andere
kombinierten Angebot und Bedarf. Die jeweiligen Vorhersagen griindeten meist auf unterschiedlich
gepragten Basisparametern (wie Einwohner-Arzt-Relation, Anzahl Arzte, Absolventenrate,
Arbeitszeiten, Behandlungshaufigkeit je Alter, Krankheitshaufigkeit/-verbreitung, Arztkonsultationen)
eines Jahres, die mit abgeschatzten bzw. angenommenen Faktoren (wie sich Angebot und Bedarf
entwickelt) in Form einer Szenariendarstellung in die Zukunft projiziert wurden. Die aufgeflhrten
zahnmedizinischen Modelle betrachteten entweder die Angebotsseite (in Danemark, Deutschland)
oder in Kombination die Entwicklung von Angebot und Bedarf (in Korea, Niederlande). Das dénische
Modell berticksichtigte Wachstumsquoten hinsichtlich Approbations-, Immigrations- und Austritts-
/Berentungsraten. Das deutsche Modell nutzte die Einwohner-Arzt-Relation in Verbindung mit
Demographiefaktoren. Das koreanische Modell rechnete einerseits mit Bewerber-, Absolventen-,
Neuzulassungs- und Bestandspersonalzahlen sowie andererseits mit gemeldeten ambulanten
Leistungsdaten (wie Besuche, Behandlungsart) verwoben mit Wachstumstrends. Das
niederlandische Modell nutzte zur Vorhersage Expertenmeinungen sowie Informationen (wie
Absolventenrate, Berufsjahre, unerfilllter Bedarf, Demographie) aus der Vergangenheit mit
Projektion in die Zukunft (51).

In 2009 verdffentlichte das Institut der Deutschen Zahnarzte (IDZ) die PROG30, in der Angebot und
Bedarf an zahnarztlichen Leistungen in Deutschland prognostiziert werden. Dabei verwendete das
IDZ als Prognosefaktoren die demographische Entwicklung, die Mundgesundheit (Morbiditaten
gemass DMS) und das Angebot an Leistung der Zahnarzte (erforderliche Behandlungszeit auf Basis
von Leistungskomplexen) (36). Dabei wurden Morbiditaten und Behandlungsumfange auf nationaler

Ebene vorhergesagt. Eine Betrachtung auf kleinraumlicher Ebene wurde nicht vorgenommen.

Defizite in der Erflllung der Erfordernisse einer vollumfanglichen regionalen Angebots- und
Bedarfsplanung sind bei nahezu allen Modellen erkennbar. Die Verlinkung von Bevolkerungsdaten,
Morbiditaten und berichteten Behandlungsfallen zur Vorhersage zukinftigen Bedarfs erfiillt nahezu
keines der Modelle; lediglich die Prognosesystematik des IDZ steuert in diese Richtung. Raumlich
bewegen sich alle Modelle auf sehr grobem Niveau. Das mit dieser Arbeit erstellte Modell ebnet den
Weg, den Versorgungszustand auf regionaler Ebene und in Abhangigkeit von Morbiditdten und

Versorgungsangeboten und -bedarfen zu messen.
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4.2 Starken und Schwéchen des Modells

Die Vorhersagegenauigkeit des Prognosemodells unterliegt einigen limitierenden Faktoren. So lebt
die Analysewertigkeit des Modells von der Datenbasis. Im Zuge der Datenrecherche fiir die Studie
wurde erkennbar, dass demographische und zahnarztliche Daten allein in Deutschland von
Bundesland zu Bundesland in unterschiedlicher Intensitat und Qualitat registriert werden. Nicht alle
Statistischen  Landesamter verfligen Uber ein durchgangiges bevolkerungsstatistisches
Datenmaterial. Historische Abbildungen von Zahnarztzahlen sind ebenfalls nicht in allen
Bundeslandern vorhanden. Diese waren jedoch fur die Validierung des Modells von Wichtigkeit. Fur
Mecklenburg-Vorpommern lag eine sehr gute statistische Datenbasis, sowohl demographischer als
auch zahnarztlicher Zahlen, vor. Mecklenburg-Vorpommern wurde daher als Pilotregion gewahit.
Gleichfalls existierten umfangreiche Morbiditats- und Leistungsstatistiken von innerhalb der GKV
erbrachten Einzelleistungen. Die Datenqualitat der veréffentlichten Abrechnungsdaten war aufgrund
des hohen Anteils an gesetzlich Versicherten in den Neuen Bundeslandern fiir Mecklenburg-
Vorpommern gut verwertbar. Durch den hohen GKV-Anteil gaben die gemeldeten Abrechnungsfélle
ein relativ genaues Abbild der in Anspruch genommenen Leistungskomplexe der Bevolkerung
wieder. Mit Blick auf die einzelnen Bundeslander kdnnen die Prognosedaten jedoch durch den
uneinheitlich ausgepragten Anteil an Privatleistungen beeinflusst werden. Privatleistungen werden
nicht in den Einzelleistungsstatistiken der Kassenzahnarztlichen Bundesvereinigung bertcksichtigt.
Folglich erhohen Privatleistungen — wenn diese Daten nicht beriicksichtigt werden kénnen — die

Ungenauigkeit in der Bedarfsprognose.

Dariber hinaus ist der gerade bei angestellten Zahnarzten individuelle Anspruch an eine Work-Life-
Balance (z.B. Halbtags-Tatigkeit) ein nicht zu verkennender Aspekt (52-54). Dieser hat Einfluss auf
die geleistete Wochenstundenzahl und damit auf die verfliigbare Jahresangebotszeit der Zahnarzte.
Der Faktor einer Halbtags-Beschéaftigung wurde in dem Modell berlcksichtigt, kann jedoch nur vage
prognostiziert werden. Das Modell rechnet zudem mit der Anzahl an tatigen Zahnarzten je PLZ-
Gebiet. Unter die Tétigen fallen die niedergelassenen und angestellten Zahnarzte. Wird ein
niedergelassener Zahnarzt berentet, entfallt dieser dem Gesamtbestand an Zahnarzten. Die
angestellten, jlingeren Zahnarzte bleiben als Kalkulationsgrole bestehen. Es wird davon
ausgegangen, dass einer der angestellten Zahnarzte die Praxis Gbernimmt. Sollte dem nicht so sein
und die Praxis wirde aufgelost, kdnnte sich die Versorgungssituation in einigen Regionen
verscharfen. In welchem Mal sich das Bestreben bei jungen Zahnarzten zur Niederlassung in einer

eigenen Praxis entwickelt, kann nur als Annahme berticksichtigt werden. Erste Studienergebnisse
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deuten jedoch an, dass der Wille zur Selbststandigkeit abnimmt und das Angestelltenverhaltnis an
Attraktivitat gewinnt (55).

Eine genauere Abschatzung des Zuflusses an approbierten Zahnarzten wirde die Vorhersage des
Angebots zahnmedizinischer Leistungen aufwerten. Die Schwankungsbreite hinsichtlich der Anzahl
an verfugbaren Zahnarzten in 2030 liegt zwischen dem Worst-Case-Szenario mit 1.099 Zahnarzten
und dem Best-Case-Szenario mit 1.346 Zahnérzten bei circa 22%, was entweder in eine Uber- oder
in eine Idealversorgung miindet (43). Dies sind zwei unterschiedliche Szenarien, die im Hinblick auf
eine Versorgungssteuerung auch verschiedene Regulierungsaspekte bedingen.

Die Zuwanderung von Personen aus dem Ausland nach Mecklenburg-Vorpommern wurde in dem
Modell nicht bertcksichtigt. Wirde jedoch der Anteil an zugewanderten Personen rechnerisch
relevant werden, kame auf der Bedarfsseite eine wachsende Inanspruchnahme nach zahnarztlichen
Dienstleistungen der Bevolkerung in Betracht. Wie sich die seit 2015 anhaltende Fliichtlingssituation
auf die Anspruchszahlen auswirkt, misste nach Bekanntwerden der tatsachlichen Veranderung der
demographischen Daten betrachtet werden. Auf Angebotsseite betrafe die Berlicksichtigung von
immigrierten Personen einen maoglichen Zufluss von auslandischen Zahnarzten, insofern die
zahnarztliche Approbation in Deutschland erteilt wurde. Der Anteil an zugewanderten auslandischen

Zahnarzten, die die deutsche Approbation erlangt haben, ist bundesweit verhaltnismaRig gering (56).

Zur Kalkulation der bevolkerungsrelevanten Leistungsbedarfe wurde die Morbiditatslast auf Basis
der DMS IV (Bezugsjahr 2005) berlcksichtigt. Im August 2016 verdffentlichte das Institut der
Deutschen Zahnarzte die neueste DMS V (Bezugsjahr 2014) mit aktualisierten Daten zur
bundesweiten Mundgesundheit. Uber fast alle Bevélkerungsgruppen hinweg kann eine Reduktion in
Anzahl und Schwere der auftretenden Morbiditaten ausgemacht werden. So sank beispielsweise der
Kariesbefall bei Kindern und Erwachsenen in den vergangenen Jahren iber alle Alters- und
Sozialschichten hinweg (37). Der Kariesbefall wird durch den DMFT-Wert angegeben und wurde in
unserem Modell mit konservierend-chirurgischen und prothetischen Leistungen verkniipft. In Zahlen
ausgedrlickt bedeutet der Karies-Rlickgang, dass der DMFT-Wert bei jingeren Erwachsenen (35-
bis 44-Jahrige) von 14,6 in 2005 auf 11,2 in 2014 abnahm (37). Das Prognosemodell hatte fur 2011
einen DMFT-Wert von 14,22 und fiir 2030 einen Wert von 8,12 fir diese Altersgruppe angenommen.
Bei jungeren Senioren (65- bis 74-Jahrige) lag der DMFT-Wert gemal DMS bei 22,1 in 2005 und
17,7 in 2014 (37). Das Prognosemodell geht von DMFT-Werten von 20,92 in 2011 und von 14,54 in

2030 aus. Im Vergleich mit diesen Zahlen orientieren sich die DMFT-Werte des Prognosemodells
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sehr gut an der Trendlinie zur Entwicklung der Karieserfahrung. Es kann somit davon ausgegangen

werden, dass die vorhergesagten Morbiditatskennzahlen eine relativ robuste Prognose darstellen.

Die DMS V hat im Weiteren herausgestellt, dass insbesondere die Gruppen der jingeren Senioren
(65 bis 74 Jahre) und alteren Senioren (75 bis 100 Jahre) eine spirbare Verbesserung der
Mundgesundheit verzeichnen. Die alteren Senioren sind heute oral so gesund wie die jlingeren
Senioren in 2005. Es kommt zu einer sogenannten Morbiditdtskompression, wonach eine
Verschiebung der Erkrankungen in hohere Altersschichten einsetzt (37). Bisher wurde
angenommen, dass Senioren eine generell niedrigere Inanspruchnahmefrequenz flr zahnéarztliche
Leistungen (und eine erhdhte fiir arztliche Betreuung) aufweisen (57). Dies wurde auch im Modell
berticksichtigt. Es bleibt jedoch unklar, ob auch zukinftig solch eine verminderte Inanspruchnahme
bei alteren Menschen realistisch ist. Ware dies nicht der Fall, musste gerade in Regionen mit einer
durchschnittlich alteren Bevolkerung von einer Bedarfserhéhung ausgegangen werden, was eine

zusétzliche Anspannung der Versorgungslage erzeugen konnte.

