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Abstract 

Lien Nguyen. Dental Service Utilization, Dental Health Production and Equity 
in Dental Care: the Finnish Experience. STAKES, Research Report 173. Helsinki, 
Finland 2008. ISBN 978-951-33-2085-0

This thesis is grounded on four articles. Article I examines the factors affecting 
dental service utilization and the role of supply factors in the utilization process. 
Article II studies the factors associated with sector-specific utilization among those 
entitled to age-based subsidized dental care. Article III explores the determinants 
of dental ill-health as measured by the occurrence of caries and the relationship 
between dental ill-health and dental care use. Article IV measures and explains 
income-related inequality in utilization. Data employed were from the 1996 
Finnish Health Care Survey (I, II, IV) and the 1997 follow-up study included in 
the longitudinal study of the Northern Finland 1966 Birth Cohort with additional 
information relating to the past (III). The context for the estimation of utilization 
models is the regulated and segmented Finnish dental care market. Utilization is 
theoretically considered as a multi-stage decision-making process and empirically 
measured as the number of visits to the dentist. Modified count data models and 
concentration and horizontal equity indices were applied.

Dentist’s recall appeared very efficient at stimulating individuals to seek 
care. Dental pain, recall, and the low number of missing teeth positively affected 
utilization. Public subvention for dental care did not seem to affect utilization. 
Among young adults, a perception of insufficient public availability and recall 
were positively associated with the choice of a private dentist, whereas income 
and dentist density were positively associated with the number of visits to private 
dentists. Among cohort females, factors increasing caries were body mass index and 
intake of alcohol, sugar, and soft drinks and those reducing caries were birth weight 
and adolescent school achievement. Among cohort males, caries was positively 
related to the metropolitan residence and negatively related to healthy diet and 
education. Smoking increased caries, whereas regular teeth brushing, regular 
dental attendance and dental care use decreased caries. We found equity in young 
adults’ utilization but pro-rich inequity in the total number of visits to all dentists 
and in the probability of visiting a dentist for the whole sample. For the latter, two 
main factors related to the pro-rich distributions of use were income and recall. We 
observed inequity in the total number of visits to the dentist and in the probability 
of visiting a dentist, being pro-poor for public care but pro-rich for private care. 

The findings suggest that to enhance equal access to and use of dental care 
across population and income groups, attention should focus on supply factors 
and incentives to encourage people to contact dentists more often. Lowering co-
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payments and service fees and improving public availability would likely increase 
service use in both sectors. To attain favorable oral health, appropriate policies 
aimed at improving dental health education and reducing the detrimental effects 
of common risk factors on dental health should be strengthened. Providing equal 
access with respect to need for all people ought to take account of the segmentation 
of the service system, with its two parallel delivery systems and different supplier 
incentives to patients and dentists.

Keywords: Demand, utilization, dental care, choice of sector, dental health, health 
production function, equality, equity, count data, Finland 
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Abstract in Finnish

Lien Nguyen. Dental Service Utilization, Dental Health Production and Equity 
in Dental Care: the Finnish Experience [Hammashuoltopalvelujen käyttö, 
suunterveyden tuotanto ja oikeudenmukaisuus hammashuoltopalvelujen käytössä: 
suomalainen kokemus]. Stakes, Research Report 173. Helsinki, Finland 2008. 
ISBN 978-951-33-2085-0

Tämä väitöskirja perustuu neljään artikkeliin. Artikkelissa I käsitellään hammas-
huoltopalvelujen käyttöön vaikuttavia tekijöitä ja tarjontatekijöiden roolia käyttö-
prosessissa. Artikkelissa II tarkastellaan tekijöitä, jotka liittyvät sektorikohtaiseen 
palvelujen käyttöön julkisesti tuetun hammashuollon piiriin oikeutettujen keskuu-
dessa. Artikkelissa III tutkitaan tekijöitä, jotka määrittelevät huonon suuntervey-
den sekä sen ja hammashuoltopalvelujen käytön välistä suhdetta. Huonon suun-
terveyden mittarina on käytetty karieksen esiintymistä. Artikkelissa IV arvioidaan 
ja selitetään tuloihin liittyvää eriarvoisuutta hammashuoltopalvelujen käytössä. 
Tutkimusaineistoina käytettiin vuoden 1996 terveydenhuollon väestötutkimuk-
sen aineistoa (I, II, IV) ja Pohjois-Suomessa vuonna 1966 syntyneiden pitkittäis-
tutkimukseen sisältyvää vuoden 1997 seurantatutkimusta sekä lisäinformaatiota 
kohorttijäsenten menneisyydestä (III). Tutkimusaineistoja täydennettiin erilaisil-
la rekisteritiedoilla. Hammashuoltopalvelujen käyttöä tarkasteltiin teoreettisesti 
monivaiheisena päätöksentekoprosessina ja empiirisesti mitattuna hammaslääkä-
rissä käyntimääränä. Käyttömalleja estimoitiin kontekstissa, joka oli suomalaiset 
säädellyt ja segmentoituneet hammashuollon markkinat. Analyysissä sovellettiin 
modifioituja count data -malleja ja eriarvoisuutta kuvaavia mittareita.

