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THESIS AT A GLANCE

Paper Objective

Children and To survey the
adolescents’ treatment needs and
dental treatment measures
treatment in provided for children
2001-2013in and adolescents and
the Finnish changes in these in
Public Dental the Finnish Public
Service Dental Service (PDS)

during 2001-2013.

Adults’ dental
treatment in
2001-2013in
Finnish Public
Dental Service

To survey the
treatment needs and
treatment measures
provided for adult
patients and changes
in these in the Finnish
PDS during 2001—
2013.

Frequency of To investigate

visits and longitudinally
examinations in | examination and
the Public visiting patterns in the
Dental Service | Finnish PDS and to
in Finland —a | relate these to
retrospective patients’ treatment
analysis, 2001— | needs and
2013 international
recommendations on
examination intervals.
Treatment To analyse treatment
provided in the | measures provided in
public dental the PDS and to
Service in discuss the therapy

Finland in 2009 | given against
treatment needs, as
expressed in the
latest national clinical
epidemiological
studies.

Method

Data on children, their oral health
and treatment in 2001-2013 were

collected retrospectively from
databases of five PDS-units

covering 320,000 inhabitants. The
numbers of visitors, those in need
of periodontal or caries treatment
and their treatment were calculated

for three age groups. Trend

analyses were performed to study

changes.
Data on adults, their oral health

and treatment during 2001-2013
were collected retrospectively from

five PDS-units. The numbers of
visitors, those in need of
periodontal or caries treatment
were calculated for three age
groups. Treatment provided was
also calculated in 13 treatment

categories. Trend analyses were

performed to study changes.

Data on patients, their visits and

oral health during 2001-2013 were
collected retrospectively from five

PDS-units. Each individual’'s

examination and visiting intervals
were counted. Multilevel modelling
was used to study probabilities of

being examined or in need of
treatment and differences in

examination and visiting intervals

between groups and over time.

Data on all treatment measures

were collected from the municipal
166 Public Dental Service (PDS)
databases. Patients were grouped
by age (<18, 18-64, 65+) and the

treatment measures by 12 main
categories.

Main findings/conclusion

Children’s oral health had
improved and restorative
treatment decreased, but the
total number of treatment
measures increased. Healthy
children received frequent
examinations and preventive
treatment measures.
Targeting treatment according
to needs was not satisfactory.

Adults’ dental treatment
concentrates on treatment of
caries. Periodontal treatment
is insufficient and prosthetic
treatment is almost totally
neglected. The unmet needs
may be due to tradition,
inadequate treatment
processes or a lack of
resources or failed salary
incentives.

Young patients had mostly
annual or biannual
examinations, in line with
recommendations. The
examination intervals of
working aged adults were
considerably longer, and more
of them needed treatment.
The share of elderly among
visitors remained low.

Children had plenty of
examinations and preventive
measures. Examinations and
restorative treatment made up
most of the care provided for
adults and periodontics and
prosthetics were minor
treatment areas, indicating
that treatment given to adults
was not fully in line with their
needs.



ABSTRACT

This register study evaluated treatment measures, dental visiting patterns and examination
intervals and changes in them among visitors to the Public Dental Service (PDS) in Finland.
In the longitudinal studies I-lll, data on patients and their dental visits in 2001-2013 were
collected retrospectively from five municipal PDS-units with 320,000 inhabitants and using
the same patient database system. For each year, the numbers of visitors, those examined
and those in need of periodontal or caries treatment (CPI >2 and D + d > 0) were calculated
separately for three age groups (<18, 18-64, 65+ years). Each individual’'s examination and
visiting intervals were counted. Treatment provided was classified into 13 main areas:
examinations, preventive care, periodontics, restorative care, endodontics, treatment of
TMD, orthodontics, prosthetics, anesthesia, emergencies, radiology, oral surgery and other
treatment.

The statistical methods used comprised of trend analyses and multilevel modelling. In the
cross-sectional study 1V, data on all treatment measures provided in the public sector were
collected from all the municipal PDS units’ databases. The study contained data on 1 700
758 visitors in the PDS.

The longitudinal studies I-lll showed that about 40,000 children and adolescents visited the
PDS units each year and 2,488,805 treatment measures were provided for them during the
study period (Study I). The proportion of persons in need of treatment decreased from 44.4%
in 2001 to 33.2% in 2013. Examinations (24.7%), orthodontics (20.1%), preventive
measures (15.0%) and restorative treatment (14.3%) made up 74% of all treatment
measures. During the 13 years, statistically significant increasing trends were found for
examinations, anesthesia and the total number of treatment measures, and a decreasing
trend (p <0.01) for restorative treatment.

The annual number of adult patients increased from 37,377 in 2001 to 67,834 in 2013 and
during that time they had altogether 4,099,050 treatment measures (Study Il). Restorative
treatment (23.6%), examinations (16.1%), radiographs (12.9%), anesthesia (12.7%) and
emergency treatments (8.5%) made up 73.8% of all treatment measures during the study
period. Periodontal (7.8%) and preventive treatments (3.9%) were not common and
prosthetics was extremely uncommon (0.9%). Significant increasing trends were found for
radiographs (p <0.01), anesthesia (p =0.01) and total number of treatments (p=0.01) and
a decreasing trend in preventive care (p=0.01).

Compared with adults, the young were three times less likely to require treatment
(OR =0.31). An increasing trend was detected in examination intervals; among the young
and the elderly, the change was from one year to eighteen months and among the working
aged from one year and three months to two years two months.

On national level, the 1.7 million public sector visitors had 8.9 million treatment measures in
2009 (Study IV). The working aged were provided by 1,457 restorative treatment, 1,142
examinations, 455 periodontal, 193 preventive and 327 surgical treatment measures per
1000 patients.

Although children’s and adolescents’ oral health continued to improve, and restorative
treatment decreased, the total number of treatment measures increased. They had frequent
examinations and high numbers of orthodontic and preventive treatment measures. Adult
care concentrated strongly on restorative treatment at the expense of periodontal and
prosthetic treatment and prevention. This oral care patch mode in the PDS was in notable
contrast to the care pattern of the young.



Summary in Finnish, tiivistelma

Tassa rekisteritutkimuksessa arvioitiin julkisessa suun terveydenhuollossa kayneiden
potilaiden saamaa hoitoa seka kaynti- ja tutkimusvaleja ja niiden muutoksia.
Pitkittaistutkimuksen 2001-2013 (julkaisut I-1ll) aineisto potilaista, heidan suun terveydenhu-
ollon kaynneistaan ja saamastaan hoidosta kerattiin takautuvasti viiden terveyskeskuksen
potilastietojarjestelmista. Kunkin vuoden kavijamaarat, tutkitut seka hoidon tarpeessa olevat
(CPI >2 ja D +d>0) laskettiin kolmessa ikdryhmassa (<18, 18-64, 65+). Kunkin potilaan
tutkimus- ja kayntivalit laskettiin. Hoito ryhmiteltiin 13 kategoriaan: tutkimukset, ennaltaeh-
kaiseva hoito, parodontologia, korjaava hoito, endodontia, purentafysiologia, oikomishoito,
protetiikka, anestesia, kiireellinen hoito, radiologia, suukirurgia ja muut toimenpiteet.
Tilastollisina menetelmind kaytettiin trendianalyysia ja monitasoanalyysia. Poikkileikkaus-
tutkimuksessa (julkaisu 1V) kerattiin tiedot kaikista julkisen sektorin hoitotoimenpiteista koko
maan terveyskeskusten potilastietojarjestelmista.

Pitkittaistutkimus osoitti, etta tutkimusterveyskeskuksissa kavi vuosittain noin 40 000 lasta
ja nuorta vuosittain ja heille tehtiin tutkimusjakson aikana 2,5 milj hoitotoimenpidetta
(julkaisu 1). Hoidon tarpeessa olevien osuus vaheni 44,4 %:sta vuonna 2001 33,2 %:iin
vuonna 2013. Tutkimukset (24,7 %), oikomishoito (20,1 %), ennaltaehkaisevat toimenpiteet
(15,0 %) ja korjaava karieshoito (14,3 %) muodostivat 74 % kaikista hoitotoimenpiteista.
Tutkimusten, anestesian ja hoitotoimenpiteiden kokonaismaaran trendi oli 13 vuoden aikana
tilastollisesti merkitsevasti nouseva ja korjaavan karieshoidon trendi laskeva (p <0,01).
Aikuispotilaiden maara tutkimusterveyskeskuksissa kasvoi vuoden 2001 37 377:sta 67
834:3an vuonna 2013 ja heille tehtiin tutkimusjaksolla 4,1 milj toimenpidetta (julkaisu ).
Korjaava karieshoito (23,6 %), tutkimukset (16,1 %), rontgenkuvat (12,9 %), anestesia (12,7
%) ja kiireellinen hoito (8,5 %) muodostivat 73,8 % kaikista tutkimusjakson hoitotoimen-
piteistd. Hampaiden tukikudosten hoito (parodontologia 7,8 %) ja ennaltaehkaisevat toimen-
piteet (3,9 %) olivat harvinaisia ja proteettinen hoito oli erittédin harvinaista (0,9 %).
Radiologian (p <0,01), anestesian (p=0,01) ja toimenpiteiden kokonaismaaran (p=0,01)
kasvava trendi oli tilastollisesti merkitseva, samoin ennaltaehkaisevan hoidon laskeva trendi
(p=0,01). Tutkimusvalitrendi oli kasvava; nuorilla ja elakeikaisilla tutkimusvali piteni 13
vuoden aikana yhdesta vuodesta 18 kuukauteen ja tydikaisilla 1 vuodesta ja 3 kuukaudesta
2 vuoteen 2 kuukauteen. Aikuisiin verrattuna lapset ja nuoret olivat kuitenkin kolme kertaa
harvemmin (OR =0,31) hoidon tarpeessa.

Valtakunnallisesti terveyskeskusten 1,7 miljoonalla potilaalla oli 8,9 miljoonaa hoitotoimenpi-
dettd vuonna 2009 (Julkaisu V). Tyoikaisille tehtiin 1,457 korjaavan hoidon toimenpidetta,
1,147 tutkimusta, 455 parodontologista 193 ehkaisevaa ja 327 kirurgista toimenpidetta
1,000 potilasta kohti.

Vaikka lasten ja nuorten suun terveys parani ja korjaava karieshoito vaheni, toimenpiteiden
kokonaismaara kasvoi. Heille tehtiin paljon tutkimuksia, suuri maara oikomishoitoa ja
ennalta ehkaisevia toimenpiteitd. Lapsia suuremmassa hoidontarpeessa olevien aikuisten
hoidossa keskityttiin terveyskeskuksissa hampaiden paikkaamiseen parodontologian,
protetiikan ja ennaltaehkdisyn kustannuksella. Lasten ja nuorten hoidossa kaytettya
saannollisiin tarkastuksiin ja kokonaishoitoon painottuvaa hoitofilosofiaa ei terveyske skuk-
sissa noudatettu aikuisten hoidossa.
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Health Center
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INTRODUCTION

In general health care improving equal access to services and ensuring that services are of
sufficient quality to be effective have been in focus of development work for decades. Much
effort has been put into defining characteristics of high-quality health care services, e.g., that
they should be timely, equitable, integrated, safe, and efficient (WHO 2018, Institute of
Medicine 2001).