4.3 Steuerungsinstrumente zur raumlichen Verteilung von Zahnérzten

Wirde das Szenario eines sich zuspitzenden Versorgungsmissstandes eintreten, sind umso mehr
politische und regulatorische Ansatze flir eine ausgewogene Distribution von Zahnarzten gefordert,
um in erster Linie jedem Burger einen gerechten Zugang zu adaquater Versorgung zu ermoglichen.
International sind diverse Interventionen etabliert, die Zahnarzte zur Niederlassung in unterversorgte,
landliche Regionen animieren, aber auch den Bestand an Zahnérzten in Uberversorgten Regionen
zu verringern versuchen. In der dritten Studie dieser Arbeit konnte festgestellt werden, dass die
Effektivitat der untersuchten Interventionen nur begrenzt belegt ist. Demnach existiert eine Vielzahl
an Studien zur Steuerung von Zahnmedizinern; allerdings beschranken sich die meisten Studien auf
eine Beschreibung vorhandener Steuerungselemente, unternehmen aber nicht den Versuch eines
Wirksamkeitsnachweises (44). Zu einem ahnlichen Ergebnis kommt auch ein von Grobler et al.
durchgefilhrtes Cochrane Review. Betrachtet wurden hierbei spezielle Interventionen (z.B.
Stipendien, Zuschiisse, hohere Lohne, Praktika oder Ausbildung in Praxen/Krankenhdusern in
abgelegenen Gebieten), die den Bestand an Medizinern und medizinischem Personal (sowie
Zahnmediziner und zahnmedizinisches Personal) in landlichen und unterversorgten Regionen
erhdhen sollen (58). Die Studie unterstreicht den mangelnden Nachweis der Effektivitat vorhandener
Interventionen zur gerechten Distribution von Gesundheitspersonal. Eine Vielzahl der Interventionen
ist zudem politischer Natur, weshalb eine Evaluation haufig nicht vorhanden ist. Die

herauszustellenden Effekte sind folglich nicht in wissenschaftlichen Publikationen zu finden. Es
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bedarf grundsatzlich praziserer Nachweise, um maRgeschneiderte Interventionen und
allgemeinglltige Prinzipien zu erarbeiten. Zuklnftige Studien sollten eine umfangreichere
Datensammlung wahrend der Implementierung von Interventionen vollziehen, um so eine prazise

Darstellung deren Effektivitat zu ermdglichen.
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5 Schlussfolgerung

Gesundheitsorganisationen und -institutionen weltweit sind mit der regionalen Fehlverteilung an
zahnmedizinischer Versorgung konfrontiert. Das dargestellte Prognosemodell soll einen Beitrag
leisten, diesem Versorgungsproblem entgegen zu wirken. Dies geschieht durch (1) die
Quantifizierung des aktuellen und zukinftigen Personalbestands mit den zur Verfligung stehenden
Leistungszeiten je Region, (2) die Quantifizierung des aktuellen und zukiinftigen Bedarfs nach
zahnarztlichen  Leistungen der Bevdlkerung bezogen auf zukinftig zu erwartende
Bevdlkerungszahlen und Morbiditaten, (3) und die Identifizierung von zukinftig wahrscheinlichen
gebietsspezifischen Zugangsliicken. Die Ergebnisse der Studien zum Prognosemodell zeigten einen
Rickgang der Bevdlkerung in Mecklenburg-Vorpommern bis 2030 mit einer einhergehenden
Reduktion des Bedarfs zahnmedizinischer Leistungen auf Patientenseite. Hingegen Uberstieg in
zwei der drei modellierten Szenarien das Angebot an Leistungen der Zahnérzte den bendtigten
Gesamtbedarf der Mecklenburg-Vorpommerschen Bevolkerung. In Betrachtung der regionalen
Bedarfe sind sowohl Uber- als auch unterversorgte Gebiete auszumachen, beispielsweise ist eine
Ungleichverteilung der Versorgung von stadtischen und landlichen Regionen auffallig: Im stadtischen
Raum bestand ein Uberangebot an zahnarztlichen Leistungen, in landlichen Raumen teilweise ein
Unterangebot. Es bestlinde demnach eine Falschverteilung des Versorgungsangebots zur
Abdeckung des Bedarfs; ein genereller Mangel an Zahnarzten Iage nicht vor. Die gewonnenen
Erkenntnisse sind relevant fiir die zukinftige zahnarztliche Bedarfsplanung. So konnen die
Ergebnisse der Arbeit als Basis fiir die Identifikation von Regionen mit zukiinftigen Unter-, aber auch
Uberversorgungen dienen. Eine Ausweitung der vorgenommenen Modellierung auf weitere
Bundeslander ist anzudenken. Es existieren Steuerungsinstrumente fiir die raumliche Verteilung von
Zahnarzten, es fehlt jedoch noch an belastbarer Evidenz zur Wirksamkeit. Hier sind weitere Studien

notwendig.
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Zusammenfassung

Zusammenfassung

Zielstellung

Zugang zu Gesundheitsversorgung ist eine Dimension von Versorgungsqualitdt; eine
zugangsgerechte  Versorgung  setzt ein  den  Versorgungsbedarfen  angemessenes
Versorgungsangebot voraus. Das Ziel der vorliegenden Dissertation war, die regionale Verteilung
von zahnarztlichen Versorgungsangeboten und -bedarfen am Beispiel des Bundeslandes
Mecklenburg-Vorpommern (M-V) zu analysieren und zu prognostizieren. Zudem sollten MaRnahmen
zur Steuerung der raumlichen Verteilung von Zahnarzten evaluiert werden.

Methodik

Auf der Basis von Zahnarzt-, Bevolkerungs- und Morbiditdtsdaten wurden zunéchst die regionalen
Versorgungsangebote und -bedarfe des Bundeslandes M-V in 2001 und 2011 dargestellt.
Anschliefend wurde ein Modell zur Vorhersage der regionalen Verteilung von zahnérztlichen
Versorgungsangeboten und -bedarfen entwickelt, validiert und zur Projektion des Jahres 2030
angewandt. Dazu wurden die zu erwarteten Zu- und Abgéange an Zahnarzten in jeder Region sowie
die zu erwartenden Bedarfe modelliert. Dabei wurden drei Szenarien dargestellt
(Best/Worst/Moderate Case). Vorhandene Mafinahmen zur Steuerung der rdumlichen Verteilung
von Zahnarzten wurden mittels systematischer Literaturanalyse gesichtet und auf ihre Wirksamkeit
uberpruft.

Ergebnisse

In 2001 und 2011 zeigte sich eine signifikante regionale Ungleichverteilung in dem Verhaltnis von
Versorgungsangeboten und -bedarfen. Das entwickelte Vorhersagemodell zeigte eine hohe Validitat.
Der Ruckgang der Bevolkerung in M-V bis 2030 sowie eine parallel dazu einhergehende Reduktion
des Bedarfs zahnmedizinischer Leistungen fihrten zu einer signifikanten Abnahme der regionalen
Versorgungsbedarfe. Auf der anderen Seite wurde bis 2030 eine Abnahme der
Versorgungsangebote vor allem im landlichen Raum beobachtet. In zwei der drei modellierten
Szenarien Uberstieg das Versorgungsangebot den bendtigten Versorgungsbedarf in M-V. Dabei
wurden sowohl Uber- als auch unterversorgte Gebiete identifiziert. Wir erwarten eine Verscharfung
der regionalen Ungleichversorgung bis 2030. Die Wirksamkeit der zahlreichen Instrumente zur
Steuerung der raumlichen Verteilung von Zahnarzten ist nur bedingt belegt.

Schlussfolgerung

Die bestehende Ungleichverteilung des Verhaltnisses von Versorgungsangeboten und -bedarfen
wird sich bis 2030 vermutlich verscharfen. Eine generelle Unterversorgung ist nicht zu erwarten.
Entscheidungstrager in der Versorgungsplanung stehen diverse Steuerungsmaflinahmen zur
Bekampfung der Fehlverteilung zur Verfligung. Vor der Anwendung dieser MalRnahmen sollte deren
Wirksamkeit in Modellstudien ermittelt werden.
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Introduction

Abstract

Objectives: Assessing the spatial distribution of oral morbidity-related demand
and the workforce-related supply is relevant for planning dental services. We aimed
to establish and validate a model for estimating the spatially specific demand and
supply. This model was then applied to compare demand-supply ratios in 2001
and 2011 in the federal state of Mecklenburg—Vorpommern (Northern Germany).
Methods: The spatial units were zip code areas. Demand per area was estimated by
linking population-specific oral morbidities to working times via insurance claim
data. Estimated demand was validated against the provided demand in 2001 and
2011. Supply was calculated for both years using cohort data from the dentist
register. The ratio of demand and supply was geographically mapped and its
distribution between areas assessed using the Gini coefficient.

Results: Between 2001 and 2011, a significant decrease of the general population
(—=7.0 percent), the annual demand (—13.1 percent), and the annual supply
(—12.9 percent) was recorded. The estimated demands were nearly (2001: —4
percent) and completely (2011: =0 percent) congruent with provided demands.
The average demand-supply-ratio did not change significantly between 2001 and
2011 (P> 0.05), but was increasingly unequally distributed. In both years, few
areas were over-serviced, while many were under-serviced.

Conclusions: The established model can be used to estimate spatially specific
demand and supply.

not seem to be generalized under-servicing in most industri-

Dental services planning in Germany aims to secure a
“widespread, adequate and accessible” service (1,2). This aim
is challenged by a demographically changing and increasingly
unequally distributed demand on the one side, and a spatially
polarized, more female workforce with reduced clinical work-
ing hours on the other side (1,3).

Planning dental services is relevant given that several rural
areas in Germany are already under-serviced by general prac-
titioners (4). Such under-servicing mostly affects those with
low mobility and high needs (5), and increases the existing
unequal distribution of health between populations (6-9).
For dentistry, this phenomenon has only been sparsely
assessed, with ambiguous results. While some studies could
not find an association between service provision and health
outcomes (10,11), others confirmed a relationship between
supply, demand, and oral health (12-14). Overall there does
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alized countries, but an increasingly unequal distribution of
both supply and demand (15,16).

Thus, there is the need to assess how dental workforce
quantities and qualities relate to the demand for services in
different spatial units. Such a spatially specific demand-
supply model could be used to not only assess current service
provision, but also to predict future demand-supply ratios in
different spatial units. For Germany, there have been
attempts to link sociodemography and oral morbidities with
reported demand patterns, and to extrapolate these to pre-
dict future demand on an average national level (2). Within
the present study, we aimed at advancing these efforts to
establish and validate a spatially specific demand model. This
model was then applied to compare demand with supply of
dental services in 2001 and 2011 in Northern Germany via
small-area based geographic analyses.
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Methods

Study design

This study compared demand and supply of dental services
in the Northern German federal state Mecklenburg—
Vorpommern, which is characterized by a dynamic and
increasingly polarized demographic constitution and an age-
ing dental workforce. We first calculated local supplies of den-
tal services using the dentist register of the state, accounting
for changing workforce characteristics (gender proportion)
and working patterns (weekly working hours) in 2001 and
2011. Then, we established a model to estimate the local
demand for dental services by linking population and oral
morbidity data with the required time for fulfilling the result-
ing demands using insurance claim data. The constructed
model was built on the assumption that the available supply
was sufficient, that is, that provided services matched
demand, and based on estimates from 1999 and 2000, as all
data was available for these years. This demand model was
then validated by comparing the predicted demand for dental
services with reported services provided in 2001 and 2011.
Eventually, demand and supply were compared, and the spa-
tial distribution of the ratio between demand and supply ana-
lyzed statistically and geographically.

Supply of dental services

To assess changes in the supply of dental services in different
spatial units, we used two datasets. The longitudinal dental
workforce register of the dental association of Mecklenburg—
Vorpommern was evaluated for data ranging from 2001 until
2011. As maintenance of anonymity of entries was required,
only data on zip code level was accessible, with zip code areas
(ZCAs) being used as spatial units for subsequent analyses.
Only dentists which were clinically active, either as practice
owner or employed dentists, were used to calculate the poten-
tial supply. Clinical working time was estimated based on
repeated cross-sectional data published by Dental Public
Services (17). This dataset provided mean weekly clinical
working time estimates for the 5 federal states which formerly
belonged to the German Democratic Republic (Eastern
Germany), including Mecklenburg—Vorpommern. We used
data only for these states, as working time differs between the
Western and Eastern German States (17). As working time
differences between genders have been reported (2), weekly
working time was calculated separately for male and female
dentists in 2001 and 2011. It should be noted that such differ-
ences have been found for different age groups of dentists,
too (18). However, no such data was available for Germany,
which was why age-dependent working times were not mod-
eled. Given that under the auspices of German healthcare, the
role of dental auxiliaries is limited (hygienists or other staff
are not allowed to work independently from the dentist, and
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dental therapists do not even exist), our model did not
account for services being provided by other professionals
than the dentist. To calculate the annual potential supply, 43
working weeks per year were assumed (2,17).