Hammaslääkärin kutsu näytti olevan hyvin tehokas innostamaan ihmisiä ha-
keutumaan hoitoon. Hammassärky, kutsukäytäntö ja alhainen puuttuvien ham-
paiden määrä vaikuttivat lisäävästi hammaslääkäripalvelujen käyttöön. Hammas-
hoidon julkinen subventio ei näyttänyt vaikuttavan palvelujen käyttöön. Julkisesti 
tuetun hammashuollon piiriin oikeutettujen keskuudessa vastaajien näkemys jul-
kisten hammashuoltopalvelujen tarjonnan riittämättömyydestä ja kutsukäytäntö 
vaikuttivat myönteisesti yksityisen hammaslääkärin valintaan, kun taas vastaaji-
en tulot ja hammaslääkäritiheys vaikuttivat lisäävästi yksityisessä hammaslääkä-
rissä käyntien määrään. Runsas alkoholin, virvoitusjuomien ja sokeroidun kahvin 
tai teen käyttö, korkea painoindeksi, alhainen syntymäpaino ja huono peruskou-
lumenestys lisäsivät kohorttinaisilla karieksen esiintymistä. Kohorttimiehillä ka-
ries liittyi erityisesti pääkaupunkiseudulla asumiseen, huonoon koulutukseen ja 
epäterveelliseen ruokavalioon. Heillä lisäävä koulutus näytti vähentävän karieksen 
esiintymistä. Kaikilla kohorttijäsenillä tupakointi altisti hampaita reikiintymiselle. 
Hammaslääkäripalvelujen käyttö, säännölliset tarkastukset ja hampaiden harjaa-
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minen vähintään kahdesti päivässä vähensivät kariesta merkittävästi. Tarvevakioi-
tu hammaslääkäripalvelujen kokonaiskäyttö ja hammaslääkärin hoitoon hakeutu-
minen oli suurempaa suurituloisilla ja erityisesti yksityisellä sektorilla. Julkisella 
sektorilla kolme tarvevakioitua käytön mittaria (kokonaiskäyttö, hoitoon hakeutu-
minen ja käyntimäärä) olivat pienituloisilla suurempia kuin hyvätuloisilla. Nuor-
ten aikuisten keskuudessa nämä kolme tarvevakioitua käytön mittaria jakautui-
vat tasaisesti. Suurituloisia suosiva eriarvoisuus sekä kokonaiskäytössä että hoitoon 
hakeutumisessa johtui ennen kaikkea tulotasosta ja kutsumenettelystä. 

Tulokset viittaavat siihen, ettei tasa-arvoa eri väestöryhmien ja tuloluokit-
taisten ihmisten hammashoidon käytössä edistetä, jollei samalla tarkata tarjonta-
puoleen liittyviä tekijöitä ja kannustimia, jotka motivoivat ihmisiä hakeutumaan 
useammin hammaslääkärin hoitoon. Palvelu- ja asiakasmaksujen alentaminen ja 
julkisten hammashoitopalvelujen saatavuuden parantaminen lisäisi todennäköi-
sesti palvelujen käyttöä molemmilla sektoreilla. Suotuisan suunterveyden saavut-
taminen tarvitsisi tueksi toimia, jotka lisäisivät suun terveyskasvatusta ja vähentäi-
sivät yleisten riskitekijöiden haitallisia vaikutuksia. Koko väestön tarpeenmukaisen 
tasa-arvoisen hoitoon pääsyn toteuttamiseksi olisi kiinnitettävä huomiota palvelu-
järjestelmän segmentoitumiseen sen sisältäessä kaksi rinnakkaista hoitosektoria ja 
erilaisia tarjoajakannustimia potilaille ja hammaslääkäreille.

Avainsanat: kysyntä, käyttö, hammashuolto, sektorivalinta, suunterveys, terveyden 
tuotantofunktio, eriarvoisuus, oikeudenmukaisuus, count data, Suomi
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Abstract in Swedish

Lien Nguyen. Dental Service Utilization, Dental Health Production and Equity in 
Dental Care: the Finnish Experience [Utnyttjande av tandvårdstjänster, produktion 
av munhälsa och rättvisa vid utnyttjandet av tandvårdstjänster: erfarenheten från 
Finland]. Stakes, Research Report 173. Helsinki, Finland 2008. 
ISBN 978-951-33-2085-0

Denna dissertation grundar sig på fyra artiklar. I artikel I behandlas faktorer som 
påverkar utnyttjandet av tandvårdstjänster och utbudsfaktorernas roll i utnyttjan-
deprocessen. I artikel II granskas de faktorer som är förknippade med sektorspeci-
fikt utnyttjande av tjänster bland dem som är berättigade att ta del av den offentligt 
subventionerade tandvården. I artikel III studeras de faktorer som avgör förhållan-
det mellan dålig munhälsa och utnyttjandet av tandvårdstjänster. Som ett mått på 
dålig munhälsa användes förekomsten av karies. I artikel IV uppskattas och förkla-
ras den inkomstrelaterade ojämlikheten vid utnyttjadet av tandvårdstjänster. Som 
forskningsmaterial användes material från hälso- och sjukvårdens befolkningsun-
dersökning från år 1996 (I, II, IV) och den uppföljningsstudie som ingick i den lon-
gitudinella studien av år 1966 i norra Finland födda samt tilläggsinformation om 
kohortmedlemmarnas förflutna (III). Forskningsmaterialet kompletterades med 
olika registeruppgifter. Utnyttjandet av tandvårdstjänster granskades teoretiskt 
som en beslutsprocess i många steg och mättes empiriskt som antalet tandläkarbe-
sök. Kontexten för estimeringen av utnyttjandemodellerna var den finländska reg-
lerade och segmenterade tandvårdsmarknaden. I analysen tillämpades modifiera-
de count data-modeller och mätare för beskrivning av ojämlikhet.

En kallelse från tandläkaren visade sig vara ett mycket effektiv sätt att upp-
muntra människor att uppsöka vård. Tandvärk, kallelsepraxis och lågt antal sakna-
de tänder ökade utnyttjandet av tandläkartjänster. Den offentliga subventionen av 
tandvården verkade inte påverka utnyttjandet av tjänsterna. Bland dem som var be-
rättigade till offentligt subventionerad tandvård påverkades valet av privat tandlä-
kare positivt av de svarandes uppfattning att utbudet av offentliga tandvårdstjäns-
ter var otillräckligt och kallelsepraxisen bristande, medan de svarandes inkomster 
och tandläkartäthet i sin tur ökade antalet tandläkarbesök inom den privata sek-
torn. Hos kvinnorna i kohorten ökade förekomsten av karies med rikligt bruk av 
alkohol, läskedrycker och socker i kaffe eller te, högt viktindex, låg födelsevikt och 
dålig framgång i grundskolan. Hos männen i kohorten hade karies samband särs-
kilt med boende i huvudstadsregionen, dålig utbildning och ohälsosam kost. Bland 
dem visade sig ökad utbildning minska förekomsten av karies. Bland alla kohort-
medlemmar ökade rökning tändernas mottaglighet för karies. Utnyttjande av 
tandläkartjänster, regelbundna undersökningar och tandborstning minst två gån-
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ger om dagen minskade förekomsten av karies märkbart. Det behovsstandardise-
rade totala utnyttjandet av tandläkartjänster var större och besöken hos tandläkare 
för behandling var fler bland höginkomsttagare och särskilt inom den privata sek-
torn. Inom den offentliga sektorn uppvisade tre mått på behovsstandardiserat ut-
nyttjande (totalt utnyttjande, uppsökande av vård och antalet besök) högre värden 
bland låginkomsttagare än bland höginkomsttagare. Bland unga vuxna fördelade 
sig dessa tre mått på behovsstandardiserat utnyttjande jämnt. Den ojämlikhet som 
gynnade höginkomsttagarna både i fråga om totalt utnyttjande och uppsökande av 
vård berodde framför allt på inkomstnivån och kallelseförfarandet. 