To improve health system performance and health outcomes has not been an easy task due
to the complexity of the systems and the lack of or poor quality of available data. Methods
used to improve quality of health care have included workforce strategies, registration and
licensing mechanisms, external evaluations and accreditation, public reporting and
benchmarking mechanisms etc.

However, on one hand the continuously rising health care costs caused by new treatment
methods and ever-increasing demands and on the other hand limited resources have
required further work to ensure that the resources are used on provision of appropriate care.
There are five aspects that currently conceptualize the term appropriate health care; they
are evidence-based care, clinical expertise, patient centeredness, resource use, and equity.
These terms are most often used in combination which indicates an integrated
understanding of appropriate care among health care professionals (Robertson-Preidler et
al. 2017). In this work, health information systems that measure and drive quality of care
and financing methods that support provision of treatment of high quality have been crucial.
Well-done epidemiological surveys have also been valuable in this context.

As regards measuring outcome and overall efficiency, dental care is trailing, partly due to
the different organization of the care provision system from medical care, e.g., most dental
care being private business (Widstrdom and Eaton 2004a) and the lack of tradition of
reporting diagnoses or other outcome data. Nor has comparison of care providers been
customary and supervision of the dental field has not been prominent. Overall, developing
outcome measures for oral health care and using them for evaluation and steering purposes
is still just beginning (Hummel et al. 2017).

The present study clarifies and analyses the contents of oral health care as treatment
provided in Finland during 2001-2013 in a cross-sectional and a longitudinal setting. Thus,
it brings light into outcome and quality aspects of dental care.

12



REVIEW OF THE LITERATURE

Oral health care provision system

Finland has so far had a highly decentralized and basically publicly funded social welfare
and health care system. A major social and health care reform in the near future will result
in a more centralized organization but in this thesis the decentralized model is still valid. In
2021, local municipalities were responsible for organizing the basic social welfare and public
health services including the dental services defined by law (Finnish Ministry of Social Affairs
and Health 1972, Finnish Ministry of Social Affairs and Health 2010).

Services have been organized by one municipality alone, by several municipalities together
or they have been outsourced to other local authorities, non-governmental organizations or
private service providers. Each municipality has belonged to one of the 20 hospital districts
providing specialised medical and dental services. Nationally, five university hospital areas
have provided the most demanded health care (Finnish Ministry of Social Affairs and Health
1989a). At local level, the Public Dental Service (PDS) has been a separate part of the
Health Center (HC) providing welfare and general health care services. In 2003, there were
279 PDS units, each with one or several dental clinics (Suominen-Taipale et al. 2009).

In 2020 the number of PDS units was 134 (Kuntaliitto 2020). Each PDS has its own Chief
Dentist who is under the leadership of the Leading Doctor of the HC (Alestalo 2015).

Besides tax revenues from national and municipal taxation, the PDS has been financed by
patient fees to a much greater extent than general health care. However, all dental care for
children and adolescents under 18 years has been free of charge. The maximum patient
fees for adults have been defined nationally by a decree (Finnish Ministry of Social Affairs
and Health 1992).

When the present health care provision system was founded in 1972 (Finnish Ministry of
Social Affairs and Health 1972), the PDS was responsible primarily for the young (<18 years)
and adults were assumed to visit private dentists or clinical dental technicians (denturists)
and paid for treatment out-of-pocket. From 1980, adults were successively given access to
subsidized services in the PDS, starting from the youngest age groups, the 18—25-year-olds.
After that, access was slowly expanded to include middle-aged adults. From 1985 onward,
the adult age groups entitled to use the PDS also received partial reimbursement of the cost
of private dental care from the Social Insurance Institution (SII). In 2002, a major Oral Health
Care Reform abolished all age restrictions and even adults born before 1956 received
access to the PDS or to reimbursement from Sl if they used private dental services (Finnish
Ministry of Social Affairs and Health 1963, Finnish Ministry of Social Affairs and Health 1972,
Finnish Ministry of Social Affairs and Health 2010). Thus from 2002, municipalities were
responsible for organizing oral health care services including emergency treatment for
everyone who requested it regardless of age, residence or social background but on the
basis of treatment needed. Oral health care was to include health promotion and monitoring
oral health for groups and, on the individual level, examinations, prevention, treatment of
oral diseases and prosthetic rehabilitation (Finnish Ministry of Social Affairs and Health
2019).

Because waiting lists to some public health services and dental services had become long,
regulations considering timeframes on access to treatment were introduced by law in 2005.
Thus people had to be able to contact their HC/PDS call-center during weekday opening
hours. An evaluation of treatment need had to be done in three days by a doctor/ dentist or
nurse/dental assistant. A medical appointment had to be given within three months and a
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dental appointment within six months. Emergency care had to be administered immediately
(Finnish Ministry of Social Affairs and Health 2004). An order to pay fines was introduced in
case the HC/PDS was not able to provide the services within these time limits.

The major reform in 1.1.2023 changed the organization and financing of the welfare and
health care services. The Finnish Government establised 21 welfare districts plus Helsinki
and the Aland islands. The social- and healthcare services were transferred from the
municipalities to the new Welfare Districts. Election for those in power in the welfare districts
was held in January 2022. Financing of the Welfare Districts was transferred from
communities to the Government.

In 2020, there were 5360 working aged (< 65 years) dentists, 3139 dental hygienists and
7710 dental assistants. In addition, there were about 827 dental technicians, of whom about
300 were clinical dental dental technicians (AVOINDATA.FI).

About half of the active dentists in Finland work in the PDS as a salaried work force and the
other half in the private sector (Suomen Hammaslaakariliitto 2018). Most dental technicians
work privately.

Oral health

Children and adolescents

Caries experience in 12-year-olds measured by means of clinical examinations using the
DMFT index of has been the most commonly used indicator of dental health in children
(WHO 2013). According to statistical data collected in the Finnish PDS units the mean DMFT
value for 12-year-olds was 2.0 in 1988, 1.2 in 1991 and 1.2 in 2000 (Nordblad et al. 2004).
From 2011 to 2018 the mean DMFT decreased further from 1.3 to 0.9 (SOTKA 2022). The
proportion of caries-free children has increased: 30% the12-year-olds were caries-free in
1991, 38% in 2000, 54% in 2012 and 62% in 2018 (Nordblad et al. 2004, SOTKA 2022).
Similar improvements can be seen in the other age groups whose mean dmft and DMFT
indexes are collected, the 5 year olds and the 15 year olds (Nordblad et al. 2004, SOTKA
2022). Childrens’ and adolescents’ oral health has been poorer in the North than in the
wealthier southern parts of the country (Widstrom and Jarvinen 2011).

Arecent study showed that schools with pupils with high socio-economic background had a
higher tooth brushing frequency than those with children with poorer background indicating
social differences in oral health (Anttila et al. 2018).

Great reductions in caries prevalence has been seen in the other Nordic and most European
Union countries. Thus of the 12-year-olds only 18% were reported to have caries experience
and the mean DMFT was 0.3 in Denmark in 2019. In Norway, 40% had caries experience
(DMFT>0) and the mean DMFT was 1.0 in 2018. In Sweden, 32% had caries in 2017, and
the mean DMFT was 0.7. Iceland reports older figures from 2005: 34% of 12-year-olds were
caries-free and the mean DMFT was 2.1 (Bage Christensen et al. 2021).

The Council of European Chief Dental Officers (CECDO) has been collecting information
from its members on national mean DMFT- values of the 12-year-olds in the EU member
states. The latest reported figures in the older member states varied between 0.5 in
Germany and 3.4 in Lichtenstein. In the newer Eastern European EU-member states the
reported figures varied between 2.1 in Czech Republic and 4.8 in Croatia (CECDO 2022).
Periodontal diseases, other than gingivitis are not common among the young and thus the
focus has been on caries. However, in a Finnish study among 15—16-year-old smokers there
were early signs of periodontitis in 15% of the participants (Heikkinen 2011).
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Erosive tooth wear is a newer problem among children and youngsters related to changes
in eating and drinking habits. However, there are no properly established treatment practices
yet (Johansson et al. 2012). As regards treatment of malocclusions and aesthetically
disturbing conditions demanding orthodontic care, there have been great differences
between the PDS-units as regards coverage of care, results and costs (Pietila 2010).

Adults

Adults' oral health has been monitored by three nationally representative clinical
epidemiological studies conducted in 1980, 2000 and 2011.The first study showed that
adults (>30 years) in general had very poor oral health: caries, periodontal diseases and
tooth loss were common, and edentulousness was widespread. Oral diseases and
edentulousness were most common among persons with low education or low income
(Vehkalahti et al. 1991).

In 2000, periodontal diseases were still common among adults. The other significant and
frequent finding was the absence of one or more teeth without prosthetic replacement, even
in highly visible areas in the mouth. Of all adults 15% and 44% of those 65 years or over
were edentulous in 2000. During the following 10 years edentulousness decreased and in
2011 the corresponding figures were 7% and 21% (Suominen-Taipale et al. 2008). Although
adults in 2011 had slightly higher mean numbers of remaining teeth than in the previous
studies, partial or full removable dentures were still common: 27% of those between 55-64
years, 50% of those between 65-74 years and 70% of those aged 75+ years had removable
dentures. The prevalence of untreated caries was 31% in men and 15% in women, and the
mean number of decayed teeth was 0.8 and 0.3 respectively. Of men 70% and of women
58% had deepened periodontal pockets (=4 mm), and the corresponding mean number of
teeth with deepened pockets (24 mm) were 5.6 in men and 3.7 in women. Persons with low
education and low income had worse oral health than persons with high education and
income (Koskinen et al. 2012).

The latest nationally representative data on adults’ oral health were collected in 2017 by
means of interviews. Two-thirds (64%) of the adults reported having good-oral health. One-
third reported having had pain or other discomfort related to teeth and dentures during the
previous year (Koponen et al 2017). In 2000, 68% of the women and 60% of the men felt
that their oral health was good and in 2011 the corresponding figures were 79% and 71%
(Suominen-Taipale L et al. 2008) indicating no major improvement in people’s subjective
assessments during the last 20 years.

Socioeconomic inequalities in oral health have been a permanent phenomenon in Finland
(Boge Christensen et al. 2021). Edentulousness has been more frequent and dentate
persons have had fewer teeth in the less well-off northern and eastern Finland, than in the
wealthier parts of the country. Since the 1980s, improvement in oral health has been most
significant among those with the highest education and income. However, from 2000 to
2011, among adults, the need for restorative dental treatment decreased and the education-
related inequality decreased in it (Raittio et al. 2018).

A recent study showed that erosive tooth wear is common among middle-aged adults.
Almost half of the persons examined had erosive wear that required at least preventive
measures. Severe tooth wear was found among 10% of the subjects (Alaraudanjoki 2018).

To sum up, studies on adults during the last decades have pointed out that periodontal
diseases are common among them. The special concern is the abundant occurrence of
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periodontal diseases in the early middle age, among the 30-44-year-olds. The other
significant and frequent finding has been the absence of one or several teeth without
prosthetic replacement, even in highly visible areas in the mouth.