Demand for dental services

The demand in 2001 and 2011 was estimated based on four
datasets. First, oral morbidity [number of decayed, missing,
filled teeth, proportion of the population with Periodontal
Screening Index (PSI) code >3] in different age groups was
estimated for 1999-2001 and 2011 based on extrapolation of
repeated cross-sectional data from the German Oral Health
Studies (19,20). No separate estimation for different genders
was made, as gender differences were assumed to be limited
and gender distribution was not expected to change signifi-
cantly between 2001 and 2011. Second, we defined five dental
treatment complexes (conservative/surgical dentistry, pros-
thetics, periodontology, orthodontics, prophylaxis), and
assigned key items of the statutory dental fee catalogue
(BEMA) to each of these complexes. Then, the known pro-
vided treatments in 1999 and 2000 (2) were transformed into
provided treatment time by linking them to national dental
working time data for 1999 and 2000 (2,21). Third, provided
service quantities (in annual hours) per treatment complex
(fee item) were linked to socio-demographic and oral mor-
bidity data as follows: The number of decayed and filled teeth
were linked to restorative and surgical treatment quantities,
missing teeth to prosthetic treatment quantities, and cases
with PSI > 3 to periodontal treatment quantities, accounting
for the average number of remaining teeth in different ages
groups. The demand in these complexes was assumed to
decrease in people aged 70 years or older (22). Note that
other variables affecting the translation of need into demand
(e.g., educational degree, income, and general health) were
not introduced in the demand estimation given the lack of
spatially specific data for such modeling (23,24). Similarly, as
our study investigated services provided under the tenets of
the statutory insurance only, individual insurance status as
enabler or barrier for demand was not modeled (24). The
number of individuals aged 15 years or younger was linked to
orthodontic and prophylactic treatment quantities, as only
children and adolescents are eligible for such treatments
under the German statutory health insurance.
District-specific sociodemography and morbidity data
for 2001 and 2011 (25) was then transformed onto each
ZCA, and the local demand (in annual hours per ZCA) cal-
culated. The total estimated demand in the federal state was
validated against the reported demand in both years (21).
Note that for this validation, prosthetic treatment quantities
provided in 2011 needed to be calculated using diagnostic
related group data, as the latter superseded fee items (26).

© 2016 American Association of Public Health Dentistry
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Table 1 Sociodemography, Demand and Supply of Dental Services in Mecklenburg—Vorpommern in 2001 and 2011

Estimating spatially specific demand and supply of dental services

2001

2011

Changes 2011
versus 2001

Population
Mean age (years;
male/female)
Demand
(annual hours)

Conservative-operative
Prosthetics
Periodontology
Orthodontics
Prophylaxis
Total
Dentists
Total (male/female)
Age (years —
male/female)
Weekly working
hours (male/female)
Supply (annual hours)
Population per dentist
Ratio demand/supply

1,759,709
41.2 (39.3/43.1)

Predicted (proportion
of overall demand
in %)

877,610 (50%)
532,140 (30%)
104,864 (6%)
168,345 (10%)
65,367 (4%)
1,748,326 (100%)

Reported (deviation
from predicted
in %)

833,838 (—5%)
611,581 (+12%)
105,762 (+1%)

196,167 (+15%)
70,396 (+7%)

1,817,747 (+4%)

1,449 (590/859)
45.2 (45.2/45.2)

35.9 (38.8/33.8)
2,232,690

1,435 (1,099/2,116)
105% (65%/142%)

1,634,734
45.8 (44.2/47.4)

Predicted (proportion
of overall demand
in %)

731,981 (48%)
496,508 (33%)
97,787 (6%)
139,252 (9%)
54,071 (4%)
1,519,598 (100%)

Reported (deviation
from predicted
in %)

711,190 (—3%)
517,886 (+4%)
97,778 (£0%)
132,669 (—5%)
48,099 (—12%)
1,507,625 (+0%)

1,312 (525/787)
50.8 (50.6/51.0)

34.5 (37.4/32.5)
1,945,256

1,451 (1,093/2,176)
98% (59%/143%)

—7.0% (P<0.001)
+11.2% (P<0.001)

—16.6% (P<0.001)
—6.7% (P<0.001)
—6.8% (P<0.001)
—17.3% (P<0.001)
—17.3% (P<0.001)
—13.1% (P<0.001)

—9.5% (P<0.001)
+12.4% (P<0.001)

—3.9% (n/a)
—12.9% (P<0.001)

+1.1% (P> 0.05)
—6.7% (P>0.05)

The ratio of demand per supply indicates the potential over- or under-servicing. If not given otherwise, median and 25th/75th percentiles are
given. Differences between 2001 and 2011 were assessed for statistical significance (P < 0.05/Wilcoxon), with ZCAs or dentists being the units of

statistical analysis.

Note also that district level calculations accounted for dis-
trict mergers between 2001 and 2011.

Analyses

Sociodemographic variables (population density, mean
household income, proportion of inhabitants with higher
educational degree, proportion of inhabitants in work, mean
land prices) were obtained from the state offices for statistics.
Sociodemographic variables, supply and demand for dental
services were analyzed descriptively, and statistical compari-
son between 2001 and 2011 performed using Wilcoxon’s
ranked sum test. Statistical significance was assumed if
P <0.05. To estimate changes in the spatial distribution of
the ratio between demand and supply (<100 percent under-
serviced, >100 percent over-serviced), the Gini coefficient
was calculated. The Gini coefficient is commonly used to
assess income inequality and ranges from 0 (perfect equality)
to 100 (complete concentration of income). It is derived from
the Lorenz curve, which plots income percentiles per popula-
tion percentiles (27,28). We fitted the Lorenz curve by plot-
ting all supply per demand percentiles.

Demand-supply ratios were geographically mapped, and
assessed for clustering or dispersion of supply and demand.
Such patterns have been observed before (29) and are in line
with various theories of migration (see below). Global spatial
autocorrelation between surrounding ZCAs was assessed
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using Moran’s I (30). Positive autocorrelation (near +1.0)
indicates clustering in neighboring areas, negative autocorre-
lation (near —1.0) indicates spatial outliers (dispersion).
Local Indicators of Spatial Autocorrelation (LISA) analysis
was performed to measure and display clustering of ZCAs.
Autocorrelation means that a value at a certain location is
associated (and similar) to a value of spatial neighbors.
Global indicators (e.g., Moran’s I) are unable to display such
localized patterns.

We further assessed if sociodemographic variables had
predictive value for the ratio between demand and supply
using generalized linear modeling (GLM). Variable choice
was guided by data availability and economic theory on
migration, with the migrating individual being regarded as
an investor in his/her own value (31). In this theory, individ-
uals (dentists) migrate according to the value of the oppor-
tunities at different destinations (higher income in affluent
or densely populated areas, greater amenities in urban areas,
with better availability of schools or medical services, etc.)
after subtracting the costs of moving (investment in future
practice, loss of secure income at present destination, associ-
ated social costs), thus maximizing their financial, social
and political net benefits. Previous studies (32,33) had built
on a range of variables, with some of them being available
for the present evaluation, that is, population density and
land price as proxies for urbanization and the associated
amenities, annual household income and the proportions of
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Figure 1 Ratio of demand and supply in 2001 (a) and 2011 (b) in different spatial units (ZCAs). Under-serviced areas (supply less
than 50% or between 50 and 79% of the demand) are indicated by red and orange, respectively, while over-serviced areas are
indicated by turquoise and blue (supply 21% or more above demand). Areas where demand and service seem to match are shown
in green. The five biggest cities (>50,000 inhabitants) are shown by white circles. Areas with spatial clustering (high-high, i.e.,

blue-blue, and low-high, i.e., blue-red,) are highlighted by an accented border.

the population in work and with higher education degree
(as measures for potential dentist income). The employed
predictors were available on the district level only, and were
distributed to all ZCAs in each district.

GLM was performed using the abovementioned parame-
ters as independent variables, and the demand-supply ratio
in different spatial units as the dependent variable. Variables
were simultaneously entered, and those with a variable infla-
tion factor >5 removed to reduce multicollinearity. Variables
not significantly contributing to the model (P> 0.1) were
then excluded stepwise (backwards selection). Statistical and
spatial analyses were performed using SPSS 20 (IBM,
Armonk, NY, USA) and ArcGis 10.2 (Esri, Redlands, CA,
USA), respectively.

Results

Between 2001 and 2011, there was a significant decrease of
the statewide population (—7.0 percent, P < 0.001) and the
demand of dental services (—13.1 percent, P < 0.001). Nearly

Table 2 Results of Generalized Liner Modeling

50 percent of the demand was for conservative-surgical serv-
ices, while that demand for periodontal services and prophy-
laxis made up 6 percent or less (Table 1). The greatest relative
decrease in demand between 2001 and 2011 was found for
orthodontic and prophylactic services, the smallest relative
decrease for prosthetic and periodontal treatments. Given its
absolute share of provided services, the absolute decrease was
greatest for combined conservative-surgical services. Overall,
the relative share of different treatment complexes per total
demand was largely stable in the evaluated decade. Validation
of the model found only limited deviation of predicted from
reported demands (Table 1).

The number of active dentists decreased (—9.5 percent,
P <0.001) and the dental workforce aged between 2001 and
2011. Overall, the supply decreased significantly (—12.9 per-
cent, P<0.001) (Table 1). The average ratio of demand per
supply did not change significantly between 2001 and 2011
(—6.7 percent, P> 0.05), but was more unequally distributed
between ZCAs in 2011 (Gini-coefficient 44.4) than 2001
(41.9).

2001

2011

Mean (range)

Mean coefficient (95% Cl)

GLM GLM

Mean (range) Mean coefficient (95% Cl)

Model fit X?=12.49, P=0.029 X?=10.83, P=0.055
Population density (pop./km?) 119 (18-1535) 0.1 (0.0/0.3) 116 (16-1481) 0.0 (0.0/0.1)
Annual household income (Euro) 13328 (12795-14282) 0.0 (—0.1/0.0) 16373 (15167-17457) 0.0 (0.0/0.0)

Land price (Euro/m?) 48 (38-84) 0.4 (—0.1/1.4) 44 (31-100) 0.5 (=0.7/1.7)
Proportion in work (%) 42 (39-44) 5.6 (—2.6/14.2) 47 (39-54) —2.8 (—6.4/0.8)
Proportion with higher education (%) 12 (10-12) 4.6 (—3.5/12.7) 17 (14-25) 1.9(—-2.4/6.2)

Generalized linear modeling (GLM) was performed to assess a potential association between sociodemographic variables of each spatial unit and
the ratio between demand and supply. Descriptive values (mean, ranges) are shown for both years. GLM fitted moderately in 2001, with one
variable (in bold) showing a significant association. GLM did not find any variable to have significant predictive value in 2011.
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Geographic mapping indicated a large variance in the
demand-supply ratio with some areas being greatly over-
serviced, but many ZCAs being under-serviced. This polariza-
tion was increased in 2011 compared with 2001. Significant
spatial autocorrelation was observed neither in 2001 nor in
2011 (Moran’s I=0.18; Z=1.79, P> 0.05 in both years). LISA
identified two clusters, one with high-high and one with
high-low clustering (Figure 1).

Potential predictors of the demand-supply ratio were sub-
mitted to GLM (Table 2). For 2001, only one predictor (pop-
ulation density) showed statistical significance, with an
increased ratio (potential over-servicing) in densely versus
less densely populated areas. The overall fit of the model was
very limited (P=0.029). For 2011, no variable showed any
statistical significant effect (Table 2).

Discussion

The present study established and validated a model to assess
spatially specific demand of dental services. Demand and
supply was then estimated for 2001 and 2011 for a Northern
German state, indicating an increasingly unequal spatial dis-
tribution of the ratio of demand and supply. Our approach
seems suitable for assessing spatial patterns in the availability
of dental services and identifying spatial areas at risk of over-
or under-servicing. This approach could be applied in future
studies for predicting small-area demand and supply.