Resultaten pekar på att jämlikheten mellan olika befolkningsgrupper och in-
komstklasser när det gäller utnyttjandet av tandvården inte främjas om man in-
te på utbudssidan samtidigt ger akt på de faktorer och incitament som motiverar 
människorna att oftare söka sig till tandvården. En sänkning av service- och kun-
davgifterna och en förbättring av tillgången på offentliga tandvårdstjänster skul-
le sannolikt öka utnyttjandet av tjänsterna inom vardera sektorn. För att uppnå 
en gynnsam munhälsa behövs stöd av åtgärder som ökar hälsofostran beträffan-
de munhälsa och minskar skadeverkningarna från allmänna riskfaktorer. För att ge 
hela befolkningen möjlighet till en behövlig, jämlik vård borde man uppmärksam-
ma servicesystemets segmentering, eftersom det innehåller två parallella vårdsek-
torer och olika leverantörsincitament för patienter och tandläkare.

Nyckelord: efterfrågan, utnyttjande, tandvård, sektorsval, munhälsa, hälsoproduk-
tion, ojämlikhet, rättvisa, count data, Finland
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1 Background

Dental health is ultimately the main objective and product of dental care. With 
the development of the theory of human capital, the economic approach to the 
demand for dental health and dental care has considered the demand for dental care 
as being derived from the demand for dental health (Grossman 1972a; Grossman 
2000; Grossman 1972b). Both individuals and service providers can substantially 
influence demand for and utilization of dental care (Parkin and Yule 1988). Since 
the primary goal of dentistry is to produce good dental health, improvement in 
dental health is an important indicator of the overall performance of the dental care 
system. Changes in dental health have an impact on the demand for and utilization 
of dental services. In turn, utilization also has an influence back on dental health. 

Equity in access to health care has been explicitly endorsed as one of the 
central objectives in the policy documents of many states of the Organization 
for Economic Cooperation and Development (Hurst and Jee-Hughes 2001; van 
Doorslaer et al. 1993). Likewise in Finland, equal access to health care has been 
traditionally pursued through health policy for the last three decades (Ministry of 
Social Affairs and Health 1989). A yardstick often used in international comparisons 
is the principle of horizontal equity. According to this principle, people in equal 
need of health care ought to be treated equally, irrespective of characteristics such 
as income, place of residence and social background. 

Finland has a mixed dental care system with two parallel delivery systems: 
the public (municipal) sector and the private sector. Constrained resources have 
imposed limitations upon the public sector’s supply of dental services. Although 
public subsidies cover services provided by both sectors, these have different 
remuneration systems with differences in cost sharing by patients. Both delivery 
systems have indeed offered more choice for those demanding dental care. 
However, they have also created barriers and provider-offered incentives related to 
dental care use, such as an uneven distribution across regions in the country of the 
sector-specific supply of dental care (Arinen et al. 1998; Widström et al. 1997) and 
the inducement posed by recalls typically practiced by private dentists in Finland 
(Sintonen 1986; Sintonen and Maljanen 1995). In addition, until 2000 both access 
to public dental care and entitlement to National Health Insurance reimbursement 
of private dental costs only covered, as per statute, young adults. The presence of 
different payment systems along with the public sector’s restricted resources and 
the limited access to publicly subsidized dental care has generated a self-selection 
mechanism that has led to segmentation of the service system. The public sector has 
served children, adolescents, young adults and those worse off, whereas the private 
sector has served the middle-aged, elderly and those better off. These factors may 
have had implications for socioeconomic equity in dental care utilization.
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A large body of research has identified the factors affecting dental care 
utilization and especially the importance of income and dental insurance in the 
demand for and utilization of dental services (see e.g. Álvarez and Delgado 2002; 
Grönqvist 2004; Olsson 1999; Sintonen and Linnosmaa 2000; Stoyanova 2004; 
Suominen-Taipale 2000). Since the studies of the early 1990s (Arinen 1992; Arinen 
and Sintonen 1994; Sintonen and Maljanen 1995), there has been no further 
research that explores the factors affecting dental care utilization and the choice of 
service sectors as a decision-making process of utilization in Finland. The dental 
care markets have changed toward segmentation with the sectors having been 
opted for by different clienteles. The age eligible for publicly subsidized dental care 
has been extended through changes in health policy. This has not only affected 
both public and private provision but has also underlined more the role of the 
private sector in the provision of dental care in Finland (Mikkola et al. 2007). 
The young have had a lower need for care owing to general improvements in oral 
health, whereas the middle-aged and the elderly have still been in high need of care 
relating to specialized dental care and prosthetic devices (Suominen-Taipale et al. 
2004). As the process has taken time, the implied changes would call for research 
that provides a relatively newer picture of and information on utilization and sector 
choices in dental care. Likewise, other than the Rand Health Insurance Study (Bailit 
et al. 1985) that examined the relationship between dental insurance and oral 
health, no studies have investigated whether dental care use has an impact on the 
oral health status of individuals. Some international studies have used European 
Community Household Panel data from 1996 and 2000 to explore income-related 
inequality in the use of dental services in several European countries, including 
Finland (Koolman and van Doorslaer 2004; van Doorslaer and Masseria 2004). 
However, no study has looked into income-related inequality in the use of dental 
services using Finnish data or has examined that inequality by service sector. 