When compared with the other Nordic countries, it can be stated that edentulousness is
most frequent in Finland (Widstrom et al. 2015b). Use of removable dentures is much more
common in Finland than in Sweden where fixed prosthetic constructions seem to be the first
choice in prosthetic treatment (Lundegren 2012). Danish and Swedish adults also have
better periodontal health and fewer carious teeth than Finnish adults (Holt 2013, Hugoson
et al. 2005).

Tooth brushing habits

In 2002, 41% of the 11-15-year-olds claimed to brush their teeth more than once a day. In
2006, the corresponding proportion was 46% and in 2010 it was 56%. Girls’ brushing
frequency has always been higher than boys’ (Honkala et al. 2015). In 2013, 66% of the 11-
year-old girls and 53% of boys brushed their teeth more than once a day. The corresponding
proportions for the 13-year-olds were 73% / 45% and for the 15-year-olds 74% girls and
45% boys. When 20 countries were compared, the proportions of Finnish children were at
the bottom end of the list (Inchley et al. 2016). In 2000, of the dentate adults, 45% of men
and 76% of women said they brushed their teeth at least twice a day. In 2011, 53% of men
and 81 % of women and in 2017 53% of men and 83% of women claimed to do so
(Vehkalahti et al.1991, Suominen-Taipale et al. 2008, Koskinen et al. 2012).

Use of dental services

The PDS has collected information on numbers of patients since 1972 when the present
oral health care provision system was introduced. In the early years, the recommendation
was to call all age groups of children and adolescents entitled to care in the PDS for
examination annually (the youngest children were seen by child welfare clinics). In the
1990s, 55-88% of the 3 to 18-year-olds were annually examined in the PDS units throughout
the country before individualized and in practice longer (18 to 24 months) recall intervals
were recommended for the young in 1998 (Lahti et al. 2001). According to statistical data,
82.0% of those younger than 18 years had been seen in the PDS in 2001, 67.0% in 2013
and 66.0% in 2019 (SOTKA, 2022). According to a special survey, 75.0% of all the young
(<18 years) had made dental visits in 2008; of them two-thirds (57.4%) had made annual
visits during a three year period in 2006 — 2008, a third (32.2%) had had visits in two of the
three years and 10.4 % only in one year. Almost all visits (98.0%) had been to the PDS
(Widstrém et al. 2013).

According to a nationally representative questionnaire study in 2000, 55% of adults
(= 30 years) claimed that they had visited a dentist during the previous 12 months and 69%
during the previous 24 months. Dental visits were most common among dentate 55-64 year
olds: 76% of women and 63% of men having had visits during the previous year. Overall,
women and persons with high level of education or income, used dental services more often
than men and persons with low education and income. Subjects living in eastern or northern
Finland reported such use less frequently than did those living in other parts of the country.
Of persons wearing full dentures, 6% told to have their dentures checked once a year, 25%
once in five years, and 69% less frequently or never (Suominen-Taipale 2008).
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A national register study revealed that 64.3% of the young (<18 years) and 47.7% of the
adults (18+ years) had had dental visits in 2009. The PDS had seen almost all (98.6%) of
the young who had had dental visits that year (690,462). The rest had visited private dentists
(9,860). Almost the same numbers of adults had visited the public (1,010,296 persons) and
the private sectors (1.030.858 persons) (Widstrom and Linden 2018; Figure 1).
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2,000,000
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Figure 1. Number of the total population numbers of all dental visitors, visitors to the PDS
and visitors to the Private sector, by the young (<18 years) and adult (18+ years) in 2009.

Relatively small changes in the overall use of dental services occurred between 2000 and
2011 (Suominen et al. 2017). Older people claimed to have increased their use of public and
private sector dental services indicating decreased edentulousness and increased treatment
needs. Visiting public dental services had increased among adults born before 1956 who
had not been entitled to use the PDS before the Oral Health Care Reform in 2001 - 2002. In
the private sector, use of services had decreased among younger adults. Being a regular
dental visitor was the most significant reason for having had a dental visit during the previous
year (Suominen et al. 2017).

Statistical information about adult visitors to the PDS and those private sector visitors who
had been eligible for partial reimbursement of treatment from the National Social Insurance
Institution (SIl) has been collected since 2003. In 2008, 26.0% of all adults had visited the
PDS and 19.7% the private sector. In 2019, 26.7% had visited the PDS and 16.4% the
private sector (SOTKA 2022).

A longitudinal register study considering the years 2006 - 2008 showed that 57.3% of the
working aged (18 — 64 years) and 69.1% of the older (65+) dental attenders were annual
visitors in the private sector. A third (27.1%) of the 18-64 year olds and 19.8% of the elderly
had attended in two of the three years. Visiting in one year only was unusual in the private
sector; slightly more than 10% belonged to this group. In the PDS, annual attendance was
uncommon (31.9%), and adult visitors were fairly evenly distributed over the three
categories, visiting in one, two or all three years. Annual or biannual visits seemed to be the
norm among children in the PDS and adults in the private sector. Adults in the PDS showed
irregular attendance patterns probably partly due to scarcity of resources for patient recall
in the PDS (Widstrom et al. 2013) Traditionally, the private sector has provided frequent care
and used recall appointments, whereas the public sector has provided adults with more
emergency services and has had long waiting lists for non-emergency care. The PDS has
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not recalled adults. Danish, Norwegian and Swedish adults are more frequent dental visitors
than the Finnish ones (Widstrom et al. 2015b).

A newer indicator of service utilization is measuring unmet health care needs. In 2019, 5.5%
of Finnish adults (>16 years) reported unmet needs for dental examinations and treatment
because of high prices, long distances and especially long waiting lists. That figure was high
compared with other European countries (Eurostat 2021).

Earlier studies on treatment provided

In 1981, 88% of the 2—6-year-old children had at least one dental visit. Aimost all of them
(98%) were examined. Restorations were provided for 23% of the visitors and the number
of restorations provided was 2.7 per child. Of the 7-16-year-olds. 95% had visited the PDS
and 97% of them were examined. Most 7-16-year-old children (79%) were given advice on
oral selfcare, 30% received at least one fluoride warnish treatment and 15% received
sealants. Every fourth child received periodontal care. At least one filling was made to 56%
and the number of restorations provided was 1.7 restorations per child. Only 2% of the young
(<18 years) had had endodontic care. Also radiology was uncommon (Milen 1986).

In the nationally representative epidemiological study in 2000, the participating, adults (30+
years) were asked about treatment measures they had received during the most recent
treatment course. The most common treatments reported by dentate subjects were clinical
examinations (88%), removal of calculus (70%), and fillings (66%). Few respondents
reported guidance on tooth brushing (7%) or use of fluoride (3%) or dietary counselling (2%).
The 30—44 year olds reported radiographs (40%) and fluoride varnishes (47%) more often
than the older respondents (27% and 23%, respectively).

A greater proportion of private patients reported examinations (91% vs. 85%), removal of
calculus (75% vs. 61%), and fluoride treatments (39% vs. 33%) than the public sector
patients. The latter reported more often radiographs (39% vs. 33%), extractions (13% vs.
9%) and endodontic treatments (15% vs. 12%) than the private sector patients (Suominen-
Taipale 2008).

In 2004-2009 Nihtila el al. investigated treatment provided to adult heavy and low users of
dental services in a large PDS unit in southern Finland. The study showed that during the
five-year follow-up period restorative treatment was the most usual treatment provided to
88.8% of the heavy and 79.6% of the low users. Two-thirds (67.0%) of all study subjects had
been examined at least once and 46.0% twice. About half of the heavy users (49.6%) and
45.7% of the low users had had preventive treatment measures, most often by dental
hygienists. Prosthetic treatment was rare. Typical for adult's heavy use of oral health
services was a cycle of repetitive repair or replacement of restorations, often as emergency
treatment, a lack of proper examinations and preventive care. The authors concluded that
immediately after the major Dental Reform that the quality of care of the new adult patients
was not good (Nihtila et al. 2016).

A national register study in 2009 showed that the PDS provided 8,885,271 million treatment
measures and the private sector 5,152,072 million treatment measures in 2009 (Widstrom
and Linden 2018). About half (4,725,047; 53.2%) of all treatment measures in the PDS
were provided for working aged adults, more than third (3,248,468; 36.6%) for children and
one tenth (911,756; 10.2%) for the elderly. In the private sector, more than three quarters
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(3,948,661; 76.6%) of treatment measures were provided for the working aged, more than
every fifth (1,173,026; 22.7%) for elderly and very few (30,385; 0.7%) for children.

The most common treatment categories for the working aged adults were, in the public
sector, examinations (including complementary examinations and radiographs), 1,601 per
1,000 patients and fillings therapy 1,457 per 1,000 patients. The private sector produced
more restorative treatment, 1,743 per 1,000 patients, and fewer examinations, 1,003 per
1,000 patients. For the elderly, the most common treatment measures were the same, fewer
examinations, 1,532 per 1,000 patients and the same number of restorative treatment, 1,561
per 1,000 patients in the PDS. In the private sector, restorative treatment was even more
common for the elderly, 2,004 per 1,000 patients, whereas examinations were almost as
frequent as for the younger adults (1,009 per 1,000 patients).

As regards the working aged, the private sector produced almost twice as many periodontal
treatment measures and clearly more preventive measures and restorative treatment than
the public sector. Among the elderly, periodontal treatment measures were also almost twice
as usual and preventive measures, endodontic treatment and restorative treatment slightly
more common in the private sector than in the public sector where oral surgery and
examinations were more usual than in the private sector.

Compared with the national epidemiological study in 2000, the results indicate that
examinations continued to be frequent, restorative treatment had decreased and radiology
had increased (Suominen-Taipale 2008).

Due to a long reimbursement history of adults” private dental care, the social insurance
system Denmark has collected statistical information on treatment measures provided for
adults for several decades. In 1990, adults had 1,494 and in 2010, 1391 examinations per
1,000 patients. The corresponding numbers of periodontal treatment measures were 1,255
in 1990 and 1,143 in 2010 and the numbers of fillings were 1,320/1,030. The numbers of
extractions were low, 165 in 1990 and 172 in 2010 per 1,000 patients. The falling numbers
of treatment measures reflect improvements in oral health, especially in the younger age
groups. In 2008, a 70 year old person had had twice as many treatment measures as a 20
year old person (Holt 2013).

In 2008, Sweden introduced a dental health care register: the Swedish Quality Registry for
Caries and Periodontal Diseases (SKaPa). The register collects information on oral
diseases, treatment provided and other dentistry related matters by automatic transfer of
data from electronic patient records from affiliated public and private dental care
organisations. In 2018, the register covered 6.9 million persons out of the total population of
10 million. SKaPa produces reports on de-identified data, both cross-sectional and
longitudinal (von Biiltzingsléwen et al. 2019).

In 2018, examinations made up 45%, preventive treatment 13%, treatment of oral diseases
19%, restorative treatment 15% and prosthetics 2% of all treatment measures provided for
children and adults. The number of examinations, 1,453 per 1,000 patients in 2018 had
increased from 1,111 in 2011. The numbers of preventive treatment measures (392/352),
endodontics (38/47) and prosthetics (69/86) had not changed much but the number of
restorative treatments had decreased (492/709) (SKAPA 2019).