Based on our results, the shrinkage and ageing of the
assessed population combined with changes in oral morbid-
ities led to a decrease in the statewide demand in 2011 com-
pared with 2001. The composition of this demand saw
limited change, reflecting the limited relative changes in oral
morbidity (number of decayed or lost teeth, etc) in the eval-
uated decade. It is likely that in the future, the demand for
certain services will increase (e.g., a greater number of teeth
will be retained, potentially increasing the need for periodon-
tal treatment needs), while others will decrease (e.g., tooth
replacements). Concurrently, despite shrinking and ageing,
the statewide dental workforce seemed sufficient to secure the
required supply. More important, there was a severe spatial
misdistribution of the ratio between demand and supply.
Based on the central place theory, which has been found to
apply to medical service supply before (34), such results are
not unexpected, as are our findings of certain clustering in or
around urban areas. Identifying such spatial inequalities and
quantifying these will be helpful for service planners, for
example, to tailor interventions to tackle such imbalances.

To our knowledge, this is the first spatial model for esti-
mating both demand and supply for dental services. The
used method allows one to estimate demands based on
expected or known local demography and morbidity. There-
fore, compared with studies calculating dentist-per-
population densities, our approach allows more precise and
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detailed calculations not only of demand quantities, but also
qualities. If applied to predict future areas with over- and
under-servicing, the availability of sociodemographic varia-
bles on zip-code area level might be desirable to increase the
precision, as district level data might be too coarse. For
detailed service planning, dentist data on a smaller-than-zip-
code level might be helpful, allowing an analysis of access
(means of transportation), too. Similar studies in general
medicine have combined census and morbidity data and
simulated the local supply and demand on the individual or
household (i.e., micro-) level both statically and dynamically
(over time) (35,36).

The constructed model and the underlying data have sev-
eral limitations. First, our demand model was built on the
assumption that in 1999 and 2000, demand and supply quan-
tities were congruent; this assumption is unlikely to hold
true, but was required to set a reference standard. In this
sense, one should pay more attention to changes in the
demand-supply ratio over time or differences between spatial
units, than absolute values. It can, however, be expected that
demand-supply ratios below 50 percent or above 200 percent
indicate under- and over-servicing regardless of the underly-
ing reference.

Second, we used insurance claim data, which does not nec-
essarily reflect demand, as service provision can be assumed
to be determined by a great many factors. Moreover, treat-
ment patterns (claimed items) might change with time,
which is why the model should be regularly adjusted.
Demand itself is likely to be influenced not only be needs
(oral morbidities), but also by supply-side factors, which was
not accounted for. Moreover, spatially specific enabling and
predisposing factors (educational and income factors, insur-
ance status, general health) will affect demand (37). The
translation of needs into demand might differ between fed-
eral states or different countries (38), as healthcare system-
factors will play a role (as will the state- or country-specific
proportions of differently insured individuals). Thus, more
detailed and small-scaled data regarding oral morbidity and
its association with demand are needed.

Third, systematic effects on treatment provision are likely,
with macroeconomic and healthcare-specific changes poten-
tially distorting our estimates. One example of such changes
are the described introduction of diagnostic related groups in
prosthetic dentistry, which was shown to alter service patterns
(39). Similarly, a changed provision and consumption of spe-
cific treatments might impact on demand (e.g., composite
restorations needing renewal earlier or later than amalgams,
or repairs being performed more often on composites than
amalgams).

Fourth, our demand model was built on claim data of the
statutory insurance. This was acceptable for Mecklenburg—
Vorpommern given its low proportion of privately (nonstatu-
tory) insured patients (4 percent) (40). Attempts should be
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made to integrate demands for otherwise reimbursed or pri-
vately paid (out-of-pocket) services, as these were shown to
differ in different insurance systems (24). Individual differen-
ces are likely to be modified by age. Our assumption of age
only impacting on demand above a certain threshold is a sim-
plification, while insufficient data is available to model the
relationship between age and demand more realistically
(23,24).

Fifth, we did not incorporate possible effects of dentists’
age on working times, as no data for Germany was available
to support such age-dependent supply simulation. Given
that, as shown, the workforce is ageing significantly, an age-
dependent decrease in the working hours per dentists might
well have an impact on our overall estimates. Conversely,
future dental services in Germany might be provided by den-
tal auxiliaries to a greater share (as is the case in many other
countries). Combined with a greater productivity (e.g., via
CAD-CAM assisted prosthetics, rotary endodontics, one-step
adhesive systems, etc.), this might increase the supplied serv-
ices despite a shrinking and ageing workforce of dentists.
Last, our supply model accounted for migration of dentists
between zip-code areas in the decade, but did not assess any
in- or outflow of dentists to or from other federal states or
beyond national borders. While such migration of dentists
from or to Germany is limited (41), it might be relevant in
other countries and should be integrated into the model.

In conclusion, the present study demonstrated how oral
morbidity and demographic data can be used to estimate the
spatially specific demand for dental services. Using the out-
lined approach, the local demand can be assessed both quan-
titatively and qualitatively. Moreover, spatially mapping
demand and supply allows to identify areas with current or
future over- or under-servicing (42), and to describe or mon-
itor the distribution of demand-supply ratios between spatial
units.
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Abstract — Objectives: To plan dental services, a spatial estimation of future
demands and supply is required. We aimed at estimating demand and supply
in 2030 in Northern Germany based on the expected local socio-demography
and oral-health-related morbidity, and the predicted number of dentists and
their working time. Methods: All analyses were performed on zip-code level.
Register data were used to determine the number of retiring dentists and to
construct regression models for estimating the number of dentists moving into
each zip-code area until 2030. Demand was modelled using projected
demography and morbidities. Demand-supply ratios were evaluated and
spatial analyses applied. Sensitivity analyses were employed to assess
robustness of our findings. Results: Compared with 2011, the population
decreased (—7% to —11%) and aged (from mean 46 to 51 years) until 2030. Oral-
health-related morbidity changed, leading to more periodontal and fewer
prosthetic treatments needs, with the overall demand decreasing in all
scenarios (—25% to —33%). In contrast, the overall number of dentists did only
limitedly change, resulting in moderate decrease in the supplied service
quantities (max. —22%). Thus, the demand-supply ratio increased in all but the
worst case scenario, but was unequally distributed between spatial units, with
several areas being over- and some being under- or none-serviced in 2030.
Conclusions: Within the limitations of the underlying data and the required
assumptions, this study expects an increasingly polarized ratio of dental
services demand and supply in Northern Germany. Our estimation allows to
assess the impact of different influence factors on demand or supply and to
specifically identify potential challenges for workforce planning and regulation
in different spatial units.
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Access to a specific healthcare service is one
dimension of quality of care (1), which impacts on
the utilization of this service (2), and can be mea-
sured by assessing the theoretical demand for a
service and the truly supplied quantity and quality
of this service. Data on the association between
access to dental services and health outcomes are
sparse and contradictory, with some studies not
finding any relationship between both variables (3,
4), while others confirm such association (5-7). The
contradiction might be caused by different

methodologies

doi: 10.1111/cdoe.12202

used and different definitions of

access being in place: most studies looked at the
average ratio between the quantitative demand for
services and the available or supplied services (8),
while it is likely that access differs between spatial
units. There are only few studies using appropriate
methods for evaluating spatially specific access in
dentistry, possible reasons for this being that the
required methods (involving geographic informa-
tion systems) are not widely established in den-
tistry, and that no generally accepted definition of
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a sufficient access is available (9). Oftentimes, the
number of dentists per population is calculated to
assess access. However, this construct might be
flawed. Instead, demand might better be deducted
from needs resulting from oral-health-related
morbidity and their resulting transformation into
demands, with both needs and their transforma-
tion into demand being affected by the socio-
demography of the analysed population. Similarly,
supply will be not only affected by the number of
dentists providing services, but also their working
patterns, i.e. their weekly clinical working time.

For assessing the spatially specific ratio between
demand and supply, available socio-demographic
and morbidity data could be translated into quali-
tative and quantitative demand, while the number
of dentists could be transformed into a similarly
scaled supply variable. For Germany, a model for
estimating such area-specific demand-supply
ratios was established and employed to assess
changes in the demand-supply ratio in one federal
German state between 2001 and 2011 (10). This
study found no generalized under-supply with
dental services, but an increasingly unequal spatial
distribution, which is in conflict with the aim of
dental workforce planning for securing a ‘wide-
spread, adequate and accessible supply”’ for dental
services (8, 11). In conclusion, dental workforce
planning in Germany (and most likely elsewhere)
might be challenged twice: On the one hand, the
workforce is rapidly ageing and more female, with
generally reduced working hours and an increas-
ing spatial concentration of the workforce in urban,
not rural areas (11, 12). On the other hand, an
ageing, but also shrinking population with signifi-
cantly altered morbidity and demand patterns
makes workforce planning less predictable, espe-
cially when considering that both ageing and
shrinking are also spatially specific phenomena.

There is the need to estimate both the future
demand for and, if uncontrolled, the future supply
with dental services. A continuous or accelerated
increase in the spatially unfair relation of demand
and supply could perpetuate oral-health inequali-
ties (13-16). The present study aimed at establish-
ing a model to estimate supply and demand for
dental services in 2030 via small area-based geo-
graphic analyses. Analyses were performed for a
Northern German federal state, Mecklenburg-
Vorpommern, which has been evaluated using
similar methods before and has a highly dynamic
socio-demography as well as a great urban-rural
polarization.
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Methods

Study design

This study sought to estimate the supply with and
demand for dental services in 2030 in different spa-
tial units in Mecklenburg-Vorpommern. Supply in
each spatial unit was estimated by assessing
expected losses of dental workforce, and by
estimating the future inflow of dentists into each
spatial unit via regressing past inflow on various
predictor variables. Demand was calculated by
linking the projected local population and its
morbidities with theoretical treatment needs and
associated treatment times, and transforming these
needs into spatially specific demands. As various
assumptions were required, three scenarios were
used to check the robustness of our findings.

Setting

The federal state of Mecklenburg-Vorpommern is
one of the least densely populated areas of
Germany, with 1.6 million inhabitants (2014) living
on 23 211.05 km? (69/km?). The state has six dis-
tricts and two district-like larger cities (Schwerin,
the capital with 91 000 inhabitants, and Rostock,
situated at the Baltic sea, with 203 000 inhabitants).
The six districts are relatively large administrative
units (between 2118 and 5470 km?, between
155 000 and 262 000 inhabitants), with mostly rural
areas and only few mid-sized cities (the third big-
gest city of the state has 63 000 inhabitants). The
next smaller administrative units are municipali-
ties (755 in Mecklenburg-Vorpommern). This study
used zip-code areas (ZCAs) as spatial units, as den-
tist data were only available on this level. There are
176 ZCAs in Mecklenburg-Vorpommern, which
overlap between municipalities, while districts
contained up to 34 ZCAs.

In Mecklenburg-Vorpommern, the vast majority
(>95%) of the population is insured via the statu-
tory (public) insurance, while less than 5% are
members of a private insurance company. Thus,
most dental treatments are provided under the
tenets of the statutory insurance, with dentists hav-
ing a licence for providing ‘public’ treatments.
Remuneration is performed on a fee-per-item base,
with most but not all treatments being fully reim-
bursed by the statutory insurance (prosthetic den-
tistry is only partially subsidized, while elective
treatments are not at all covered). Dentists with a
public licence have the option to provide any addi-
tional services and to treat privately insured
patients.



Supply estimation

For estimating the regional supply with dental ser-
vices, a previously validated model (10) was
employed. Briefly, data of the longitudinal dental
workforce register of the Dental Association of
Mecklenburg-Vorpommern from 2001 until 2011
were extracted. The number of dentists per ZCA
ranged between 0 and 185, with a mean of 7 den-
tists per ZCA in 2011. The loss and gain of clini-
cally active dentists in different ZCAs was
calculated as follows. Future losses were predicted
based on dentists’ year of birth, assuming two
retirement ages (65 and 67 years based on the cur-
rent retirement age in the German social pension
scheme), with separate analyses for male and
female dentists (Fig. 1a). Note that dentists are not
bound to these retirement ages, as they do not con-
tribute to the social, but a professional private pen-
sion scheme. To predict future gains, we first
performed ordinary least-square regression, using
spatially specific socio-demographic variables and

Dental service supply in demand in Germany in 2030

dentist losses between 2001 and 2011 as indepen-
dent variables, and the spatial gain of dentists in
that decade as dependent variable (Table 1). Socio-
demographic predictors were available on district
level only and thus distributed between ZCAs
prior to the analysis. Variables were first entered
simultaneously, and variables with a variable infla-
tion factor above five successively removed to
reduce multi-collinearity. Only variables which
significantly contributed to the model (P <0.1)
were included into a second model. Geographi-
cally weighted regression (GWR) was then applied
using these remaining variables. GWR yielded
regression coefficients and an intercept for each
spatial unit, which were then used to estimate
potential future dentist gains from 2011 to 2030
(Table 1).