This thesis investigates the factors affecting dental service utilization and 
income-related inequality in the use of dental services in Finland. It estimates 
several models of the use of dental services that treat the decision-making process 
of utilization as a multi-stage process. It examines the factors affecting oral health, 
allowing not only dental care utilization but also those variables influencing 
utilization to have impacts on oral health. The empirical analyses are based on 
samples draw from the 1996 Finnish Health Care Survey and the 1997 follow-up 
study, the latter of which was included in the longitudinal study of the Northern 
Finland 1966 Birth Cohort study. This thesis gives more insight into the relationship 
between oral health and dental care utilization as well as the association between 
oral health and education over the life cycle. In addition to an understanding of the 
use of dental services in a dual-channel financed health care system, the thesis also 
contributes to understanding how income-related inequality in the use of dental 
services are related to the specific characteristics of the Finnish dental care system.



20

2  The Finnish institutional context

Research Report 173 
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

2 The Finnish institutional   
 context 

2.1 The dental care system

Local authorities (municipalities) are responsible for arranging health care services 
for their residents. In general, legislation does not regulate in much detail the range 
of services and the means of organizing them. This is often left to the discretion of 
the municipalities, who organize and arrange the services according to their own 
resources and their population’s need. Primary health care is mainly provided in 
public health centers operated by municipalities or federations of municipalities. 
The private health care system supplements the municipal system. Oral health 
services are provided by both private and public dental sectors. The latter also 
includes a small and separate segment encompassing student oral health care and 
army dental clinics. 

Municipal health services are financed by state grants, municipal income taxes, 
and user charges. Private health services are partly reimbursed by the National 
Health Insurance (hereafter NHI). The state participates in the financing of 
services by paying a general, non-earmarked lump-sum grant to the municipalities 
according to certain need criteria.1 State revenues are collected from progressive 
direct income taxes and indirect taxes. Municipal income tax is a flat rate, which 
varies across municipalities. The NHI is financed by contributions from employers, 
the insured, and the state (Järvelin 2002). The state, municipalities, NHI, and 
households contributed 24%, 38%, 14%, and 20% respectively to the financing 
of the total health care expenditure in 1996. Private health insurance roughly 
accounted for 2% of that overall financing.

In 1996, children and adolescents up to their 19th birthday received public 
dental care free of charge. The municipalities were obliged by law to provide dental 
care to those born in 1956 or later. These adults were entitled to municipal dental 
care at subsidized fees, but they could also use private dentist services and then 
claim a reimbursement from the NHI. Due to differences in size and resources of 
the municipal health centers, their capacity to provide dental services also varied. 
While access to municipal dental care was rather universal in rural areas and small 
towns, it was restricted in urban areas and big cities. About 20% of the population 
lived in municipalities where health centers provided dental services for the whole 

1 During 1993–1996, the grant payable to a municipality for the running costs of municipal health 
services depended on its financial capacity, age structure, mortality, population density, and land area 
(Häkkinen and Järvelin 2004). Since 1997, the criteria for the grant have been the age structure and the 
number of disability pensions. In addition to health care, municipalities’ revenues and state grants are also 
allocated to other services such as education and social services. 
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population in 1996; most of those municipalities were quite small, with a few or 
no private practitioners (Widström et al. 1997). As such, entitlement to subsidized 
dental care and to NHI reimbursements for basic treatments given by private 
dentists was confined to the population groups above-mentioned but adults’ access 
to public dental care also varied considerably between municipalities. As a result, a 
significant proportion of the adult population was excluded from public care, and 
they had to pay all the costs of private dental services. 

The user fees of public dental services have been determined by regulation. 
The public health centers charge dental services at fixed user fees. The central 
government gives recommendations on maximum user fees for dental services, but 
each municipality determines its own user fees. The NHI reimburses 60% of private 
dentist’s fees according to its own fixed tariff schedule endorsed by the Ministry of 
Social Affairs and Health. Prices for private dental services have not been regulated 
since the beginning of 1993 (Arinen et al. 1998). Therefore, in practice fees charged 
by private dentists for their services are actually higher than the NHI basic tariffs set 
for the same services. There is no private dental insurance. In 1996, the dentist to 
population ratio was 1:1098 and overall, half of the dentists practiced in the public 
service sector (Valgaama 2003). User charges contributed 62% to the total oral 
health care financing, while the municipalities (including state grants) contributed 
30% and the NHI 8% (Social Insurance Institution 2000). The main features of the 
Finnish dental care system in 1996 are summarized in Table 1.

TABlE 1. Main features of the Finnish dental care system in 1996

Feature Public dental system Private dental system

Patient group
Age 0–1� years
Age 1�–40 years

Age 41+ years

World War II veterans

People with certain diseases

Free of charge, priority care
Eligible for subsidized dental 
care

Subsidized dental care in 
some small municipalites

Subsidized dental care

Subsidized dental care

�0% NHI subsidya (0% for 
orthodontics and 
prosthetics), in effect ��–
40% reimbursement

All dental fees paid by users

�0–100% NHI subsidya

�0% NHI subsidya for some 
selected treatments

Attribute of dental care
Cost

Availability

Dentist’s payment system

Dentist’s recall

Share of visits to dentistsc

Cheaper than private dental 
care, low user fees

Restricted capacity, yet good 
in some rural areas

Monthly salaryb

To those under 1� years

ca. 40%

Always more expensive than 
public dental care, high co-
payments

Good in urban areas and 
highly populated centers

Fixed fee-for-service basis

To adult clients

ca. �0%

a  Based on the National Health Insurance (NHI) own fixed tariffs for treatments and procedures 
provided by private dentists. Some private dental services are not compensated at all.
b  20–�0% of their remuneration is comprised of fees for services.
c  Visits to dentists were made by those aged at least 1� years (Manderbacka et al. 200�).
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2.2 Oral health and the development of   
 dental care provision 

The development of the supply of dental services in Finland since the 1950s until 
2000 can be considered to rest on several main cornerstones. All along, top priority 
has always been given to children and adolescents. The School Dental Care Act 
(1957) stated that publicly financed school dental care should be systematically 
arranged for first-graders for a ten year period (Jyväskylä City 1995). In 1972, the 
implementation of the Primary Health Care Act enabled children aged 0–16 years 
to receive municipal dental care free of charge. In 1986, a direct subsidy scheme 
for dental care was introduced to young adults born in 1961 or later (age 17–25 
years). These were eligible for municipal dental care at subsidized fees and for 
the NHI reimbursements for private dentist services. In 1990, the statutory age 
concerning the use of subsidized dental care in both sectors extended eligibility to 
people born in 1956 or later (age 18–34 years) (for more details, see Nordblad et 
al. 2004). The public subsidy scheme for these young people was—via a reduction 
in dental costs—meant to improve access to dental care in both sectors measured 
as a higher likelihood of having a dental visit and to increase the amount of dental 
care consumed.