Guiney et al. investigated whether increased tooth retention and decreases in caries were
reflected in the volume and types of treatment provided to adults within a public social
insurance scheme in Ireland between 1997 and 2008. They found that provision of
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restorations, extractions, and dentures decreased and preventive and diagnostic treatments
per dentist increased, which supports reported improvements in oral health (Guiney et al.
2013)

Challenges in oral health care

The frame of equal social welfare and public health services for the Finnish population was
set in the Health Care Act of 1972 (Finnish Ministry of Social Affairs and Health 1972).
However, dental care was an exception in 30 years. It was made available in the first place
only for children and, later, for younger adults. Among children and adolescents
socioeconomic and regional equity was reached in the 1980s. Among adults, income related
inequity in the use of dental services was quite common as recently as the in late 1990s due
to the age limits regarding access to the PDS and subsidized care with SSI in the private
sector (Nguyen and Hakkinen 2004). The local municipalities, having strong autonomy and
being responsible for financing the public services (with government subsidy), felt free to
determine their supply of public dental services according to the size of the local private
sector. Thus, there were differences in access to the PDS between municipalities and
regions. There were also big differences in efficiency between the PDS units (Widstréom et
al. 2004b). After the age restrictions were abolished in 2001-2002 the overall use of dental
services increased slightly from 2000 to 2011. Older adults increased and younger adults
decreased their utilization. Visiting the PDS increased especially among those who became
entitled to subsidized care in 2000. However, being a regular visitor was the most significant
determinant for having visited a dentist during the previous year. Recall, costs of care and
socioeconomic factors continued to steer choices between the public and private sectors
sustaining inequity in access to care (Suominen et al. 2017). Between 2013 and 2017, the
subsidy of private (basic) services was cut from 32.1% to 15.4% (Linden and Nolvi 2019).
Furthermore, the, for a longer period quite moderate, patient fees in the public sector were
raised by 30% in 2016 (Finnish Ministry of Social Affairs and Health 2017). Currently, there
are long waiting lists to the PDS and shortage of patients in the private sector.

At present dental care personnel is challenged by the major health care reform that will
transfer the organization of health care (including dental care) and social services from a
high number of local municipalities to a lower number of Welfare districts in 2023. All social
and healthcare personnel will have a new employer and it is possible that existing PDS units
inside the new districts will be closed or merged, and the personnel will need to be moved
around (Mikkola 2020). This causes stress and increases the working load for the dental
personnel. The latest complication is the coronavirus pandemic that started in March 2020.
Alot of visits were cancelled or moved to a later occasion either by the care providers or the
patients. This may have long-term public health consequencies (Kestila 2020). To sum up,
the developments during recent years have not been favourable for oral health.
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AIMS OF THE STUDY

The general aims of this thesis were to survey performance of the Finnish oral health care
provision system and quality of dental care in the public sector after the major Dental Care
Reform in 2001-2002 giving all adults access to the PDS or subsidized services in the private
sector. Special emphasis was on targeting and contents of treatments provided. The volume
and coverage of care were also studied. The findings were to be compared with oral health
and treatment needs from national epidemiological surveys.

The specific aims were:

Paper I: To survey treatment needs and treatment measures provided in the PDS for
children and adolescents under 18 years of age and changes in them during a 13-year
period from 2001 to 2013.

Paper II: To survey treatment needs and treatment measures provided for adults in the PDS
and changes in them from 2001 to 2013.

Paper llI: To investigate dental visiting patterns and examination intervals in the PDS during
a 13-year period from 2001 to 2013 and the relationship between examinations and
treatment needs, and how examination intervals accorded with recommendations in other
countries.

Paper IV: To compare treatment measures provided on children and adults in the PDS at
national level in 2009. A further aim was to discuss the service profiles of adult patients
against findings from national clinical studies on oral health and treatment needs and other
relevant surveys.
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MATERIALS AND METHODS

Data collection

Papers | - 1l

Five PDS units in southern Finland using a specific electronic patient registration system
(WinHit, In Net OY; www.winhit.fi) were asked to participate in a longitudinal retrospective
register study. In 2001, the number of inhabitants in these PDS units’ catchment areas was
271,301 and in 2013, 320,055 (+15.2 %) persons.

Using personal unique identifiers, information on the patients (n=295,521), their dental
visits (n = 3,281,300), examinations (n = 702,662) and all other treatment measures provided
by dentists, dental hygienists and dental nurses in the years 2001-2013 were retrospectively
collected from the municipal databases. Individual sequence numbers were created to
replace the personal identifiers. For each year, the numbers of all patients that had at least
one visit to the PDS during that year, those who had visited and been examined and among
the examined, those in need of (basic) periodontal or caries treatment (CPI1>2, D +d>0)
were calculated (WHO 2013). Each individual’'s visits and examinations were separately
grouped by year and the time (in years) between visiting years and examination years was
counted. All these numbers were counted separately for the young (< 18 years), the working-
age adults (18-64 years) and the elderly (65+ years).

Paper IV

Register data on patients and treatment provided in the PDS in 2009 could be collected from
166 municipal databases (86%). The material included all persons that visited those PDS
units that year.

Methods

Papers | - lll

For analysis the children and adolescents were in Paper | grouped into three age categories:
0-6, 7-13 and 14-17 years. In Paper Il the age groups used were 18-39, 40-64 and 65+
years and in Paper Il 0-17, 18-64 and 65+ years. The items of treatment provided were
classified into 13 main treatment areas: clinical examinations including complementary
examinations (laboratory tests etc.), preventive care (instruction about oral hygiene, dietary
advice, fluoride varnish, fissure sealants etc.), periodontics, restorative care (permanent and
temporary fillings, crowns made of filing material), endodontics, treatment of
temporomandibular disorders (TMD), orthodontics, prosthetics, anesthesia (local
anesthesia, sedatives, nitrous oxide), emergency treatment, radiology, oral surgery and
other treatment (removal of sutures, local medications, certificates etc).

In papers | - Il, IV the treatment measures collected were converted into treatment time
(minutes, hours) using the average durations of the treatment measures as observed in a
recent study in Helsinki (Tarvonen 2012).

Paper IV
In this paper the treatment measures were classified into the same main treatment areas as
in the papers | — Il. The data were grouped by age (0-17, 18 — 64 and 65+ years), by
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geography, e.g. as Southern (including the Southern and Western parts of the country) and
Northern (including the Eastern and Northern parts of Finland).

Statistical Methods

Papers | - 1lI

Data editing, descriptive analyses and trend analyses were provided using the R 3.2
environment for statistical computing. The multi-level modelling procedures xtreg and xtlogit
were provided using Stata (StataCorp 2013) to study the differences in the odds of being
examined or being in need of treatment between age groups. Multi-level modelling was also
used to study the differences in examination intervals between the age groups.

To study possible trends in treatment need, in the interaction between treatment need and
preventive treatment provided and in the various treatment categories, the log-volumes of
categories were modelled as linear over time, allowing for correlated residuals (Chandler
and Scott 2011). Statistical significance was tested at the level of p<0.05.

Paper IV

In this paper data were processed using the SAS 9.3 software. Treatment patterns were
compared between age groups and geographical areas. Chi-square tests with Bonferroni
correction compared groups for multiple comparisons.

The approval to collect the data from the PDS units (Papers | - IV) was provided by the
National Institute for Health and Welfare (THL 1697284289204448) and permission to use
the local data in papers | - Il by the directors of health services in each of the five PDS units.
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RESULTS

Use of dental services and visiting patterns

Papers | - 1l
From 2001 to 2013, the number of visitors to the five PDS units participating in the
longitudinal study increased by 39.3% from 77,059 to 107,352 persons (Figure 1).
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Figure 2. Numbers of visitors to the five PDS units by age category and in total in 2001 -
2013.

Among the PDS-visitors, the proportion of the working aged increased by 55.5%, from
35,223 to 54,779 patients and that of the elderly by 506.1% from 2,154 to 13,056 patients.
The number of the young patients was stable throughout the study (Figure 1). In 2001, the
young made up 51.5%, the working aged 45.7% and the elderly 2.8% of the visitors. In 2013,
the corresponding shares were 36.8%, 51.0% and 12.2%.

Paper IV

In 2009 there were totally 1 704 226 patients in the PDS in Finland. The young made up
nationally 40.5%, the working-aged 49.4% and the elderly 10.1%.
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Examinations

Paper llI
The numbers and proportions of persons examined in the five PDS units participating in the

longitudinal study fluctuated during the study period. Of all visitors during the 13 years,
80.7% had had at least one examination. Almost all, 96.6% of the young, 71.2% of the
working aged, and 63.2% of the elderly had been examined (Figure 3).
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Figure 3. Proportion (%) of visitors to the five PDS -units who had had an oral examination
during the study period in 2001-2003 by age group and study year.
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Table 1. Trend analysis on the number of patients, those examined, and those in need of
treatment. Furthermore, on the interval between two examinations and between two years
with dental visits; separately for the three age categories (0-17 years, 18—64 years and 65+
years) in the five PDS units. (For the three separate age groups only statistically significant
findings are presented).

AgeCategory mu sd t p phi
Number of patients 0-17years 0.001 0.003 0.535 0.604 -0.385
Number of patients 18-64years 0.042 0.004 9.598 <0.001*** 0.246
Number of patients 65+years 0.153 0.032 4.821 <0.001*** 1.000
Number of examined patients 0-17years -0.011 0.002 -4.838 <0.0071*** 0.021
Number of examined patients 18-64years -0.038 0.011 -3.345 0.007** 0.568
Number of examined patients 65+years -0.004 0.035 -0.105 0918 1.000
Number of those examined in
need of treatment 0-17years -0.036 0.015 -2.470 0.031* 0.762
Number of those examined in
need of treatment 18-64years -0.008 0.012 -0.696 0.500 0.256
Number of those examined in
need of treatment 65+years 0.127 0.013 9.955 <0.001*** 0.174
Time to prevention vs. treatment
need
No treatment need 0-17years 0.090 0.053 1.682 0.121 1.000
No treatment need 18-64years 0.042 0.100 0.415 0.686 1.000
No treatment need 65+years 0.056 0.050 1.139 0.279 0.594
In need of treatment 0-17years 0.109 0.116 0.935 0.370 1.000
In need of treatment 18-64years 0.001 0.135 0.005 0.996 0.967
In need of treatment 65+years -0.089 0.154 -0.578 0.575 1.000
Examination interval 0-17years 0.038 0.022 1.719 0.116 1.000
Examination interval 18-64years 0.069 0.035 1.954 0.079 1.000
Examination interval 65+years 0.025 0.015 1.643 0.131 1.000
Visiting interval 0-17years 0.032 0.018 1.779 0.106 1.000
Visiting interval 18-64years 0.056 0.021 2.723 0.021* 1.000
Visiting interval 65+years 0.038 0.011 3.520 0.006* 1.000

mu proportional change (log) per year

sd Root Mean Square Error (RMSE), the standard deviation of the residuals (prediction errors)
t the t test statistic for null hypothesis of zero proportional change

p statistical significance

Phi correlation coefficient measures the strength of association between two variables

Trend analysis (Table 1) showed that the numbers of 18—64-year-old (p<0.001***) and 65+
year-old (p<0.001***) patients increased statistically significantly. The numbers of examined
decreased in all age groups, the trend was statistically significant among the 18-64 year-old
(p<0.001***) and the 65+ year-old (p<0.001***) patients. The number of patients needing
treatment decreased among the <18 years (p=0.031**) and among the 65+ year-olds
(p<0.001***). However, their share of those examined did not increase (Table1; Figure 4).
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Figure 4. The shares of the visitors (%) in need of treatment of those examined in the five
PDS-units by age group and study year.