Such prognosis focuses on the distribution of
inflowing dentists between ZCAs. It does not con-
sider changes in the total number of inflowing den-
tists per year. We checked this inflow via

a Dentists stock Dentists loss Dentists loss
2011 (retirement age 85) | (retirement age 67)
Male 525 379 351
Female 787 606 559
Total 1312 985 910
. ® New dentists (left y-axis)  © Retention rate (right y-axis)
2500 2430 |§%
2130
§ 1830 =
§ 1250 3% £
= 2.48% 5
0 I I T \ 0%
2002 2006 2010 2030
Year
c
38
§ Total (maleffemale)
£ 3 w7 34.50 (37.42/32.55)
) N 33.25 (36.06/31.37)
3 32.00 (34.71/30.20)
=
0 T T T T
2002 2006 2010 2030
Year

Fig. 1. Estimation of supply with dental services in 2030. (a) Assuming different retirement ages (65 or 67), the baseline
stock of dentists (2011) was assumed to decrease. All calculations were performed separately for male and female den-
tists. (b) The number of newly licensed dentists in Germany (left y-axis, black circles) was estimated based on data from
2001 to 2011. Three scenarios were applied (worst case, constant number, best case: continuous linear increase, moderate
case: in-between). The retention rate of newly licensed dentist in the federal state of Mecklenburg-Vorpommern (right
y-axis, rings) was assumed to remain constant at 2.48%. (c) Based on reported weekly working hours, effective working
hours for male and female dentists were modelled in three scenarios (worst case: continuously linear decline; best case:
constant; moderate: in-between). Data from (a) and (b) were used to estimate the net gain of dentists, and working times
(c) used to assign the annual supply (Table 1). All calculations were performed on zip-code level, state-wide level data

were only used for summarily display.
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Table 1. Prediction of local gain of dentists

OLS model 1

OLS model 2 GWR Model

2011 R*=0099;P<0.001 R*=099,P<0.001 R>=099

Mean coefficient

Mean coefficient Mean coefficient

Mean (range) (95% CI) (95% CI) (95% CI)
Population density 116 (16-1481) 0.00 (0.00/0.00); 0.00 (0.00/0.00); —0.06 (—12.0/0.00);
(population/km?) P =0.037 P =0.013 P <0.001
Annual household 16 373 (15 167-17 457) 0.00 (-0.01/0.01); - -
income (Euro) P = 0.406
Land price 44 (31-100) 0.00 (—0.01/0.00); - -
(Euro/m?) P =0.745
Proportion 47 (39-54) 0.00 (—0.01/0.01); - -
in work (%) P =0919
Proportion with 17 (14-25) 0.00 (0.00/0.00); - -
higher education (%) P =0.102
Population per dentist 1451 (1093/2176) 0.00 (0.00/0.00); - -
(median, 25th/75th P = 0.968
percentiles)
Dentists loss per year 0.4 (0.0-11.5) 0.90 (0.88/0.92); 0.90 (0.88/0.92); 0.81 (0.78/0.83);
2001-2011 (median, P < 0.001 P < 0.001 P < 0.001

25th/75th percentiles)

Modelling was first performed using ordinary least-square regression (OLS). Only variables which significantly con-
tributed to this model (OLS model 1) were used to construct OLS model 2 and, subsequently, a geographically weighted
regression (GWR) model. Model fit (adjusted R? and level of statistical significance) was near perfect for all models. For
GWR, the number of lost dentists per year had the greatest predictive value, with a mean of 0.81 dentists gained per one
lost dentist. Data obtained via GWR were used to estimate the annual gain per year in each ZCA until 2030 (Fig. 1).

estimating the number of newly licensed dentists
in Germany between 2001 and 2011, and calculat-
ing how many of these moved or stayed in Meck-
lenburg-Vorpommern (retention rate). To do so,
data provided by the state dental association were
used (17). While the retention rate had not signifi-
cantly changed between 2001 and 2011, the number
of newly licensed dentists per year increased
(Fig. 1b). Thus, three models were employed — one
assuming a constant number of annual licenses
until 2030, one assuming a linearly increasing
number, and one with a half-linearly increase in
the number of newly licensed dentists until 2030.
Annual gains in each spatial unit, as predicted via
GWR, were adjusted accordingly. For all analyses,
the proportion of female to male new dentists was
assumed to be 3:2, as this number remained con-
stant over the last decade (17).

Clinical working time of dentists in 2030 was
estimated based on repeated cross-sectional
working time reports (18). Three scenarios of work-
ing times were applied: working time remaining
constantly, increasing constantly, or increasing
only moderately until 2030 (Fig. 1c). Different
weekly working times were assumed for male and
female dentists (8). To calculate the annual poten-
tial supply, 43 working weeks per year were
assumed (8).
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Demand estimation

Demand for dental services in 2030 was estimated
using an established model. First, the population in
each ZCA was predicted using two data from two
prognoses (19, 20), which were used in different
scenarios (Fig. 2a). Prognosis data were available
on district level only, relative changes between
2011 and 2030 in each district were used to esti-
mate population changes in different ZCAs. Sec-
ond, oral morbidity (number of decayed, missing,
filled teeth, proportion of the population with peri-
odontal screening and recording index [PSR] > 3)
in different age groups was predicted based on
extrapolation of repeated cross-sectional data (21,
22). Third, five dental treatment complexes were
defined (operative/surgical dentistry, prosthetics,
periodontology, orthodontics, prophylaxis), and
used to link past morbidity to provided treatment
times via insurance claims data (18). Thus, factors
for transforming morbidity into demand-time were
estimated. The following assumptions were made:
decayed and filled teeth were assumed to generate
restorative and surgical needs, missing teeth to
generate prosthetic needs, cases with PSR >3 to
generate periodontal treatment needs according
to their number of remaining teeth, and individu-
als aged 15 years or younger to generate orthodon-
tic and prophylactic treatment needs. In the
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Fig. 2. Demography and oral-health-related morbidity in 2011 and 2030. (a) The state-wide population will significantly
age between 2011 and 2030; two different prediction models were employed for subsequent calculations (2030a, 2030b).
Predicted morbidities were then linked to required treatment times. Reported number of decayed teeth (DT, b), missing
teeth (MT, ¢), filled teeth (FT, d) and periodontally affected teeth (e) in each age group.

established model, demand was assumed to be
lower in populations aged 70 years or older (23).
The impact of this assumption was checked by
increasing the cut-off to 75 years, as future elderly
might be healthier, have more teeth, and would
consume dental services until higher ages.

Scenarios

Three scenarios were constructed, combining dif-
ferent assumptions. Each scenario was defined by
the predicted population in 2030, the age cut-off at
which demand was assumed to decrease, the dif-
ferent annual gains of dentists depending on the
numbers of newly licensed dentists, and gender-
specific working hours.

By combining the less positive population sce-
nario, the earliest age at which demand was
assumed to decrease, the highest annual numbers
of newly licensed dentists and the longest weekly
working hours, a best case scenario (highest supply
and lowest demand) was constructed. Vice versa, a
worst case and a moderate scenario were con-
structed, each combining different assumptions
with each other.

Analyses

The distribution of socio-demographic variables
and the supply and demand for dental services
was analysed statistically and spatially. To esti-
mate the spatial distribution of the ratio between
demand and supply (<100% under-serviced,
>100% over-serviced), the Gini coefficient was cal-
culated. The Gini coefficient is commonly used to
assess income inequality. Values of 0 indicate per-
fectly equal distribution of the demand-supply
ratio, values of 100 indicate perfect inequality (24,
25). Spatial analysis included mapping of demand-
supply ratios and analysis of clustering. Spatial
autocorrelation between surrounding ZCAs was
assessed via global Moran'’s I (26). Local clustering
was evaluated via Local Indicators of Spatial Auto-
correlation analysis. Association between socio-
demographic variables and the population per
dentist density in 2030 was evaluated via bivariate
analyses using Spearman’s correlation coefficient
and linear regression analysis, and via ordinary
least-square regression and GWR as described. Sta-
tistical and spatial analyses were performed using

173



Jager et al.

SPSS 20 (IBM, Armonk, NY, USA) and ArcGis 10.2
(Esri, Redlands, CA, USA).

Results

Compared with 2011, the state-wide population
decreased (—7% to —11%) and aged significantly
(from mean 46 to 51 years) until 2030, with a
slightly higher number of (slightly younger) inhab-
itants in the worst case compared with alternative
scenarios. Based on these population prognoses,
demand for different dental services was calcu-
lated (Table 2). Total demand decreased signifi-
cantly in all scenarios (—25% to —33%), with
greatest decrease for prosthetic services, while the
demand for periodontal services increased. The
overall number of dentists did only limitedly
decrease in the moderate and worst case scenario
(=22%), and even increased in the best case sce-
nario. The same was found for the overall annual
working time (Table 2). Subsequently, the density
of population per dentist did not dramatically
change in the moderate scenario, and decreased
and increased in the best and worst case scenario
respectively.

The median ratio of demand to supply was
nearly perfect in 2011 (98%). Due to the decreased
demand per capita (i.e. decreased morbidity), this

ratio increased in 2030 in the moderate and, more
so, in the best case scenario. Only in the worst case
scenario did this ratio decrease. However, the dis-
tribution of this ratio in different spatial units was
increasingly unequal in 2030 compared to 2011
regardless of the scenario as indicated by per-
centiles and Gini coefficients (Table 2). Spatial
analysis confirmed this unequal distribution
(Fig. 3), with large areas being over-serviced (ratio
>100%), but some areas being under- or not at all
serviced in 2030. Global spatial autocorrelation was
limited in all scenarios (Moran’s I was 0.15
[Z =1.43, P = 0.15] in the moderate, 0.15 [Z = 1.38,
P =0.17] in the best, and 0.17 [Z = 1.63, P = 0.10]
in the worst case scenario respectively). In only
few areas, a clustering of ZCAs with high ratios
with each other (high-high) or with ZCAs with low
ratios (high-low) was found (Fig. 3).

Using correlation and regression analyses, we
evaluated if socio-demographic characteristics
predicted the population-to-dentist ratio in 2030
in different ZCAs (Table 3). While bivariate anal-
yses indicated that with increasing population
density, the population-to-dentists ratio increased
as well, this was not confirmed by multivariate
analysis. Using GWR, we found a positive corre-
lation in some, but not all areas (Fig. 4). Overall,
the constructed model had moderate fit
(R?* = 0.42).

Table 2. Demand for and supply with dental services in 2011 and 2030 in each ZCA

2030
2011 (10) Moderate Best Worst
Population 1634734 1 451 887 1 451 887 1 525 038
Mean age 45.8 51.2 51.2 50.9
Reduced demand at >70 years >70 years >70 years >75 years

Demand (% of total)
Conservative operative
Prosthetics
Periodontology
Orthodontics
Prophylaxis
Total

Dentists (male/female)

Weekly working hours

Total annual hours

Population per dentist
(median, 25th/75th percentiles)

Ratio demand/supply in %
(median, 25th /75th percentiles)

Gini coefficient

731 981 (48%)
496 508 (33%)
97 787 (6%)

139 252 (9%)

54 071 (4%)

1 519 598 (100%)
1312 (525/787)
34.50

1 945 256

1451 (1093/2176)

98% (59% /143 %)

44 .40

482 087 (48%)
258 137 (26%)
127 418 (13%)
102 980 (10%)

39 986 (4%)

1 010 608 (100%)
1222 (504/718)
33.25

1 750 410

1425 (1047 /2388)

120% (60% /187 %)

49.06

482 087 (48%)
258 137 (26%)
127 418 (13%)
102 980 (10%)

39 986 (4%)

1 010 608 (100%)
1346 (553/792)
34.50

1999 378

1302 (962/2174)

137% (68%/211%)

49.13

538 296 (47 %)
297 666 (26%)
147 650 (13%)
110 165 (10%)
42 776 (4%)

1 136 553 (100%)
1099 (455/644)
32.00

1514 715

1688 (1213/2841)

90% (48% /140%)

48.39

Number of ZCAs was 176. For 2030, three different scenarios were modelled, each based on a combination of assumed
input estimate. The ratio of demand per supply indicates potential over- or under-servicing. The Gini coefficient indi-

cates the equality of the distribution of this ratio between spatial units (ZCA).
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b 2030 Moderate

€ 2030 Best R d

Ratio [l 0% W 1-74% 75-124% B 125-200% M >200%
%7 Highihigh or highflow clusters © Cities >50 000 inhabitants

Fig. 3. Ratio of demand and supply in 2011 (a) and 2030 (b—d) in different spatial units (zip-code areas). Under-serviced
areas (supply of 0% or between >0% and 74% of the demand) are indicated by red and pink, respectively, while over-ser-
viced areas are indicated by light and dark blue (supply 125-200%, or above 200% of the demand). Areas with matching
demand and supply (ratios of 75-124%) are shown in green. The five biggest cities (=50 000 inhabitants) are indicated by
black rings. Areas with spatial clustering (high-high, i.e. blue-blue, and low-high, i.e. blue-red,) are highlighted by an
accented border. Different scenarios were analysed based on a combination of different assumptions (b—d).