For children aged under 17, high priority has been set for oral health education 
and preventive dental care by means of check-ups. In the 1980s, they were annually 
recalled for a check-up visit to health center dentists. Since the 1990s, a need-based 
individual care interval has been applied. Currently, every child has an individual 
recall interval for preventive dental care depending on own oral health status. 
However, recall is expected to take place at least once every two years (Nordblad et 
al. 2004). 

Fluoride treatment was tested and given to pupils in the 1960s (Jyväskylä 
City 1995), and since then the use of fluoride-containing toothpaste has become 
common. Between 1976 and 1996, the proportion of the 12-year old children 
without dental caries increased from 1% to 35%, whereas the DMFT-index 
(describing the mean number of decayed, missing or filled teeth) decreased from 
6.7 to 1.2 and regional differences in their oral health have diminished (Nordblad 
et al. 2004). The percentage of edentulous people among those aged at least 15 
years decreased from 22% (Nyman 1980) to 14% (Arinen et al. 1998). The dentist 
to population ratio almost doubled between 1965 and 1996 (Valgaama 2003). 
During the period 1987–1996, the share of total health care expenditure spent 
on oral health care shrank from 6% to 5.5%, while the out-of-pocket payments 
contributed by households to the oral health care financing rose from 59% to 62% 
(Social Insurance Institution 2000).2 At the same time, the share of visits to health 
center dentists made by those aged at least 18 years increased from 30% to 38%, 

2 The fact was that the consumer prices for health care rose at a higher rate than general consumer 
prices (Arinen et al. 1998).
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whereas the share of visits to private-sector dentists of this age group decreased 
from 66% to 57% (Manderbacka et al. 2006). However, among individuals that had 
at least one visit to the dentist, the proportion of those being recalled by the dentist 
increased from 28% to 39%.3

3  The figures were my own calculations using the Finnish Health Care Surveys of 1987 and 1996 
(Arinen et al. 1998).
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3 Basic approaches to studying  
 demand for and equity in   
 dental care

One review in dental economics exists that deals with the demand for and 
utilization of dental care (Sintonen and Linnosmaa 2000), while another looks at 
issues relating to equity in health care financing and delivery (Wagstaff and Van 
Doorslaer 2000). Since these fundamental issues are thoroughly discussed in the 
reviews, here we only briefly present the essential literature and the main economic 
approaches considered in our study.

3.1 Demand for and utilization of dental care

In the earlier literature on the demand for dental care, no distinction was made 
between a dental care service and a typical market good. Being treated like any 
other market commodity, the consumption of dental care was defined within the 
framework of traditional neoclassical consumer theory (Andersen and Benham 
1970; Feldstein 1973). In a model outlined by Becker (1965) in his theory of the 
allocation of time, households are assumed not only to consume goods and services 
but also to produce them. By using their own time and market goods, households 
produce basic commodities from which they derive utility. The utility related to 
a market good is thus dependent upon the time allocated to the consumption of 
that good. Hence, in addition to the traditional income budget constraint, utility 
maximization should also take into account both time resources and appropriate 
production technologies. 

Using Becker’s household production approach to build up a model of the 
demand for health, as regards dental health here, Grossman comprehended that 
consumers do not demand dental care (as applied here) per se, but rather dental 
health for their well-being (Grossman 1972a; Grossman 1972b; Grossman 2000). 
The demand for dental care is derived from the demand for dental health. The 
consumers combine their time and market commodities as inputs to produce 
their own dental health. Dental health is considered to have the same properties 
as durable capital stock that directly enters the utility function together with other 
market goods consumed by individuals. An individual’s initial stock of oral health 
depreciates over time, but it can be increased by investments in dental care. Dental 
care services are sought because of their potential for preventing the depletion 
of good oral health and improving oral health. The individual’s stocks of other 
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human capital, particularly stock of knowledge or education are assumed to affect 
the efficiency of the oral health production process. On the constraint side, income 
basically determines the set of feasible choices between dental care and other goods. 
Grossman’s demand theory has traditionally been applied on the demand side in 
the analysis of dental care utilization.

Among theories applied to the supply side that can influence the demand 
for and utilization of dental care, supply inducement and rationing are generally 
drawn upon (Cooper 1975; Evans 1974). As argued by Arrow (1963), health 
care is different from other goods and services in important respects. Due to 
the incomplete and asymmetric information generally prevailing in dental care 
markets, patients are usually not aware of the kinds of treatment, the quality of care 
and the optimal amount of care services needed when they demand dental care. By 
acting as imperfect agents, dentists can influence patients’ consumption of their 
services. At a given fixed price, they reduce demand by shifting the demand curve 
to the left (rationing) or induce demand by shifting the demand curve to the right 
(SID, supplier-induced demand). SID is defined to be anything that a patient who 
has perfect information and knowledge would not demand but that the physician 
orders for him/her (Ryan and Mooney 1992). Owing to the lack of theoretical 
models and problems in empirical analyses of SID, no consensus within the 
literature of health economics has been reached for the SID hypothesis (see Labelle 
et al. 1994; Sintonen and Linnosmaa 2000). However, efforts to test the existence 
of SID in dentistry have traditionally relied on the positive correlation between 
individual utilization of dental care and the dentist to population ratio (Grytten et 
al. 1993; Grytten et al. 1990; Manning and Phelps 1979; Mueller and Monheit 1988; 
Olsson 1999). Another hypothesis on SID—physicians’ target income—states that 
physicians create more demand to maintain their income levels as a response to an 
increase in the supply of physicians in unregulated markets (Evans 1974). 