A smaller number of visitors (183 children, 6,727 working aged adults and 1,805 elderly) had
not been examined although they had visited the PDS in at least three separate years (Paper

).

The cross-sectional study (Paper IV) in 2009 showed that the young (<18 years) was the
age group with most examinations (1,265 examinations per 1000 visitors). The working age
adults (18-64 years years) had 1,142 and the elderly had 1,175 examinations per 1000
visitors.

Examination intervals

Paper Il

Most examination intervals in the young (65.2%) and elderly (77.0%) were 1 year or less.
However, only half (49.5%) of the examination intervals in the 18 — 64 year olds were so
short. For them, examination intervals of three or more years were not unusual (21.2%)
(Figure 5). Examination and visiting intervals increased during study years 2001-2013 in all
age groups and among 18-64-year-olds (p=0.02*) and 65+ year-olds (p=0.005**) the
change was statistically significant (Table 1; Figure 5).
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Figure 5. Mean examination and visiting intervals in the five PDS units during the study
period in 2002-2013 by age group.

Treatment provided

Papers |, li

Altogether 2,488,805 treatment measures were provided for the young and 4,099,050
treatment measures for the adults during the 13-year study period in the five PDS units.
Examinations (613,753; 24.7%), orthodontics (499,033; 20.1%), preventive measures
(372,473, 15.0%), restorative treatment (355,325; 14.3%) and anaesthesia (199,974; 8.0%)
made up 82.0% of all treatment measures for the young during the entire study period
(Figure 6). For adults, the five most frequent treatment measures were restorative treatment
(968,772; 23.6%), examinations (658,394; 16.1%), radiology (529,875; 12.9%) anaesthesia
(521,169; 12.7%) and emergency treatment (348,229; 8.5%). They made up 73.8% of all
treatment measures provided (Figure 6, Figure 7).
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0-17 years @ Examinations 613,753

@ Orthodontics 499,033

O Preventive care 372,473

O Restorative treatment
355,325

B Anaesthesia 199,974

M Radiology 151,177

@ Other treatment 74,751

@ Rest of treatments combined
2,066,512

Figure 6. Treatment profile of children and adolescents <18 years old in the five PDS
units. All treatment measures provided during the study period in 2001-2013.

18+ years O Restorative treatment 968,772
@ Examinations 658,394

O Anaesthesia 535,347

M Radiology 516,788

O Emergency treatment 348,229
@ Periodontology 317,810

@ Endodontic treatment 229,112

@ Rest of treatments combined
524,598

Figure 7. Treatment profile of adult patients (18+ years) in the five PDS units. All treatment
measures were provided during the study period 2001-2013.
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Periodontal treatment (7.8%), prevention (3.9%) and endodontic (5.3%) made up a small
part of the adult care provided and prosthetics, treatment of TMD disorders and orthodontics
were extremely uncommon (less than 1%).

Paper |

The total number of treatment measures per 1,000 patients provided for the young (0-17
years) in the five PDS units increased by 16.8% from 4,560 in 2001 to 5,347 in 2013.
Examinations increased by 14.3% from 1,151 to 1,322, orthodontics by 16.9% from 944 to
1,109, preventive measures by 67.9% from 485 to 818, anesthesia by 47.7% from 297 to
440 respectively and restorative treatment decreased by -57.4% from 1,001 to 486
treatments per thousand patients (Figure 8).
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Figure 8. All treatment measures per 1,000 patients.

During the whole study period, 30.2% of children received orthodontic treatment, early and
late orthodontic care included.

In the trend analysis, there was an increasing trend (p=0.028*) in total annual treatment
measures per patient (Table 2). The increasing trends (Table 2) in examinations and
anaesthesia and the total number of treatment measures, as well as the decreasing trend in
restorative treatment were statistically highly significant (p<0.001***) for all the young.
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Table 2. Trend analysis on the number of treatment measures per patient in each treatment
category provided separately for the three age categories (0-17 years, 18—64 years and
65+ years) in the five PDS units. For the three age groups only statistically significant

categories are presented.

AgeCategory mu sd t p phi

All treatment measures 0-17years 0.011 0.004 2.523 0.028* 0.552
All treatment measures 18-64years 0.023 0.006 3.868 0.002** 0.621
Anaesthesia 0-17years 0.032 0.007 4.638 <0.001*** 0.375
Anaesthesia 18-64years 0.033 0.006 5.823 <0.001*** 0.516
Examinations 0-17years 0.012 0.002 5.129 <0.001*** 0.263
Oral surgery 18-64years 0.037 0.009 4.257 0.001** 0.788
Other treatment 18-64years 0.175 0.014 12.587 <0.001*** 0.005
Other treatment 65+years 0.183 0.024 7.765 8<0.001*** 0.183
Preventive care 18-64years -0.065 0.023 -2.833 0.016* 0.639
Preventive care 65+years -0.074 0.017 -3.949 0.002** 0.612
Radiology 18-64years 0.045 0.005 9.967 <0.001%** -0.094
Radiology 65+years 0.070 0.012 5.570 1<0.001*** 0.320
Restorative treatment 0-17years -0.056 0.010 -5.348 <0.001%*** 0.672
Treatment of temporomadibular

disorders 18-64years 0.051 0.006 8.129 <0.001*** 0.357
Treatment of temporomadibular

disorders 65+years 0.082 0.008 9.924 <0.001*** -0.355

Paper

The total number of treatment measures per 1,000 patients provided for adults in the five
PDS units increased by 32.9% from 5,373 to 7,142 among 18-64-year-olds and by 14.1%
from 5,872 to 6,700 among 65+ year-olds (Figure 8). Restorative treatment decreased by -
7.7% from 1,517 to 1,400 among 18-64-year-olds and by -1.8% from 1,575 to 1,548 among
65+ year-olds, preventive care by -51.8% from 292 to 141 among 18-64-year-olds and by -
60.3% from 659 to 262 among 65+ year-olds and prosthetics by -49.0% from 73 to 37 among
18-64-year-olds and by -61.3% from 355 to 138 among 65+ year-olds respectively.
Examinations increased by 27.0% from 921 to 1,169 among 18-64 year-olds and by 42.6%
from 865 to 1,233 among 65+ year-olds, radiology by 98.0% from 560 to 1,110 among 18-
64 year-olds and by 144.1% from 336 to 821 among 65+ year-olds, anaesthesia by 47.1%
from 694 to 1,021 among 18-64 year-olds and by 17.4% from 505 to 592 among 65+ year-
olds, emergency treatment by 127.9% from 253 to 577 among 18-64 year-olds and by 54.2
% from 340 to 525 among 65+ year-olds, periodontology by 5.65% from 495 to 523 among
18-64 year-olds and by 27.2 % from 468 to 594 among 65+ year-olds and endodontics by
55.6% from 255 to 397 among 18-64 year-olds and fluctuated between 192 and 286
treatments per 1,000 patients among 65+ year-olds.

A statistically significant increasing trend was found in all age groups ir regarding other
treatment and radiology and regarding treatment of temporomandibular disorders in ferthe
adult age groups (p< 0.001***) through the years. There was also an increasing trend in
anaesthesia among the 18—64-year-olds (p<0.001***) and in oral surgery among the 18-64-
year-olds (p=0.001**). There was a decreasing trend in preventive care among the 18—64-
year-olds (p=0.016*) and among the 65+ year olds (p=0.002**).
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Paper IV

The cross-sectional study (Paper V) in 2009 revealed 8.9 million treatment measures
provided on 1.7 million patients. The most common treatment categories were examinations
(including radiography), restorative treatments and anaesthesia, making up 61.3% of all
treatment measures. Preventive measures (8.4%) and periodontal treatments (6.3%) were
less common. Treatment of TMJ disorders and prosthetics were extremely rare in all age

categories.

For 1,000 young patients (<18 years) the most common treatment categories were 1,267
examinations, 1,007 orthodontic and 792 preventive and 554 restorative treatments. For the
working aged (18-64 years) there were 1,457 restorative, 1,142 examinations and 830
anaesthesia treatments. For the elderly (65+ years) there were 1,561 restorative, 1,142
examinations and 545 periodontal treatments (Table 3, Figure 9).

Table 3. Numbers of treatment measures in 2009 per 1000 treated patients by age group

and for each treatment category in the PDS in Finland.

Treatment category 0-17 years | 18-64 years | 65+ years
Examinations 1,265 1,142 1,175
Restorative treatment 554 1,457 1,561
Anaesthesia 333 830 482
Preventive care 792 193 218
Orthodontics 1,007 24 <1
Periodontics 130 455 545
Radiology 134 473 357
Oral surgery 166 327 417
Endodontics 45 328 196
Certificates 140 210 199
Other treatment 126 139 137
Treatment of TMJ 13 36 16
disorders

Prosthetics <1 27 102
All treatments 4,705 5,630 5,405
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Figure 9. Distribution of the treatment provided by age group and treatment category in
2009 per 1,000 treated patients in the PDS in Finland.
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Figure 10. Percentages of treatment measures by patient age group in 2009 per 1,000
treated patients and for each of the main treatment categories in the PDS in Finland.
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Maijority of the Finnish population lives in the south, consequently 77.9% of the treatment
measures provided for the young and 78.3% for the working aged were carried out in the
densly populated areas. The treatment profiles were similar in both regions studied. Among
the elderly, fewer restorative, anaesthesia and radiology treatment measures were provided
in the North than in the South.

A fifth (18.2%) of all treatment measures were provided by dental hygienists or dental
assistants: a third (29.7%) of all on children and adolescents, 11.1% on working aged and
14.1% on the elderly. Dental auxiliaries had provided 77.3% of the preventive, 63.4% of the
periodontal, 19.6% of the examinations and 13.6% of the orthodontic treatments. There were
no differences between Southern and Northern regions in all the above respects.

Treatment measures converted to treatment time

Paper |

Among children and adolescents, the differences between numbers of treatments and when
they were converted to treatment time, were not as extensive as among adults. The share
of anaesthesia decreased from 7.4% to 2.9% and radiology from 5.6% to 1.8%. Treatments
related to caries, restorative treatment (15.9%), examinations (23.2%), endodontics (1.9%)
and emergency treatment (3.0%) made up 43.9% of dental personnel’s treatment time. In
orthodontics, the share stayed at the same level, 18.4 and 18.3 (Figure 11).