Table 3. Bi- and multivariate correlation analyses between socio-demographic variables and the population-to-dentist
ratio

Bivariate Multivariate
Values
Spearman GWR OLS GWR
R? =0.07 R? =042
Mean coefficient Mean coefficient
Mean (range) R? R? (95% CI) (95% CI)
Density 2030 (pop./km?) 119 (18-1535) 0.42 0.42 - 0.0 (-0.1/0.1)
Annual income 2011 (Euro) 13 328 (12 795-14 282)  —0.08 0.03 - -
Land price 2011 (Euro/m?) 48 (38-84) 0.06 0.02 - -
Working population 2011 (%) 42 (39-44) —-0.25 0.04 -10.3 (-18.0/-2.5) -
Higher education 2011 (%) 12 (10-12) 0.02 0.01 8.4(0.9/16.0) -

Only one socio-demographic variable was available for 2030 (population density); other predictors were only available
for 2011. Spearman’s coefficient and geographically weighted regression (GWR) were first used to evaluate a possible
bivariate association between each socio-demographic variable and the population per dentist in each ZCA (number of
ZCAs was 176). Bivariate analyses found only limited correlation (R?) for all variables except population density. For
multivariate analysis, ordinary least-square regression was used firstly, with only two variables being retained (P < 0.1),
and very low overall fit of the model (R? = 0.07). For GWR, the association between population density varied in differ-
ent spatial units, with certain areas showing a negative, and others showing a positive correlation (see Fig. 4 for more
details).

Discussion plex given a population with spatially unequally
Estimating future demand for and supply with ageing, shrinking, morbidities and service utiliza-
dental services is relevant and increasingly com- tion patterns. This study applied a validated model
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R <01 <010 |

Cities >50 000
-0.05-0.05 ° inhabitants

Fig. 4. Prediction of population-to-dentist ratios according to the population density. Geographically weighted regres-
sion was used to estimate spatially specific coefficients. In few ZCAs, a negative correlation was found (red or pink),
while in others, the association was positive (blue). In most areas, correlation coefficients were low (between —0.05 and

0.05, green colour).

to estimate the spatial specific demand based on
age-adjusted morbidity data. The future supply in
different spatial units was estimated using dentist
cohort data, accounting for potential changes in the
composition and working patterns of the future
workforce. We then compared demand and sup-
ply, with spatial analyses being able to identify
areas at risk of future under- and over-servicing.

In all assessed scenarios, a large regional variety
between demand and supply was found, with
many areas being potentially over-serviced, but
few (mostly rural) areas being without any local
dental service at all in 2030. While a possible com-
pensation of under- with over-servicing and vice
versa from neighbouring spatial areas has been
reported (27), our analyses, for example using Mor-
an’s I, did not confirm such compensation. Our
results further highlight the limited value of aver-
age (national or state-wide) estimates, which do
not reflect the local demand and supply. If assessed
on average, none of the scenarios found under-ser-
vicing in 2030, which has been defined as a ratio of
dentists per population of 1:5000-1:4000 depending
on need (9), but rather significant over-servicing.

In our model, the number of future dentists
moving into an area was estimated based on the
number of dentists who stopped being active in
this area. This assumption, admittedly, introduces
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great uncertainty, as the decision of where to settle
will — in reality — incorporate far more factors,
which are likely not to be static over the next
15 years. However, given the perfect fit of the
model for the decade between 2001 and 2011, we
found the used model suitable for attempting a
prediction; moreover, we used sensitivity analyses
to assess the robustness of our findings. Neverthe-
less, caution is required when interpreting our
results, as especially for small ZCAs (e.g. those
with only one or two dentists present in 2011), the
uncertainty resulting from our assumptions might
have great impact on the estimated supply in 2030.

The inflow of dentists further depended on
the national number of newly educated dentists
in Germany, and their retention in Mecklen-
burg-Vorpommern. Both numbers are not
known, and no regulation is in place for con-
trolling the number of future licenses. Again,
sensitivity analyses were used to assess the
impact of the resulting uncertainty. The average
ratio of demand and supply in 2030 matched
only in our worst case scenario. In both other
scenarios, average over-servicing was predicted.
Similarly, in all scenarios, the distribution of
supply and demand was highly polarized.
Despite their uncertainty, these findings high-
light the relevance of dental workforce planning,



especially as both German dental education and
services are financed by the public (2).

A variety of options have been suggested for
controlling the distribution of medical workforce,
and while most of them have not been evaluated in
dentistry yet, they should be briefly discussed here.
One measure which is both politically available
and effective (and has been used in German den-
tistry in the past) is demand-based licensing. It is
easy to implement and enforce, not costly, and
especially useful for tackling over-supply (28).
Such quota could be established by the federal
state’s dental association, which has been granted
autonomy for securing an adequate service supply.
In contrast, changing the remuneration system
from fee-per-item to capitation might be effective
to increase spatial dispersion of dentists (28), but
could only be implemented nationally, involving a
complete overhaul of German dental care, and is
thus highly unlikely. Given that Mecklenburg-Vor-
pommern has two universities which educate
future dentists, dental training might be used to
guide dentists towards rural, possibly under-ser-
viced areas, for example, via practice-based educa-
tion in such rural areas, or recruitment of students
with interest and affinity for working in less urban
regions. Dentists might be willing to move to
under-serviced areas if budget constraints (which
are in place in Germany) were relaxed or adjusted
demand-specifically (at present, these are uniform
across the federal state). Financial bonus could be
paid for moving or staying in rural ZCAs (as is cur-
rently done for general practitioners in many areas
in Germany). While the latter measures are all the-
oretically available, there is evidence that they
might lack effectiveness while generating signifi-
cant costs (28). It remains unclear if future younger
dentists might generally be more mobile and will-
ing to move to rural areas, as data for physicians
indicate (29), or trending more towards urban
areas (30).

The used model for estimating spatial specific
demand first calculated age- and morbidity-
adjusted needs and then transformed these into
demand, taking into account age-specific consump-
tion of services. This model has been validated
before and found suitable to estimate both the
average demand and the service composition (i.e.
the proportion of different services per total
demand). Based on our model, a general decline in
dental treatment needs might be expected given
the shrinking population. Moreover, a shift from
prosthetic to periodontal needs is likely, account-

Dental service supply in demand in Germany in 2030

ing for the higher number of retained teeth even in
older age groups. In relative terms, prosthetic treat-
ment needs will account not for one third, but only
one quarter of overall needs, while periodontal
treatment needs will expand in relative and abso-
lute terms (being the only dental field with abso-
lute growth). The proportion of conservative,
orthodontic and prophylactic treatments is not
expected to greatly change between 2011 and 2030.
It should be noted that such predictions are based
on two main factors; demographics and expected
morbidity, both of which cannot be fully predicted,
but have been shown to change along certain tra-
jectories in the past (19-21). Nevertheless, it
remains unclear if there will truly be a shift in
demands, as both patient- and supply-side factors
might hamper the full translation of needs into
demands (18). If the expected relative changes in
the composition of dental services demand were to
hold true in the next years, our estimates might be
used to guide future dental education and could
inspire different service patterns: in many coun-
tries, periodontal treatments are performed not
only by dentists, but dental healthcare profession-
als like hygienists or therapists. This is not the case
in Germany at present, as periodontal treatments
can only be performed by dentists by law. If these
regulations changed, over-servicing with dentists
would be even greater than predicted. For other
countries, the used model should be adapted to
account for such mix of service providers. Simi-
larly, the used model only simulates demand and
supply within the public health service. This was
done, as data on privately provided services are
not publically available in Germany, and was justi-
fiable for the evaluated federal state given the low
number of privately insured patients, and the low
proportion of nonpublic treatments (31). For other
states or countries, this will not apply, and require
adaptation.

This study and the underlying model have sev-
eral limitations. First, the entered socio-demo-
graphic variables stemmed from district, not zip-
code spatial levels, and were too coarse to predict
the ratio of demand and supply sufficiently.
Therefore, our model was not based on socio.-
demographic variables (except population den-
sity). Future studies might strive for incorporating
data with more spatial detail to increase the preci-
sion and robustness of their findings. Second, the
used demand model builds on morbidity data,
which was linked to claim data and subsequently
transformed into working hours. Claim data might
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not fully reflect on underlying needs, as provided
treatments are possibly affected by other factors
(costs, preferences, applicability, acceptability). In
addition, provided treatments might change with
time based on an evolving evidence-base or chang-
ing macro-economic or political conditions. One
such factor impacting on demand might have been
the quarterly entrance fee for the consumption of
therapeutic (not preventive) dental services in
Germany between 2004 and 2012. The impact of
economic changes might be limited given that in
the specific setting, most patients received dental
treatments at no or greatly reduced costs. Third,
the morbidity in Mecklenburg-Vorpommern might
differ from the German average, as reported
before (32). However, the estimates of the available
state-specific studies are not comprehensive,
usually restricted to few age groups, not wholly
representative and also not available for smaller
spatial units (districts, zip-code areas). Similarly,
the assumed transformation of needs into demand
will not be uniform: For example, a greater trans-
formation of demand in urban than rural areas
could partially compensate for the observed urban
over- and rural under-servicing. Claim data on
zip-code or district level would be required to test
this hypothesis. Last, the provided dentist data
were available on zip-code level only, which does
not allow estimating distances or assessing means
of transport.

In conclusion, the applied model can be used to
estimate the future demand and supply for dental
services, incorporating the socio-demography of
both general population and the local dentists as
well as oral-health-related morbidity. Our esti-
mates show a significant polarization of dental
services supply and demand in 2030 in Northern
Germany. The yielded estimates allow to assess the
impact of different influence factors on demand or
supply and to specifically identify future chal-
lenges in different spatial units. Based on our find-
ings, stakeholders in dental workforce planning
can be liaised and advised. Interpretation of any
data stemming from our model should be per-
formed with great caution given the uncertainty of
the required assumptions and the used data.
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Background: A spatially unequal distribution of dentists or dental care professionals (D/DCPs), such as therapists or
hygienists, could reduce the quality of health services and increase health inequities. This review describes the interven-
tions available to enhance this spatial distribution and systematically assesses their effectiveness. Methods: Electronic
databases (Cochrane CENTRAL, Medline, Embase, CINAHL) were searched and cross-referencing was performed using
a standardised searching algorithm. Randomised and non-randomised controlled trials, controlled before-and-after stud-
ies and interrupted time series were included. Studies investigating a minimum of one of four interventions (educational,
financial, regulatory and supportive) were included. The primary outcome was the spatial distribution of D/DCPs. Sec-
ondary outcomes were access, quality of services and equity or adverse effects. This review was registered
(CRD42015026265). Results: Of 4,885 articles identified, the full text of 201 was assessed and three (all investigating
national policy interventions originally not aiming to change the distribution of D/DCPs) were included. In one Japanese
study spanning 1980 to 2000, the unequal spatial distribution of dentists decreased alongside a general increase in the
number of dentists. It remained unclear if these findings were associated. In a second Japanese study, an increase in the
number of dentists was found in combination with a postgraduate training programme implemented in 2006, and this
occurred alongside an increasingly unequal distribution of dentists, again without proof of cause and consequence. A
third study from Taiwan found the introduction of a national universal-coverage health insurance to equalise the distri-
bution of dentists, with statistical association between this equalisation and the introduction of the insurance. Conclu-
sions: The effectiveness of interventions to enhance the spatial distribution of D/DCPs remains unclear.