Studying the existence of SID in a fee-regulated dental market where dentist 
fee-for-services are used, Birch (1988) assumed that a rise in the number of dentists 
leads to a fall in time price and thus in the total shadow price of a dentist service. 
This in turn brings about an increase in the demand for dental care. As there is an 
increase in both the number of visits to dentists per capita and the average content 
of treatment per visit, a positive correlation between those two variables is sufficient 
but not necessary evidence for the existence of SID in the fee-regulated dental 
market environment (Birch 1988). Measuring supplier inducement, Sintonen and 
Maljanen (1995) distinguished individual inducement and general inducement. 
The former, being defined as the probability of being recalled by the dentist, aims 
to directly affect certain patient-consumers in Finland. The latter occurs through 
strong, continual, and systematic efforts made by Finnish dental authorities and 
associations and individual suppliers that aim to persuade people to adopt a regular 
pattern of visiting a dentist. These forms of inducement were also examined in 
another Finnish empirical study (Arinen et al. 1991).
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The use of dental services depends on the out-of-pocket price faced by the 
patient. Other factors unique to dentistry that have impacts upon demand for 
dental services are third party payment schemes and public subsidy schemes. 
Third-party payers of dental services make use of the traditional insurance cost-
sharing mechanisms of deductible and coinsurance. Consumers are responsible 
for the payment of a deductible (a fixed amount of money) and/or coinsurance 
(an amount based on a percentage of costs). Cost sharing is expected to exert an 
influence on the quantity of the health care services consumed (Chalkley and 
Robinson 1997). A cost-sharing mechanism in dentistry also somewhat controls 
patient demand for dental services and/or consumer moral hazard. Coverage levels 
of dental insurance are assumed to affect the amount and the mix of care services 
consumed. The Rand Health Insurance Study in the USA, where the organization 
of dental service production and insurance are mostly private, showed that there 
was a negative correlation between the consumption of dental services and the 
percentage of the costs patients paid for their dental services (Manning et al. 1985). 
In addition, those in the no-user-charge plan had better periodontal health and 
fewer decayed teeth than did those in the cost-sharing plans (Bailit et al. 1985). 
Owing to the presence of insurance, the structure of demand was also found to 
change toward more expensive dental services (Mueller and Monheit 1988) (for a 
review of the impact of dental insurance on the demand for dental services in the 
USA, see Bendall 1995). 

With the aim of improving adults’ access to dental care, public subvention has 
been used to lower cost barriers in the Nordic countries. In Sweden, public dental 
insurance, launched in 1974 and ended in 1998, was found to simultaneously 
improve oral health and boost the market of expensive dental services (Widström 
and Barenthin 1997). In Denmark, a new, observed utilization pattern was 
associated with the provision of dental services to adults insured under the 
Danish Health Insurance system during the period 1975–1990 (Schwarz 1996).4 
That new utilization pattern, consisting predominantly of diagnostic/preventive 
dental services, replaced the previous pattern, which contained predominantly 
restoration/extraction treatments. In Finland, the introduction of a direct price-
subsidy scheme for dental care in 1986 resulted in a higher tendency among young 
adults to seek care (Arinen et al. 1991). However, in Norway no effect of subsidized 
dental care on young men’s utilization was found (Grytten et al. 1996).

4 As a matter of fact, the result could be considered as to reflect the overall improvement in oral 
health among Danish adults (Schwarz 1996).
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3.2 Equity in the delivery of health care

In terms of health care utilization, two dimensions of equity are identified (Culyer 
and Wagstaff 1993).5 Vertical equity requires the appropriately unequal treatment 
of individuals having different degrees of treatment need. Horizontal equity is 
concerned with the equal treatment for individuals in equal need of treatment. 
There are three main principles of equity commonly discussed: equal access to 
health care for those in equal need of health care, equal utilization of health care 
for those in equal need of health care, and equal health outcomes (Culyer 2001; 
Mooney 1983). Equal access for equal need involves conditions whereby those in 
equal need have equal opportunities to access health care. This would mean that 
those who face the same costs when consuming health care also have equal access 
to health care. Equal utilization for equal need entails conditions whereby those 
who have an equal need of health care make a similar use of health care. Equality 
of health as a goal would set numerous restrictions on the ways people want to live 
their lives. Variations in health outcomes arise from many factors other than the 
receipt of health care. 

According to Culyer and Wagstaff (1993), equality of access does not necessarily 
lead to the achievement of equality of health or to allocation of health care according 
to need. Mooney (1983) argues that access is merely a question of supply, while 
utilization depends on both supply and demand. Individual utilization of health 
care is possibly affected by many factors that are not connected to health care per 
se but shape individuals’ demand for health care. Those factors can be incentives, 
prejudices, preferences, and personal perceptions on benefits associated with the 
treatment. The last one in part depends on the extent to which people value their 
health. Hence, the interaction between supply and demand, which depends on 
characteristics of both patient-consumers and health care providers, results in 
variations in treatment.

In the literature on health economics, equal access to health care for equal 
need (especially the principle of equal opportunity) seems to be of more interest 
(Goddard and Smith 2001; le Grand 1982; Mooney 1983; Mooney et al. 1991; 
Mooney et al. 1992; Oliver and Mossialos 2004) than equal utilization of health 
care for equal need (e.g. Culyer et al. 1992; O’ Donnell and Propper 1991). The 
principle of equal utilization does not account for acceptable reasons (e.g. 
differences in lifestyle preferences) for unequal use of health care. On the contrary, 
the principle of equal access allows for acceptable reasons (e.g. different individual 
preferences) why those in equal need with equal opportunities to access to health 
care may not equally use those opportunities (Oliver and Mossialos 2004). At a 
practical level, the health policy on equity of most health care systems is normally 
also defined in terms of access rather than in terms of utilization. However, at the 

5 Because dental care is only one type of health care, theoretical and empirical issues are introduced 
here in terms of health care rather than dental care. 
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level of monitoring and measuring equity, measurement has been concentrated 
much more on utilization of health care. Because it is easier to observe utilization 
than access, utilization is often used as a proxy for access in most empirical research 
on equity of access to health care (Goddard and Smith 2001; Oliver and Mossialos 
2004).