Paper I

When the treatment measures provided for adults are converted into time, the share of
periodontics doubled from 7.8% to 15.2% and endodontics from 5.3% to 11.6% respectively.
The share of prosthetics tripled from 0.9% to 2.7% but remained low. Radiology decreased
from 12.9% to 3.2% and anesthesia from 12.7% to 4.2%. The share of restorative treatment
increased from 23.6% to 28.4%, preventive treatment from 3.9% to 4.8% respectively.
Treatments related to caries, restorative treatment (28.4%), examinations (12.8%),
endodontics (11.6%) and emergency treatment (9.2%) made up 62.0% of dental personnel’s
treatment time (Figure 11).
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0-17years

@ Examinations 7,242,071

@ Orthodontics 5,731,274

O Preventive care 5,392,794

O Restorative treatment
4,956,748

O Other treatment 976,760

O Emergency treatment 944,158

@ Anaesthesia 894,529

H Rest of treatments combined
2,564,410

Figure 11. Treatment profile of children and adolescents (<18 years) in the five PDS units.
All treatment measures provided were converted to treatment time during the study period
in 2001-2013.

18+years O Restorative treatment
15,152,828
@ Periodontology 8,101,672

@ Examinations 6,826,652

@ Endodontic treatment
6,176,065

O Emergency treatment
4,883,568

O Preventive care 2,551,343

O Anaesthesia 2,215,481

l Rest of treatments combined
3,660,101

Figure 12. Treatment profile of adults (18+ years) in the five PDS units. All treatment
measures provided converted to treatment time during the study period in 2001-2013.
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Paper IV
In the cross-sectional study in 2009 the share of anaesthesia and complementary

examinations (mostly radiology) halved when treatment measures were converted into time.
The share of endodontics doubled and the share of prosthetics tripled but remained low. The
shares of periodontics and restorative treatment increased slightly. Overall, there were not

great changes in the treatment patterns.

Average time spent on preventive care

More time for preventive treatment per patient was used among those not in need of
treatment compared with those in need of treatment.

Among children and adolescents there was a weak increasing trend from 2.5 minutes in 2001
to 7.6 minutes in 2013 (ns) among those not in need of treatment and from 1.4 minutes in
2001 to 5.2 minutes in 2013 (ns) among those in need of treatment. Among working age
adults, time for prevention increased only a little, from 2.0 minutes in 2001 to 3.3 minutes in
2013 (ns) among those not in need of treatment and among those in need of treatment, the
time spent fluctuated between 0.4 minutes in 2008-2009 and 2.8 minutes in 2004. Among
the elderly some more time for prevention was spent on those not in need of treatment, 2.7
minutes in 2001 to 6.7 minutes in 2013 (ns) and less time for those in need of treatment from
3.1 minutes in 2001 to 1.1 minutes in 2013 (ns) (Figure 13; Table 1.). These trends were,

however, not statistically significant.
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Figure 13. Average time used for preventive treatment measures (in minutes) in the five
PDS units for those in need and those with no need of basic caries and periodontal treatment

by age group during 2001-2013.

In the cross-sectional study the young were provided with almost four times more preventive
care (792 per 1,000 patients) than the working aged (193 per 1,000 patients) and the elderly

(218 per 1,000 patients).
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DISCUSSION

Main findings

The main findings in this thesis were: During the 13-year study period, the number of adults
who had visited the PDS increased, and the number of children and adolescents remained
stable. The share of working aged (18—64 years) adults among attenders increased from
46% to 51%, the share of elderly (65+ years) from three to 12% and the share of the young
(<18 years) fell from 51% to 37%. The proportions of those examined visitors declined in all
age categories, among the young from 83% to 75%, among the working-aged from 65% to
40 % and among the elderly from 50% to 48%. The share of those in need of treatment
among the examined decreased, among the young from 44% to 33%, among the working-
aged from 76% to 69% and among the elderly from 63% to 55%. An increasing trend was
detected for examination intervals; among the young and the elderly, the change was from
one year to eighteen months, among the working aged from one year and three months to
two years.

The clinical treatment provided for adults focused strongly on treating caries and its
consequences. Examinations, restorative treatment, endodontics and emergencies made
up half (53.5%) of all treatment measures and took 62.0% of the total treatment time of the
staff during the whole study period.

As regards treatment provided, the main findings among the young (< 18 years) were the
declining trends in restorative treatment and the increasing trends in the total numbers of
treatment measures and especially examinations, orthodontics and anesthesia.

In the national study in 2009, the treatment of the PDS concentrated on examinations on all
age groups, prevention and orthodontic treatment on the young and restorative treatment
on adults. Periodontal treatment and prosthetics on the adults were not in line with the great
treatment needs found in national epidemiological studies.

Methodological considerations

The studies in this thesis are based on materials from two populations. Papers | - 11l deal
with register data considering patients who had used public dental services in five
municipalities in southern Finland and Paper IV deals with register data covering the patients
who had visited the public dental services in all of Finland.

The longitudinal study (I — lll) evaluated the content and trends in treatment and the intervals
between treatment periods in 2001-2013. The content of treatment was investigated
nationally in 2009 in the PDS (IV) by the cross-sectional study, which consisted of a total
material. It was demanding to collect because the Finnish PDS units had many different
patient database systems. Measures based on health care administrative data often appeal
as they have been routinely recorded, and no additional investment is needed for data
collection, but in this study much effort was required for data cleansing and making each
PDS units” datasets comparable with each other. A strength of the longitudinal design in the
studies I-1ll was that it was possible to follow patients’ visiting patterns, treatment needs, and
treatment received for 13 years. Longitudinal studies of this type are rare in dentistry. Thus,
this thesis presents quite unique information on contents of oral health care.
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There are many advantages in using registry data for research. There are statutory rules
and protocols for the recordings and dental treatment codes used in patient documents in
Finland. Furthermore, recording of certain oral health indices (treatment needs) and all
treatment measures is mandatory in the PDS and part of each dentist’s salary is based on
the treatment measures provided. Data from the PDS records have been considered
generally reliable (Hausen 2001). Further, the data used in papers | - lll were collected from
each PDS unit's database backup by the same expert using the same script.

Still, there are some limitations in the study. The total number of Finnish PDS units is 133,
(Kuntaliitto 2020) most of them being small (< 5000 inhabitants). Because the PDS-units use
many different database systems and produce slightly different data, it is impossible to
compare the units without massive adjustments. Thus, for the longitudinal study five medium
sized or large PDS units in southern Finland were chosen using the same patient database
system. Although the number of the participating units was low they covered 5.3% in 2001
and 5.4% in 2013 of the total population in Finland and 11.8% in 2001 and 11.6% in 2013 of
the population in southern Finland.

The results in the longitudinal study (Papers | and Il) were in line with the results of the
nationally representative cross-sectional study (Paper IV) and indicate that the selected
PDS-units were not outliers among the Finnish PDS units. So, the results of the longitudinal
study can be considered generalizable to southern Finland and the results of the cross-
sectional study are representative of the whole country. A further limitation was that no
information on social background of the patients is recorded in the PDS register. Also, the
information collected on treatment needs and the indicators used were rather crude.
Erosions and attritions had to be excluded because recording them was quite random as
were coded diagnoses used by dentists. Despite the limitations, the data presented provide
a good overview of dental treatment provided and the trends in it over time.

Treatment needs presented in epidemiological studies do not take into consideration the
examined individuals’ own opinions and perceived needs or their dentists’ skills and
interests. A Swedish study in the early1990s revealed that adults in practice received
considerably more restorative and less prosthetic treatment than they needed according to
an epidemiological study (Wanman 1995). Grembovski et al. studied restorative therapy in
young adults in the US and found in a number of cases both over and under treatment in
relation to needs evaluation which were accounted for by both patient and dentist factors
(Grembowski et al.1997). Also in lIreland significant differences were found between
epidemiologically estimated needs and treatment provided for selected treatments. The gap
between estimated need and treatment received was greatest for less-well-off adults
(Guiney et al. 2012).

Treatment provided for adults in both the longitudinal and cross-sectional studies in this
thesis showed great discrepancies between treatment needs assessed by professionals in
nationally representative epidemiological studies (Vehkalahti et al.1991, Suominen-Taipale
et al. 2008, Koskinen et al. 2012), which can, however, not only be due to overestimation of
the true need for treatment by epidemiologists or patient preferences and choices but reflect
problems in the oral health care provision system.
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Discussion of the results

Use of dental services (Papers |- IV)

During the 13-year period, the population in the five PDS units’ up-take areas increased by
15.2%. This was mainly due to internal migration to southern Finland. The number of adults
visiting the PDS-units increased significantly. This was in accordance with the intentions of
the Oral Health Care Reform in 2001-2002 (Niiranen 2008). The number of working aged
patients increased considerably more than the number of the elderly patients. This was
probably partly due to the fact that in 2000, 44% and in 2011, 21% of the elderly were still
edentulous (Vehkalahti et al.1991, Suominen-Taipale et al. 2008, Koskinen et al. 2012).
Another explanation is that the well-off and dentate elderly who used private services at the
time when public services were not accessible probably preferred to continue visiting their
own dentists.

Itis also known that use of dental services among the elderly decreases with increasing age
and increasing numbers of general diseases (Nitschke 2015). This is true even in countries
where dental care is practically free (Schwendicke 2021). Knowing that, it would be
beneficial for oral health care to be active with the elderly and, for example, to organize
home visits by dental hygienists.

During the 13-year study period, most adults living in the local municipalities (77.5%) had
visited the PDS on some occasion. The legal obligation to organize emergency dental
services for all inhabitants in the PDS uptake-area was included in the Dental Care Reform;
this certainly explains a large part of the expanded use (Niiranen 2008, Nihtila 2016).

During the study period, the number of dentists in the participating five PDS units increased
by 61.4% and the number of auxiliaries by 267.9%. The increased personnel resources were
used in the treatment of adults only. It may seem that the increase in resources was rather
generous in the PDS units concerned. As most of the new recruitments were freshly
graduated and not very experienced and many or the new adult patients had had irregular
visiting patterns and great treatment needs (Nihtild 2016) treatment of adults was time
consuming. In addition, organizing emergency services for the population was a totally new
task for all personnel.

On national level, there has been a lack of personnel resources in the PDS for a long time.
The biggest lack of dentists was in 2006 when 13.2 % of all vacancies in the PDS were not
filled (SOTKA 2020). The lack of dentist workforce has been more severe in in eastern and
northern Finland. However, the treatment profiles were quite similar in both geographical
regions studied.

Examinations and need of treatment

Children

The longitudinal study (Paper Ill) showed that in the PDS the young were regularly recalled
and examined which was in line with international best practice guidelines (NICE 2004, ADA
2016). However, an increasing trend from 1 year to 1.5 years was detected in their
examination frequency. Children’s and adolescents’ examination intervals are by a
Government Degree set to certain ages and the whole age group should be examined
(Finnish Ministry of Social Affairs and Health, 2011). Maklin has noticed that examination
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routines vary greatly in the PDS units and many of them do examinations more often (Maklin
2021).

The percentage of those examined and in need of treatment declined during the study years
from 44.4% in 2001 to 33.2% in 2013. Due to obvious improvements in oral health the longer
examination intervals can be considered appropriate. Overall, children’s and youngster’s
recall practice followed the decades-old tradition of emphasizing children’s care as a core
function of the public dental services.