Key words: Access to oral care, dental services, dental public health, oral health-care systems, workforce planning

BACKGROUND

Access to care is a result of demand for and supply of
services. Demand is determined by a large number of
factors, including demographics, morbidity-associated
or non-associated needs (e.g. preventive services are
not associated with existing morbidities) and the
translation of needs into demands, the latter being
affected by individual and societal (economic, health
care and cultural) factors' . Supply, on the other
hand, is guided by the existing number of available
service providers, as well as by the ‘replenishing’ of
the health-care labour market with newly licensed
providers, their working capacity, clinical spectrum
and degree of specialisation* .

Demand and supply are not global parameters; in
contrast, they are spatially specific, as is the resulting
access. On the one hand, demography and oral
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health-related morbidity of a population, their per-
ceived needs and the resulting demands are spatially
specific. On the other hand, current evidence indicates
that dentists and dental care professionals (D/DCPs),
such as therapists or hygienists, do not decide their
practice location based only on demand considera-
tions (as economic theory might imply) but also on
several other factors, such as affection for a specific
area, availability of staff and local amenities, and
financial considerations of future practice’ '!. As a
result, the spatially specific supply and also the result-
ing demand-supply ratio is polarised in many coun-
tries, with certain (often, but not necessarily, rural)
areas being under-serviced and other (often, but not
necessarily, urban) areas being over-serviced” '°.
Spatial access is regarded as one criterion of quality
of care'?, as lack of access restricts the utilisation of
care'® and aggravates an already unequal distribution
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of health'* '8, Therefore, governments and regulatory
bodies desire policy interventions that allow enhance-
ment of the spatial distribution of care providers (as
enhancing spatial demographics, needs and demand is
largely beyond control in most countries). This would
allow improvement not only of access but also of the
efficiency of educational pathways in medical care (it
might be sufficient to train only the number of care
professionals specifically needed rather than training
more professionals than needed to compensate for
their probable inefficient distribution) and of the pro-
vision of care regarding supply-side-associated over-
treatment or under-treatment.

Such policies can be coercive (i.e. involve some type
of obligatory element, such as conditioned loans or
quota regulations), normative (i.e. attempt to match
the inclinations and backgrounds of providers with
the areas in need, such as rural recruitment of provi-
ders) or utilitarian (i.e. support providers willing to be
‘spatially controlled” within the market; for example,
through providing them with practice rooms, equip-
ment and staff, or installing economic incentives)'” 2.
Regardless of which strategy is chosen, all policies
aim to control either recruitment (increase or decrease
depending on need) or retention (mostly increase
rather than decrease) of providers.

A variety of practical policies has been discussed to
control spatial distribution of a range of medical disci-
plines and professionals. These can be summarised
into four categories®’:

e Educational interventions (e.g. selection criteria are
tailored to attract students with affinity to under-
served areas, and admissions to medical/dental
school are selective; teaching curricula include
exposure to underserved regions via clerkships and
raise interest for working in such areas)

e Financial interventions (e.g. conditional students’
loans and/or reduced tuition fees, scholarships
linked to future practice location; incentives for
practicing in rural areas, including rural allowances,
higher fee items or reduced budgetary constraints
and/or increased salaries)

e Regulatory strategies (e.g. licensing in over-served
areas via quota programmes, compulsory commu-
nity service , relaxing work regulations for foreign
professionals willing to work in underserved areas)

e Personal and professional support strategies (e.g.
providing professional support, including staffing,
provision of adequate infrastructure for effective
workplace organisation, establishment of career
pathways, housing programmes, attending family’s
social and community needs).

When assessing not only dentistry, but the whole med-
ical system, all of these policies have been implemented,
or at least theoretically evaluated, in one or more con-
texts. However, for most, their effectiveness (i.e. the true
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effect on medical care professional distribution) has not
been demonstrated; in fact, a recent Cochrane review on
this matter included only one trial*>. The Cochrane
review included dentists, but not DCPs, such as hygien-
ists or therapists, who work independently and fulfil
demands but are possibly receptive to different interven-
tions compared with dentists. In general, enhancing the
distribution of D/DCPs might need interventions differ-
ent from those used for other medical care professionals,
as D/DCPs are subject to a competition that is not neces-
sarily defined by the type of treatments provided but by
the real or perceived quality of care and the associated
costs?> ¢, Additionally, the impact of supply-side
demand needs to be considered, especially in dentistry?”,
and the type of access needed (i.e. the distance accept-
able for consumers to travel to fulfil demand) might dif-
fer in dentistry compared with other disciplines, as visits
are scheduled at different frequencies and treatment
courses often involve a sequence of visits.

Given the described importance of access for pro-
cess and outcome quality, dental policy makers are
increasingly interested in effective interventions to
enhance spatial distribution of D/DCPs. The aim of
this review was to retrieve and appraise studies on
enhancement of the distribution of D/DCPs using sys-
tematic methods.

METHODS

This review was registered after an initial scoping
exercise (Prospero CRD42015026265). We followed
the Cochrane Effective Practice and Organisation of
Care (EPOC) Group’s recommendation for conducting
reviews>®. Our primary review question was: what is
the effectiveness of different policy interventions to
enhance the spatial distribution of D/DCPs?

Inclusion criteria

Studies

We included randomised and non-randomised con-
trolled trials as well as controlled before-and-after
studies and interrupted time series (ITS) which evalu-
ated the effects of policy interventions to control
the spatial distribution of D/DCPs. For ITS, no
specification of a required number of pre- and post-
intervention measure points was made. For controlled
before-and-after studies, at least two intervention sites
and two control sites needed to be included to reduce
the confounding effect of the study site*?.

Participants

The participants were D/DCPs who can work inde-
pendently, such as general or specialised dentists,
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dental therapists and dental hygienists. Studies investi-
gating dental technicians and non-professional dental
health-care workers, as well as only dental nurses
(who we assumed to work only in association with a
dentist), were excluded.

Interventions

Studies investigating any intervention falling into one
of the four identified policy categories, which had
been compared with another or no intervention, were
included.

Outcomes

e Our primary outcome was the spatial distribution
of D/DCPs. Thus, we aimed to measure the effect
of an intervention on the spatial-specific recruit-
ment and/or retention of D/DCPs and/or the result-
ing net number of D/DCPs in an area. We did not
specifically aim to measure how an intervention
affected the number of D/DCPs working in rural or
underserved areas, but rather how an intervention
affected the distribution of D/DCPs in general in a
given (number of) spatial unit(s), i.e. to regulate
both over-servicing and under-servicing. This was
achieved, as maldistribution is not always equal to
an inequality in rural areas versus urban areas. It
also helped to circumvent the fact that there are no
agreed definitions for rural, urban, underserved or
overserved regions across countries.

e As secondary outcomes we assessed how these
interventions impacted on subjective or objective
access to care and the resulting quality of services
(e.g. waiting times, commuting distances, patient
satisfaction, and provision and outcomes of dental
care), including equity effects (i.e. servicing in dif-
ferent populations). Also, adverse effects were
included (adverse health or health-behaviour effects,
adverse quality of care or resource use/economic
outcomes, adverse effects on D/DCPs, adverse
equity effects).

Searches

A search algorithm, combining the different aspects
outlined in the inclusion criteria via Boolean
operators, was constructed and was adapted for
different databases. A sensitive, non-specific two-
pronged approach was used, combining the ‘problem’
((((((((((rural) OR remote) OR underserved) OR work-
force) OR distribution) OR regional) OR recruit*)
OR retention) and the target group (((((((((dentist) OR
dentists) OR dental hygienist) OR dental hygienists)
OR dental therapist) OR dental therapists) OR dental
practitioner) OR  dental practitioners)))). No
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restriction for study type, time or language was
applied. Four databases were screened: the Cochrane
Central Register of Controlled Trials (CENTRAL)
including the EPOC Group Specialised Register
(searched 25/08/2015); Medline via PubMed (searched
25/08/2015); Embase from 1980 onwards via Ovid
(searched 25/08/2015); and CINAHL 1980 to present
via EbscoHost (searched 31/10/2015). Cross-referen-
cing from full-text studies retrieved was used to iden-
tify further articles. Neither authors nor journals were
blinded to reviewers. Searches were performed in
duplicate and independently by both reviewers (R.].
and F.S.), thus identifying potentially eligible studies.
Disagreements were resolved through discussion, and
where disagreements remained, the full texts were
obtained. The full texts were screened again by both
reviewers, after calibration, for inclusion. Consensus
was obtained by discussion.

Data extraction and synthesis

Data from eligible studies were independently
extracted by both reviewers and were entered into
piloted data-collection forms. We collected the follow-
ing data: study type; design; intervention; participants’
characteristics and setting; start and end dates; out-
come measure; and results.

Risk of bias assessment

We used the Cochrane EPOC group’s risk of bias tool
for interrupted time series (all studies included were
ITS), as described in detail elsewhere®. Risk of bias
was assessed by two reviewers (R.]. and F.S.) in agree-
ment.

RESULTS

Database screening using the search terms described
identified 2,967 reports in Medline, 1,415 in Embase,
25 in CENTRAL and 478 in CINAHL (Figure 1). Of
these, the full text was retrieved for 112, 95, 0 and
29, respectively. After deduplication, the full text of
201 articles was assessed; of these, 198 were excluded
(see Table S1) and three were included (Table 1). All
three studies investigated national policy interven-
tions, which were originally not aiming to change the
distribution of D/DCPs.

In the first study, a Japanese ITS?’, it was reported
that increasing the overall dentist number resulted in
increased dentist-per-capita ratios between 1980 and
2000, which significantly decreased the Gini coeffi-
cient of dentists’ distribution over time (i.e. the
distribution became less unequal). Given the method-
ological limitations of this study with regard to the
statistical analysis used, the effects reported cannot
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dental practitioners)

((((((((((rural) OR remote) OR underserved) OR workforce) OR distribution) OR regional)
OR recruit*) OR retention) AND (((((((((dentist) OR dentists) OR dental hygienist) OR
dental hygienists) OR dental therapist) OR dental therapists) OR dental practitioner) OR

|

4885 records identified

Screening of
title and abstract

| 4686 records excluded

199 articles screened
full-text

2 records identified by hand

search

201 articles screened full-text
for eligibility

Screening of
full-text articles

| 198 full-text articles excluded

Inclusion of
articles/studies

| 3 articles included

Figure 1. Flow of the search.

necessarily be attributed to the intervention. The trial
did not control for secular trends (such as economic
changes or further changes in the health-care organi-
sation) that could have confounded the results, and
the shape of the intervention effect was not specified
(Table 2). The overall risk of bias was judged to be
high.

In the second study, another Japanese ITS, the
effects of a postgraduate training programme, imple-
mented in 2006, were evaluated from 2006 to 2010.
The number of postgraduate trainings provided was
fairly stable between 2006 and 2010, while the overall
numbers of dentists increased. The unequal spatial
distribution of dentists increased during the same time
period, as measured using the Gini coefficient. Again,
this study was insufficient to demonstrate an associa-
tion between the policy and the distributional effect.
It was further rated as having high risk of bias, again
as it did not account for changes in confounding vari-
ables with time and as the shape of the intervention
of the effect was not specified.

In the third study, from Taiwan, the impact of
introducing a national universal-coverage health insur-
ance using ITS methodology was assessed. This study
used spline regression to account for the data used
and their structure. The authors found that introduc-
tion of the insurance significantly equalised the distri-
bution of dentists, with the Gini coefficient improving
by 1.3% after 1 year and by 7.3% after 8 years. The
statistical analysis was found to be suitable for
answering the study questions. The study was rated as
having unclear risk of bias, as the shape of the

4

intervention effect was not specified, but arguments
for a gradual increase were made.

DISCUSSION

This review found only very limited evidence on the
effectiveness of interventions for controlling the spa-
tial distribution of D/DCPs. Future reviews might
therefore consider including a broad range of studies,
such as qualitative research, government reports and
grey literature.