There are several definitions for access to and need for health care. Access 
to health care is characterized as receipt of treatment (Tobin 1970), meaning 
utilization of health care. Access is also considered in terms of money and time costs 
incurred in obtaining health care (le Grand 1991; Mooney 1983), and further as the 
maximum attainable level of consumption of health care given the individual’s 
income and the time and money prices she/he faces (Olsen and Rodgers 1991). 
Need for health care is defined as health status or ill-health (Culyer and Wagstaff 
1993), capacity to benefit from medical care (Culyer 1976; Williams 1974; Williams 
1978), and the minimum amount of resources required to exhaust the capacity to 
benefit from health care (Culyer and Wagstaff 1993). 

3.3 Empirical and econometric specifications

Utilization of health care

The utilization of health care is considered as a process consisting of a patient-
initiated stage and a physician-generated stage (Stoddar and Morris 1981). Demand 
is the initial stage of the utilization process where the patient as the sole actor 
determines the demand for health care. Utilization refers to the entire process, i.e. 
the sum of both stages, being the amount of care received as a result of decisions 
jointly made by the patient and the physician. If the agency relationship is perfect, 
then demand and utilization are identical.   

A measure of health care utilization such as the number of visits to a physician 
or a dentist over a given period of time typically observed in survey data is a discrete 
and non-negative integer-valued count. Containing a large proportion of zeros, 
the distribution of that dependent variable is usually skewed to the left and has a 
long right-hand tail. Characteristically, a large majority of respondents reported 
no or few visits and only a very small proportion reported a high number of visits. 
The discrete nature of the dependent variable calls for the application of count 
data models (e.g. Poisson). However, zero counts and positive counts in survey 
data on health care utilization are generally considered to come from different 
distributions of visits. The zeros are not missing but true zeros, and the actual level 
of use of medical services is the primary interest for prediction purposes (Duan 
et al. 1984). A high number of zeros reflects the role of the individual’s decision 
about not seeking care and this choice (the binary outcome of the count being zero 
or positive) may be governed by a different process than the process determining 
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the number of visits (the positive counts) once the individual gets into a treatment 
(Mullahy 1986; Rosenqvist et al. 1995). 

The general form of hurdle count regression models for modeling 
overdispersion or underdispersion of the data was provided by Mullahy (1986).6 
Having applied two-part models for individual utilization of health care, recent 
empirical research has stressed the two-stage character of the decision-making 
process of utilization (see e.g. Grootendorst 1995; Pohlmeier and Ulrich 1995). 
The view was already recognized as the principal–agent relationship between the 
physician and the patient (Zweifel 1981). That is, once the individual has decided 
to visit a physician (contact or care seeking decision), it is up to the physician to 
determine the intensity of treatment (frequency decision). The two-part model 
assumes that two separate probability processes generate the contact and frequency 
decisions involved in the utilization process. Therefore, the two different stages 
of the two-part model can be estimated separately: the first part with a binary 
process (logit or probit) and the second part with a truncated-at-zero count model. 
The two-part model has recently been applied to model the utilization of medical 
services including dental services (see Cameron and Trivedi 1998; Jones 2000 for a 
general review of count and modified count data models and applications to health 
care utilization, and Álvarez and Delgado 2002; Sintonen and Linnosmaa 2000; 
Stoyanova 2004 for a review and applications to dental care utilization). 

An alternative model commonly used to model health care utilization is the 
latent class model (Deb and Trivedi 1997; Deb and Trivedi 2002; Gerdtham 2001). 
This is argued to be a better framework than the two-part model. It is considered 
that the division between non-users and users of care is less adequate than the 
distinction between infrequent (or low) users and frequent (or high) users because 
the difference between the last two types of users is affected by health status, 
lifestyle choice, attitudes toward health risk, and personal perceptions (Deb and 
Trivedi 1997; Deb and Trivedi 2002). In the latent class framework, individuals are 
drawn from a finite number of latent classes; each latent class represents one type 
of individuals, while heterogeneity is accommodated within it. The performance 
of the two alternative models in empirical studies on health care utilization with 
cross-sectional individual data is not clear; one performs better than the other in 
some cases (Jímenez-Martin et al. 2002; Winkelmann 2004). The latent class model 
is also applied to panel data (Bago d’Uva 2005). Moreover, a single, extended model 
specified in a panel data context that combines both features of the hurdle model 
and the latent class one is introduced (Bago d’Uva 2006). 

6 The hurdle model has an interpretation as a two-part model. Overdispersion and underdispersion 
are considered as resulting from a misspecification of the maintained parent data generating process. In this 
process, the relative probabilities of zero and positive realizations implied by the parent distribution are not 
supported by the data (Mullahy 1986). 
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Measures of equality and equity

Most states belonging to the Organization for Economic Cooperation and 
Development (OECD) to a greater extent finance essential health care services 
from public sources (Docteur and Oxley 2003). Their governments are committed 
to ensuring that their citizens have equal access to good quality health care (Hurst 
and Jee-Hughes 2001; van Doorslaer et al. 1993). Many health care systems thus 
endorse the principle of equity as a key objective that health care services ought to 
be allocated on the basis of need and not on willingness or ability to pay7.  

In international comparisons of health care delivery in different health care 
systems, most empirical research has focused on the issue of horizontal equity 
(van Doorslaer and Wagstaff 1992; van Doorslaer et al. 2000; van Doorslaer et al. 
2004). As introduced above, this is interpreted to mean that those in equal need of 
health care ought to be treated equally irrespective of other characteristics. Since 
systematic differences exist in the treatment of those with similar needs but of 
different income levels exist, violations of the principle of horizontal equity have 
been mostly accounted for in terms of income (Wagstaff and Van Doorslaer 2000; 
van Doorslaer et al. 2000). When addressing the magnitude of inequity in health 
care that is systematically related to income, one can also identify what particular 
features of a certain health care system seem to have contributed to different 
outcomes. This approach uses the utilization of health care to explore equity in 
health care. 