Dental care of children and youngsters is technically considerably easier than that of adults.
Although this study did not separate treatments provided by the different provider groups, it
can be stated, especially when considering the improvement of children’s oral health, that
more solidly established work division between personnel groups e.g. letting dental
hygienists and dental assistants do most of the work with the young would probably lead to
more effective health and economic results. Reaching adequate work-division would require
renewing the dentists’ salary incentives involving treatment. Taking out or transmitting the
dentists’ extra salary in treatment of the young to dental hygienists would facilitate the work-
division process.

Adults

It was obvious from the longitudinal study (Paper Ill) that adults’ dental care in the PDS was
implemented with a quite different idea than that of the young even though their treatment
need was much greater than that of the young. Adults were rarely examined and the trend
of longer examination intervals, from one year three months to two years three months
cannot be considered a positive development. Some PDS units in Finland recommend even
longer intervals, for example, the PDS in Helsinki recommends that “healthy adults” should
be examined by a dentist in every 4 to 5 years and visit a dental hygienist every 2 to 3 years
(Helsinki social and health care 2022). In 2009, 11% of the adults examined in the PDS of
Helsinki were put on a recall list of maximum 12 months, 56% of 24 months, 28% of 36
months and 5% of 37-60 months. According to Haukka the length of the individual recall
interval was associated with the values of the patients’ oral health indices DMFT, DT and
CPI, so that poor oral health reduced the recall interval (Haukka et al. 2020).

International best practice guidelines recommend examination intervals of maximum 24
months for healthy adults (NICE 2004). Interestingly, adults’ visiting intervals in the present
study were considerably shorter than examination intervals (indicating need of emergency
treatment) and the gap got wider towards the end of the study period. The situation was
apparently due, at least in part, to care guarantee legislation (Finnish Ministry of Social
Affairs and Health 2010). This obliges the PDS to begin a person’s treatment inside a given
time-limit; in dentistry, within six months from his or her initial contact with the clinic. In most
PDS units adults are not put on a recall list (like the young are) to ensure that “old patients”
do not block new patients’ admission which would result in paying fines for the PDS. This
cannot be considered sensible because the underlying problem is lack of resources and/or
inadequate use of the existing resources.
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Treatment provided

Children, papers |, llI, IV

Although the proportion of children in need of care decreased and so did restorative care,
the total number of treatment measures increased. The results of the longitudinal study
(Paper 1) show that orthodontic treatment measures increased by 16.9% although there has
been no change in the criteria for accessing free of charge orthodontic treatment in the PDS.
Pietilda has shown that there have been great differences between the PDS units nationwide
in how much resources have been devoted to orthodontics (Pietild 2010). It is likely that the
demand of orthodontics has increased at least in the wealthy southern parts of the country
where the study was conducted. Although in the cross-sectional study in 2009 children in
the northern part of Finland received slightly more orthodontic treatment. Nevertheless, the
proportion of children (30.2%) who, during the study period had received orthodontic
treatment, is in line with reports from the Scandinavian countries (Mohlin et al. 2007).

A positive development was the increase in anesthesia which reflects improved pain and
fear management.

Time devoted to prevention, enabling interaction between dental personnel and patients and
their caretakers made up only 18.8% of the total treatment time. The PDS has a long tradition
of treating children separately from their parents, which has obscured the responsibilities
between parents and health care. New means for interaction are needed to make parents
better aware of their role in children’s dental care but, on the other hand, dental personnel
should understand better the challenges families have.

British dentists have been shown to feel frustrated and isolated when trying to provide
preventive measures on high caries risk children due to difficulties related to the children,
their parents and their different social and cultural environments and educational
backgrounds, but also related to health policy and poor funding (Aljafari et al. 2015).

A worrying finding in this study was that the share of preventive treatment (including home
care advice and instructions) was generally lower among those in need of treatment than
those not in need of periodontal or restorative treatment. One reason may be the same as
the British study pointed out: children at risk of disease and their parents are difficult to
contact. Furthermore, a randomized trial conducted in Finland in the late 1990s showed that
the three-year caries increment among children with high caries risk was equal in those
having received very intense chair-side prevention and those who received the “lighter”
basic prevention only. The intensified prevention included, among other things, decisively
more fluoride varnish applications and sealants than the basic prevention. The conclusion
was that chairside preventive measures that increase the caries resistance of the teeth only
were insufficient to improve the caries situation. The authors stated that more active self-
care would have been more useful (Hausen 2000). Much attention was paid to the study
and dentists may consider preventive care less useful.

The fact that more preventive care was provided for those not in need of treatment raises
noteworthy ethical questions about targeting resources. Are the “at risk” patients being
neglected or is restorative treatment still regarded as “the final cure”? In Finland, the recently
(2018) published evidence-based guidelines for the prevention and management of caries
recommend, for caries active children and adolescents, advisory interventions to change
unfavourable behaviours, the use of fluoride toothpaste twice a day, fluoride varnish
application twice a year, fissure sealants and more specific measures under special
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circumstances (Working group appointed by the Finnish Medical Society Duodecim, the
Finnish Dental Society Apollonia 2009). A recent study of preventive routines in use in
children’s and adolescents’ dental care in the PDS in Norway showed that clinical practice
was “old-fashioned” and not in accordance with the newer evidence-based guidelines
(Widstrom et al. 2016). Obviously, dentists did not see prevention as their task and the fact
that they did not receive a fee for preventive treatment measures, reasonably supports this.
There may be a disjuncture in the roles and goals of the dental team. It would be expected
that dentists should value interactive prevention and would be working closely with dental
hygienists to ensure that patients’ health habits are guided effectively.

British studies have shown that financial incentives strongly influence dentists’ choice of
treatment (Niederman 2017). Treatments that could be provided quickly (and increased
earnings) were preferred before time consuming treatments (Tickle 2011).

According to Grytten, evidence supports the concept that health care providers respond to
monetary and nonmonetary rewards and that the design of an incentive program is crucial
also in dentistry in order to attain health gains for patients. He emphasizes a need
continuously to monitor the quality of services provided and the supervisory role of
authorities (Grytten 2017). Because it appears that each financing system has also adverse
side effects, there should be an individual incentive system for each care provider in relation
to quantity of treatment for patients and different aspects in quality of care (Grytten 2005).
Both public dentists’ salary incentive system and private dentists’ Sll imbursement system
are based on fee-for-service principle. Both are outdated and should be changed in the
coming years. It could be an idea to look after how medical doctor’s salaries are constructed
(Kunnallinen tydmarkkinalaitos 2020).

Adults, papers Il - I, IV

Restorative treatment dominated adults’ treatment at the expense of periodontal and
prosthetic treatment and preventive measures. In the national cross-sectional study children
and adolescents received almost four times more preventive measures than adults. The
national epidemiological studies (Vehkalahti et al.1991, Suominen-Taipale et al. 2008,
Koskinen et al. 2012) have shown that, in addition to caries, gingivitis and periodontitis and
great numbers of missing teeth even in anterior visible sectors are common in Finnish adults.
When compared with Danish and Swedish studies, this study found more restorative
treatment, less periodontal treatment and much less prosthetic treatment (Holt 2013,
Hugoson et al. 2005, Norderyd et al. 2015).

In the longitudinal study (Paper Il), periodontal treatment made up only 7.8% of all treatment
measures provided and 15.2% of the total treatment time. In the national cross-sectional
study (Paper V) periodontal treatment made up 6.3% of all treatment measures and 9.7%
of treatment time. It can be questioned, what is wrong with the basic training of dentists
when periodontal care was so under-represented, not only in the longitudinal but also in the
nationwide study. The prevalence of periodontal disease is high, especially in the older age
groups, according to population surveys. Most of the treatment for periodontology is
technically simple and maybe therefore restorative treatment is practiced more in dental
education. In the PDS, dentists also receive additional salary for periodontal treatment,
although a technically skilled dentist may gain considerably more from restorative treatment.
Rantahakala et al. showed that public dentists perceived their skills in periodontics weak,
partly due to lack of experience when having treated mostly young patients (Rantahakala
2012).
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It is, however, obvious from this study that both the dentists and dental hygienists need
further training in periodontics and that teamwork between the two professional groups
needs to be encouraged-

In the treatment of adults in particular, there has in Finland developed an ever-accelerating
desire of effectiveness and a new goal that patients should be treated with a single visit.
This paradigm is especially ill-suited to periodontal treatment and reflects the technicality of
dental practice. Patients with periodontal problems and bad home care habits should
therefore be treated separately from the “rapid treatment process”.

The share of prosthetic treatment provided in the longitudinal study was only 0.9% and 0.5%
in the national cross-sectional study of all treatments and this is not acceptable regarding
the needs of the population. Lack of appropriate prosthetic treatment options has led to
peculiar attempts to save teeth in poor condition using composite materials (Nihtila 2016). It
is as if prosthetics had been defined out of the treatment options available in the public
sector. Prosthetic treatment is expensive even in the public sector, as the patient has to pay
all the technical work in addition to PDS patient fees. This is likely to influence the demand.
Because the PDS has long been treating mainly younger persons, many dentists’ prosthetic
skills can be inadequate and need upskilling (Nihtila 2016). In addition, clinical dental
technicians make up a relatively large professional group in Finland, but they are not allowed
to provide partial dentures and full dentures are becoming unusual.

Preventive treatment measures were rare. Dentists probably did not see prevention as their
role which, given the fact that dental hygienists were employed in the services and the fact
that the dentists were not remunerated for this. Also, elsewhere poorly incentivized
prevention has resulted in low priority or neglect of the whole treatment (Tickle 2011)

Also among adults, those in need of periodontal or restorative treatment received less
preventive treatment (including home care advice) than those not in need of treatment.
Similar controversial findings were noticed in the UK where a study showed that adults
coming from poor areas were less likely to receive prevention in the form of instruction and
advice than adults coming from wealthier areas, pointing out a clear inverse social gradient
in relation to need. According to the authors, individual practitioner and patient attitudes to
the delivery and receipt of preventive care played a role here (Wanyonyi 2017). Also, in
Finland dentists and dental hygienists may prefer to treat those who are on the same
knowledge-level and wavelength with them.

The youngest adult age group in this study, the 18-39-year-olds (paper Il), had had access
to free comprehensive and prevention-oriented treatment in the PDS as children and youth
and they have been expected to be less in need for conservative treatment. Yet the study
suggested a clearly increasing trend in surgical treatment (p=0.001) and indicated slightly
increasing trends in emergency treatment (ns), and endodontics (ns) and decreasing trends
in restorative care (ns). This group also appeared to follow the same trend as the older age-
groups which were not offered recalls and regular care.

Of the other Nordic countries, especially Denmark and Sweden have invested more in adult
dental care for decades and among adults their oral health has improved more than in
Finland, and their socio-economical differences in oral health have been smaller than in
Finland (Bege Christensen et al 2021, Karvonen et al. 2017).