Two of the studies included focussed on altering the
number of dentists and they yielded ambiguous results
(both were from Japan; they found increasing dentist
numbers to correlate with decreasing polarisation
between 1980 and 2000 and increasing polarisation
between 2006 and 2010). The idea behind a sheer
increase of providers leading to a better rural access is
based on dentists choosing their practice location
solely as a result of local demand: with an increasing
dentist density, dentists might move their practice to
areas with reduced competition. This concept ignores
the many other factors — such as personal attitude
towards working and living rurally, the overall busi-
ness set up in rural areas (including availability of
staff) and the limited association between sheer
demand and financial lucrativeness®® — which affect
the decision for a specific practice setting. In addition
to their conflicting findings, both studies had high risk
of bias, mainly as the analysis performed did not suffi-
ciently account for secular confounders which proba-
bly impact on dentists’ distribution.

© 2017 FDI World Dental Federation
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Table 1 Studies included

Study Study type, country,  D/DCP Intervention Description Measure of Findings
sample points distribution,
type of analysis
Toyokawa and ITS, Japan, Dentists  Increasing overall The overall increase in the number of Gini coefficient, The dentists’ per capita ratio increased
Kobayashi?’ national supply (regulatory dentists per capita (since 1980) was descriptive from 44.1 to 58.3 to 69.7, while the Gini
strategy) regarded as intervention, and the coefficient decreased from 0.270 to 0.213
correlation with dentists’ distribution was to 0.197
assessed at three time points (1980, 1990
and 2000)
Hirata et al.*° ITS, Japan, Dentists  Postgraduate The introduction of postgraduate clinical Gini coefficient, The number of overall dentists increased
national clinical training training was regarded as an intervention descriptive from 94,580 to 98,727. Per year, 2,396—
(educational strategy) and the number of postgraduate trainees 2,633 dentists performed the postgraduate
from 2006 (year of introduction of training between 2006 and 2010. The
training) to 2010 was reported Gini coefficient increased from 0.232 to
0.262 in the same time period
Yang et al. *! ITS, Taiwan, Dentists  Introduction of Introduction of NHI (in 1995) was regarded  Gini coefficient, While the number of dentists per 100,000
national universal coverage by  as an intervention, and its impact was spline regression increased from 1971 (6.09) to 2001
NHI (regulatory assessed accounting for time-trend (39.92), the Gini coefficient first increased
strategy) confounding (natural growth effects, etc.) and then decreased. Introduction of the
from 1971 to 2002. Data after 2002 were NIH decreased the Gini coefficient by
discarded as further health reform policies 0.013 at 1 year and by 0.079 at 8 years
were enacted (this was highly significant)

D/DCP, dentists/dental care professional; NHI, national health insurance; ITS, interrupted time series.

Table 2 Risk of bias; the Cochrane Effective Practice and Organisation of Care (EPOC) risk-of-bias tool for interrupted time series (ITS) was used®®

Study Intervention Shape of intervention Intervention likely to Knowledge of Incomplete data Selective reporting Other risk
independent of other effect is prespecified affect data collection intervention prevented of bias
changes
Toyokawa and  High. Further factors High. No shape Low. Data collection Low. Data sources Low. Missing data not ~ Low Low
Kobayashi®® determining outcome specified or discussed independent and independent from addressed, while no
were not assessed/ constant over time study and outcomes systematic distortion is
controlled for objective likely as data source is
constant
Hirata et al. *° High. Further factors High. No shape Low. Data collection Low. Data sources Low. Missing data not ~ High. Not all time points Low
determining outcome specified or discussed independent and independent from addressed, while no were reported
were not assessed/ constant over time study and outcomes systematic distortion is
controlled for objective likely as data source is
constant
Yang et al. *'  Low (controlled for Unclear. No shape Low. Data sources are ~ Low. Data sources are ~ Low. Missing data not ~ Low Low
confounders over time  specified, but independent from the independent from the addressed, while no
and performed arguments for the study objective and the  study objective and the systematic distortion is
restricted analysis) gradual impact of the  outcomes outcomes likely as data source is
intervention were constant
made
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Table 3 Examples of strategies and measures used to guide the distribution of dental care professionals

Strategy Measures Examples
Educational Selection criteria, Dentists from rural areas in Thailand preferred to work in rural areas compared with those from non-
interventions selective dental rural areas*?. In Nebraska, a rural recruitment strategy was found to increase retention over a 20-
school admissions year period*’. A similar experience was reported in Australia**. The University of Kentucky recruited
students from rural Kentucky and coupled this with a no-interest student loan, which did not need
payback in case of 1 year of rural service after graduation. Of 29 graduates between 1971 and 1980,
23 (77%) returned to their rural area after graduation*’. The University of Colorado established an
interdisciplinary rural track for dental students. The University of Washington increased access for
students from a rural background. These students returned to their communities for externships*®
Rural teaching, Rural externships are in place for final-year students at Sydney University. Almost all (97%) of the
clerkships students were more likely to work in a rural setting after graduation compared with 57% pre-
placement, and externship students also practiced rurally more often than did non-externship
students*’. Similar findings were found for Western Australia*®; the insights gained were reported to be
an additional benefit***°. In contrast, no benefit of such a programme was found in Alabama’!. In
Minnesota, eight of 13 students returned to their externship practices after graduation®?; other
American dental schools have similar programmes, but only a few measured their success®>
Rural dental Using scenario simulations, a significant number of patients would benefit and utilisation increase in
schools or campi case of opening a new dental school in rural Southwest Virginia®*. The Charles Stuart University
Dentistry Program in New South Wales, Australia, was expected to have a similarly positive effect in
2009**. So far, however, no data are available that truly prove such benefits. Rural campi have been
tested in Australia and seem to retain both rural and non-rural students rurally**
Financial Conditioned In the USA, the Healthy Initiatives programme provided up to $100,000 for a dentist who remained
interventions students’ loans, rural®®, but no data as to the effectiveness of this policy are available
reduced tuition
fees, scholarships,
rural incentives,
allowances
Specific feeing, In Thailand, income incentives were found to be a deciding factor for dentists regarding their
salaries, budgets workplace selection*?, while again, the effectiveness of this intervention was not measured
The Australian Dental Relocation and Infrastructure Support Scheme provides relocation and
infrastructure grants>®>”
Regulatory Quota licensing or In rural California, dental hygienists’ service scope was widened for geographically defined shortage
strategies redefinition of areas; this increased available services to rural California without any shown health risk®®

service scope
Increased licensing,

foreign recruitment
Mobile services

Personal and Staffing
professional
support Infrastructure

Career pathways

Family services,
housing programs,
community
involvement

The USA aimed to increase use of foreign-trained dentists in rural areas®”

Mobile and portable dental services have been shown to be effective in developing countries®®. For
example, the Thai dental service provides dental treatment to over 200,000 individuals per year®®

Such services are common also in the USA: the Texas mobile dental clinic provided additional services
to 26% more rural children in 2011°°. In Hawaii, services focus on children, the disabled, the
mentally ill, impoverished elderly subjects, homeless people, etc.®® The Kentucky mobile dental unit
provides services mainly to children and builds on the help of student dental therapists®’. The
California mobile dental services has been in existence for 45 years and provides services to over
85,000 low-income Californian or Mexican children. Services are provided by dental and dental
hygiene students and paediatric dental residents®*®!

Supportive supervision and mentoring have been found to be relevant in various settings for
recruitment and, more so, retention®2. No further data on effects are available

As discussed above, the Australian Dental Relocation and Infrastructure Support Scheme provides
relocation and infrastructure grants’®>’. Generally, there are very limited data on such efforts

In Iowa, the ‘Office of Iowa Practice Opportunities’ was able to increase rural recruitment/retention®’.

NHS Education for Scotland initiated a Fellowship to enable rural practitioners to acquire a
postgraduate degree. Of 18 dentists who completed this Fellowship, 14 (78 %) remained in a rural
post; three are in further postgraduate education®*

Having an existing social network and enjoying a rural lifestyle and the community opportunities
seem to be drivers for rural retention. Purely financial incentives seem to have only limited impact®°.
Overall, community involvement seems important for retention (not recruitment); however, data to
provide an accurate measure of this effect were absent or limited®

NHS, National Health Service.

The third study accounted for secular trends in con-
founders and was rated as having an unclear risk of
bias. This study found that implementation of a uni-
versal health coverage insurance reduced the unequal
distribution of dentists. One explanation for this find-
ing is that such universal coverage increases demand
in rural areas, as rural populations are now able to
afford dental care. Such insurance should thereby also

6

decrease the incentive to work mainly in urban areas,
as charges no longer differ between areas. Similar
policies have been applied in the USA, where Medi-
care bonus systems have been thought to increase the
attractiveness of service provision to low-income (not
only rural) populations, with limited success**>'.
Overall, the studies included are insufficient to
establish the effectiveness of existing policies for
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enhancing dentists’ distributions (none of the studies
focused on DCPs). Moreover, they do not seem gener-
alisable to other settings, and have limited internal
validity. Given the paucity of data on this level of evi-
dence, a broader approach might be needed, with pol-
icy documents or further ‘grey’ literature being
considered in future studies. For the purpose of an
overview of interventions that have been applied in
dentistry for enhancing the distribution D/DCPs,
Table 3 could be used. It should be noted that none
of the studies included therein could truly determine
the association between the intervention and the dis-
tribution of D/DCPs. Most studies described the
observed effects and did not account for confounders,
and a number assessed the attitudes of existing or
future providers towards an intervention but did not
quantify the effects of the intervention.

The majority of existing studies have focussed on
educational interventions (such as selective admission;
for example, recruiting students from rural areas or
those with affinity to rural practice, or rural extern-
ships) or coercive (financial) policies associated with
education (such as student loans or scholarships con-
ditioned to rural service postgraduation). No study
was found which reported on the effects of establish-
ing rural dental schools but several initiatives in this
direction were planned or theoretically evaluated. In
general, education policies seem promising®>>*, with
normative strategies (selective admission) having the
additional advantage of not requiring large invest-
ments or administrative efforts. Further evidence on
financial regulations (specific rural feeing, etc.) is
non-existent in dentistry. Educational policies might
also face reduced political barriers, but nevertheless
come with certain ethical implications (for example,
preferring students with rural backgrounds actively
discriminates against those from non-rural back-
grounds).

Regulatory = strategies might also be relevant.
Restricting practice in overserved areas through the
use of quotas is easy, inexpensive and effective if suffi-
cient regulatory enforcements are in place. However,
this may face political headwind, as health-care pro-
fessionals oppose such restrictions. Similarly, recruit-
ing foreign dentists is relatively inexpensive but
requires administrative efforts®>. Migrant dentists
have been found to work in underserved areas more
often than non-migrant dentists*®, but might not
always fulfil all educational standards in the countries
to which they migrate®”. This, in turn, might impact
on the acceptance of such dentists by consumers of
dental care. In general, there is scarce evidence on the
distributional effects of such recruitment efforts, while
the broader political aspects of such interventions
often demand them to be well justified. Another strat-
egy could be to incentivise the extension or restriction
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of working hours or specific budgeting in different
regions (as mentioned above). In this sense, any
recruitment strategy should also have the possible
working capacity of the recruited workforce in mind.
A fourth strategy in this direction could be diversifica-
tion of providers. Increasing the scope of practice of
dental hygienists or therapists, for example, seems
promising to serve areas where conventional dental
care cannot be cost-effectively provided by dentists®.
Mobile care units have been shown to provide services
to a relatively large number of patients at limited
costs.

Last, providing personal and professional support
to D/DCPs in under-serviced areas seems to be a rele-
vant approach, especially regarding the retention of
personnel after recruitment. At present, there is virtu-
ally no documented evidence of the effectiveness of
such measures in dentistry; however, valuable insights
can be gained when evaluating studies from other
medical disciplines®*?.

In conclusion, a number of interventions to control
the spatial distribution of D/DCPs have been designed
and even applied. However, their effectiveness
remains unclear. As the present review included only
three studies, our findings are insufficient to make any
recommendations for policy makers. Future studies
should strive to collect sufficient data, alongside the
implementation of any interventions, to allow robust
evaluations of their effectiveness. Effectiveness needs
to considered with ethical and political dimensions
before implementing any of these interventions.
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