When this study started, there were no national best practice guidelines about clinical
treatments, and treatment was in the first place provided on basis of dentists’ and dental
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hygienists’ basic education and possible continuing education. A first best practice guideline
about treatment of wisdom teeth was published in 2008 (Working group appointed by the
Finnish Medical Society Duodecim, the Finnish Dental Society Apollonia 2008), a guideline
about treatment of caries in 2009 (Working group appointed by the Finnish Medical Society
Duodecim, the Finnish Dental Society Apollonia 2009).

and about periodontal treatment in 2010 (Working group appointed by the Finnish Medical
Society Duodecim, the Finnish Dental Society Apollonia 2010). National guidelines about
prosthetic treatment in 2013 (Working group appointed by the Finnish Medical Society
Duodecim, the Finnish Dental Society Apollonia 2013), about endodontic treatment in 2016
(Working group appointed by the Finnish Medical Society Duodecim, the Finnish Dental
Society Apollonia 2016) and about restorative therapy in 2018 (Working group appointed
by the Finnish Medical Society Duodecim, the Finnish Dental Society Apollonia 2018) were
published after the materials for this study were collected. It is also well-known that the mere
publication of best practice guidelines does not mean that they are read and come into use
without education, leadership and follow-up (Sipild and Lommi 2014). Here the local HC and
PDS unit leaders have a central role.

In a national register study comparison of the treatment patterns of adults in the PDS and
private sector showed differences. In the public sector more effort went to examinations and
emergency care than in the private sector where more traditional, comprehensive care was
provided including prosthetics (Widstrém and Linden 2018). It is well known also from other
countries that socio-economically disadvantaged adults and persons with low education use
in the first-place public dental services and the well-educated and wealthier persons choose
private services. Public clinics put more emphasis on the extraction of teeth and less
emphasis on preventive and maintenance care when adults are treated (Brennan et al.
2008, Piriene et al. 2008, Palvarinne et al. 2019).

For adults, the public sector provided considerably more examinations and clearly more
surgical treatment measures than the private sector in Finland. One explanation is that the
PDS has responsibility for emergency care for the whole population, provided high numbers
of emergency examinations. On the other hand, the Sll reimbursed only one examination
per patient per year in the private sector. Periodontal treatment was two times more common
in the private sector than in the public sector. However, the overall amount of periodontal
treatment was low in both sectors, also among the elderly, where the periodontal treatment
need is most common.

Both sectors provided relatively few preventive treatment measures for adults, especially
when taking into consideration that treatment by dental hygienists was included in the data
and it is well known that adults’ oral health habits are not good (Vehkalahti et al.1991,
Suominen-Taipale et al. 2008, Koskinen et al. 2012, Widstrom and Linden 2008).

General discussion

At present, about 15% of the 5,300 dentists are specialists. About 50% of them work in the
private sector, 30% in HCs and 16% in hospitals (Rellmann 2016). The dental specialties in
Finland are diagnostics (radiology, oral pathology), clinical dentistry (emphasis on
periodontology, endodontics and cariology, pedodontics or prosthetics), orthodontics, oral
and maxillofacial surgery and health care (administration). The biggest group of specialists
are orthodontists and 69% of them work in the PDS. Around 31% of clinical specialists and
18% of oral and maxillofacial surgeons work in HCs (Suomen Hammaslaakariliitto 2019).
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A recent study estimated that 30% of dental patients currently lack the specialist care they
would need (Rellmann 2016). The problem has been the lack of specialization positions and
trainers. Specialist training should be increased in all existing specialties, with the greatest
need for specialists in clinical dentistry in the PDS.

When comparing the situation with the general medicine, a significant proportion, about 80%
of doctors specialize. Even in the HC, a large proportion of permanently employed medical
doctors are licensed medical specialists in general practice. Their contribution as
consultants for young doctors and in the treatment of demanding patients in multidisciplinary
teams is important for the quality of care. The results of this thesis show that treatment of
adults, was one-sided and concentrated on restorative treatment. More specialists would
guarantee a broader selection of treatments.

During the study period, national steering of the public dental services was information-
based. Lack of proper governmental steering by legally binding orders and budget
management enabled the larger municipalities with large private sectors to invest the
minimal resources in the public dental services. Implementing a big change in the working
conditions of the public dental service personnel like the removal of the age restrictions in
2002 was, would have required firm leadership from the local leaders of the HC and the
PDS. The PDS chief dentists often had to divide their working hours between clinical and
leadership tasks. Thus, their touch was more a fellow colleague dentist than a boss, but at
the same time they were responsible for the implementation of new standards and radical
changes in the local PDS units. They were put in a difficult position because their personnel
did not support actions giving them more work and more difficult patients (Alestalo 2015).

After 2013, according to statistical information, adults’ use of dental services on country level
decreased from 2006 to 2016, mostly due to a decrease in the use of services in the private
sector, where the Sll imbursement cutbacks increased patient costs (Tervola et al. 2021).
Between 2013 and 2017, the subsidy of private (basic) services was cut from 32.1% to
15.4% (Linden and Nolvi 2019). From 2012 to 2017, the attendance rate of adults (20+
years) decreased from 25.1% to 22.8% in the private sector (Vehkalahti et al. 2021).

From 2014 to 2019, DMFT—index of the 12-year-olds examined decreased from 1.2 to 0.9
and the percentage of children with DMFT=0 increased from 55.0% to 61.3%. This means
that the beneficial progress in children’s oral health has continued through 2000’s. The
coverage of children’s dental care in the PDS did not change during 2013-2019. The use of
public dental services by the working aged increased slightly from 26.7% to 28.3% and by
the elderly from 22.1% to 26.5% (SOTKA 2022).

The poor quality of adult dental care in the PDS as regards adults’ long examination intervals
and lack of recalls pointed out in this study has been observed even in other PDS units
(Nihtila 2016) and it is not likely that the operational practices have changed, the resources
have been approximately the same since 2013. A few studies have been published of the
quality of clinical procedures in Finland. Thus, a study found that using rubber dam during
endodontic treatment was documented only in 28.9% of the treatments. It was used more
frequently by salaried dentists in the PDS (43.9%) than by private dentists (9.9%) working
for fee for service. Working length measurement of the root canal was documented for
72.9% of the root canal therapies and again more frequently by PDS (85.2%) than by private
dentists (57.4%). The study indicated that the quality of endodontic treatment was not very
good (Leinonen and Vehkalahti 2021). Another study found that almost half of bitewing
images (44.1%) were not of acceptable quality. Most usual challenges were in projection
position and chemical quality (Hyvonen et al. 2021). A recent study in the PDS in the city of
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Espoo noted that of all diagnoses recorded during 2010-2012 caries accounted for 40.1%
and periodontal diseases only for 9.7%. Overall, there was great variability in recording
diagnosis codes (Kallio et al. 2020). Apparently, the electronic patient records should have
a feature which obliges the professional to choose a diagnosis for the treatment of the patient
to ensure diagnoses to be used (Lehto et al. 2021).

Obviously, there is a great need for further education of the dental personnel to improve the
quality of care. More systematic quality evaluation is necessary in the PDS when Finland
introduces the new health care organizations. During recent years, big oral health care
corporations in the private sector have been purchasing high numbers of independent
practices and they prepare for the future by arranging consistent steering and quality
systems (Siipola 2016).

No major new national acts regarding dental care except guidelines on how to treat patients
during the covid-19 pandemic have been given after 2013. Nor have any bigger changes
happened in the PDS. The health care field has been expecting the new reform moving the
responsibility of organizing social and health care from municipalities to bigger health care
districts that has been impending for more than ten years.

However, during the covid-19 pandemic, a large debt for care has been incurred, not just
beyond in general health care but also in oral health care and the public services have
become even more crowded than before (Mikkola 2020). The crowding brought about by
the covid-19 pandemic also is a sign of multi-level problems throughout the public dental
service system.
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CONCLUSIONS AND RECOMMENDATIONS

In conclusion, this thesis adds to the sparse, previously published literature on dental
treatment provided in general and especially in a longitudinal perspective. The study reveals
a continuing need for collecting transparent and reliable registry-based information on the
clinical activities in order to ensure that patients benefit from treatments they receive and
that the care providers work cost-efficiently. Careful consideration should be given to the
contents of the information and building appropriate database systems which ensure correct
routine recording of health and treatment information. However, data recording should be
smooth and economical. The time of professionals should not be wasted on recording
information that cannot or will not be used.

Over the 13 years a significant increasing trend was found in working aged-adults’
examination intervals and tooth extractions and a decreasing trend in preventive care for all
adults indicating worsening quality. Although more than ten years had passed since the Oral
Health Care Reform opening the PDS services for the 46-year-olds and older, the type of
adult care has not changed from emergency and filling therapy towards prevention and
maintenance care as could have been expected especially when comparing with the totally
different service pattern for children and youngsters in the same organization.

This thesis raises an important question about what can be done to get past the current
pattern in adult dental care which concentrates on filling therapy at the expense of
periodontal and prosthetic treatment and preventive measures. This oral care patch mode
was in use especially in the PDS and was in notable contrast to the care pattern of the young
characterized by regular examinations and comprehensive care. Besides a probable need
for additional manpower or a need for increased productivity and teamwork there might be
other reasons for the dominance of restorative treatment e.g. that so little evidence-based
information was used as a basis for treatment. Periodontal status was seldom properly
examined because recording of it is more complicated and time consuming than using the
traditional CPI —index (Nomura et al. 2016). Best Practice Guidelines in dentistry are poorly
followed and used in treatment compared with general medicine. Restorative treatment is
technical, and dentists are good at providing complex restorations, but they did not offer
prosthetic crowns, which in many cases would have increased the durability of the treatment
considerably. Adults were not covered by the internationally highly recommended recall
system and regular care as were the young. Many PDS units had problems with new patients
and their accumulated treatment needs.

Overall, there has been little political pressure to look at the quality and performance of adult
dental care. The five aspects that characterize appropriate general health care presented in
the introduction: evidence-based care, clinical expertise, patient centeredness, sensible
resource use, and equity were clearly not fulfilled in adult dental care in the PDS (Robertson-
Preidler et al. 2017).

The fact that the staff of officers and employees and political decision makers in the local
municipalities obviously do not understand the oral health care needs of adults, indicates
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that oral health is still less valued and not belonging in the concept of general health in the
health care service system and therefore does not get the same attention. This may suggest
a need for advocacy to understand oral health problems and the impacts thereof and thus a
greater need for prevention and treatment (including prosthetics) to be placed in the agenda
of the broader health structures.

Changing ingrained paradigms requires that the management and quality development of
the PDS organizations keep abreast of the change and strikes at it. In this respect, the
challenge passes to the new health district organizations that will start running the public
dental services in 2023.

There is a continuing need for collecting registry-based information on the clinical activities
in order to ensure that patients benefit from treatments they receive and that the care
providers work cost-efficiently. For example, the welfare districts should run continuing
evaluation of treatment measures, examination intervals and the overall performance of
PDS units providing care for patients of all ages.

New ideas, methods and incentives are needed in health promotion to improve the oral
health habits of the Finnish population to the same level than the rest of the European Union.

More specialists are needed to guarantee quality in patients’ advanced treatment.
Specialists are most needed in providing care and as team leaders in periodontology and
prosthetics where the greatest gaps are between treatment needs according to national
surveys and treatment provided.

Public dentists’ salary incentive system and private dentists’ Sll imbursement system are
based on fee-for-service principle. Both are outdated and should be renewed.

Obviously, more resources are needed in public oral health care to ensure adequate recall
system for adult patients.

For future research, an interesting question is to study children’s needs in orthodontics and
cost-efficiency of the treatment provided.
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