The effects of the distributions of income on the consumption of a market 
good are often measured by the concentration index (Lerman and Yitzhaki 1989; 
Shorrocks 1983). This has been developed to construct the so-called horizontal 
equity index to measure the effects of the distributions of income on health care 
in terms of financing and utilization, taking into account the need for health care 
(Gravell 2003; Kakwani et al. 1997; Wagstaff et al. 1991; Wagstaff and van Doorslaer 
2000; Wagstaff et al. 2003; van Doorslaer et al. 2000; van Doorslaer et al. 2004). 
Applying this approach to investigate inequity implies that use of health care 
should be affected by need variables but not by non-need variables. Inequality in 
use is viewed as different amounts of health care being used by different individuals. 
Horizontal inequity in use is regarded as the use of health care that is affected by 
non-need variables.

7 Willingness to pay is inevitably based on ability to pay, which in turns reflects the existing 
distribution of income and wealth. 
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4 Specific aims and themes of   
 the study

4.1 Aims of the study

The objectives of this study are to empirically examine the factors affecting the 
utilization of dental care among adult Finns, the effect of the public subsidy scheme 
on utilization, the factors associated with dental ill-health, and the relationship 
between dental ill-health and use of dental care, as well as the extent of horizontal 
equity in utilization. By means of four specific studies, this thesis seeks to answer 
the following questions:8 
i) How do adult Finns use dental services and what is the impact of public 

subsidization on the utilization of dental services? How does the decision 
to seek dental care take place under the influence of the provider-offered 
incentive of recalling? (I) 

ii) Which factors influence the choice of whether to seek dental care, the choice of 
a public/private dentist and the consumption of sector-specific dental services 
among those entitled to subsidized dental care on the basis of age? (II)

iii) Do lifestyle choices, dental health behavior, and socioeconomic variables have 
effects on dental ill-health measured as the occurrence of caries? Is there a 
connection between dental ill-health and use of dental care? (III)

iv) Is the equity objective of dental care policy in terms of utilization of dentist 
services achieved? Which factors are associated with equity or inequity in the 
use of dentist services? (IV)

4.2 Themes of the study

Utilization of dental services

The theoretical model developed by Grossman (1972b) and the previous empirical 
applications (Hay et al. 1982; Holtmann and Olsen 1976; Pedersen and Petersen 
1980) were focused on the individuals’ demand for dental care under perfect 
information and certainty. Informational asymmetries prevail in dentistry, for 
example, with respect to the prevalence and the nature of oral disease, the choice 
of treatment, and the frequency of dental visits. This implies that the role of the 
supplier is quite important in the demand process. 

8 Hereafter, in explanations the article is referred to simply by the number. 
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The reviewed international evidence on the effects of dental insurance, for 
example, in the USA is not directly relevant to the provision of dental care in 
Finland. The public and private health service sectors in Finland neither coordinate 
their activities nor are they real competitors to each other (Järvelin 2002). The 
NHI reimbursement rate schedule and recommended user fees for dental services 
charged by the municipal health centers are fixed. Price competition among 
private dental care providers has been very modest in the 1990s and the early 2000s 
(Mikkola et al. 2005; Pekurinen 1998). This reflects the fact that ethical issues and 
practices set up by dentists’ professional associations have generally restrained 
competition. However, the different payment systems of the dental sectors with 
differences in cost sharing by patients have provided a provider-offered incentive 
to encourage regular dental attendance among patient-consumers. Evidence for 
inducement has been found based on dentists’ recall in Finland (Maljanen 1983; 
Murtomaa et al. 1994; Sintonen 1986; Sintonen and Maljanen 1995). Generally 
aimed at dentate people, the recall of adult clients for regular check-ups is a typical 
form of inducement mainly practiced by private practitioners in Finland. Recall 
was also found to have an impact on an individual’s decision to contact a dentist 
in Sweden (Hugoson et al. 1995) and Norway (Grytten 1991; Grytten et al. 1996), 
where the dental care systems closely resemble that of Finland (Widström and Aaton 
1999). The active role of the dentist by means of recall, while being very efficient 
at stimulating individuals to contact the dentist, also imposes a methodological 
question on how the demand model could take into account its impact on an 
individual’s decision to seek care.

Empirical research has identified and discussed the factors that are important 
to an economic analysis of the demand for dental care (Álvarez and Delgado 2002; 
Sintonen and Linnosmaa 2000; Stoyanova 2004; Yule and Parkin 1985). It has been 
shown that the utilization of dental services is related to factors like money and 
time prices, dental insurance, income, oral health indicators, level of education, 
age, and supply of dentists per capita. In article I, we explored the factors affecting 
utilization of dentist services and the role of supply factors in the utilization 
process. We applied a theoretical model outlined by Sintonen and Maljanen (1995) 
that was based on the theory of demand for health and dental care (Cooper 1975; 
Evans 1974; Grossman 1972b; Hay et al. 1982; Keeler et al. 1977; Parkin and Yule 
1988). We modeled utilization as a process involving two decisions: one on seeking 
care from a dentist taking into account endogeneity caused by dentist’s recall and 
another on the frequency of use. This study was expected to contribute to improved 
identification and measurement of provider and demander behavior and especially 
the role of the supply factors affecting the use of dental services.
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Choice of dental sector and sector-specific utilization

In examining demand for dental care, there are several features of the market to 
be taken into account. Dental care is a product that has a multi-attribute nature. 
Information is imperfect. Public interventions, government regulation, and dentists’ 
ethical practices are extensive. These measures generally affect competition and 
the availability of services. As regards dental care in Finland, the market is a two-
segment market with each segment having specific characteristics (Table 1). In 
the face of the two-segment dental service market under imperfect information, 
consumers have to make decisions among alternatives. In situations where the 
number of dimensions of choices increases, some decisions have to be made at the 
same time.

Waiting lists are often used to allocate dental care in the municipal sector. 
In comparison with municipal dental care, private care gives a care consumer a 
choice over timing and thus possible avoidance of those waiting lists. It allows 
the consumer a choice of suppliers and a choice of location and provides a larger 
range of care services and possibly greater information. As per statute, the specific 
age group (19–40 years in 1996) had an entitlement to subsidized dental care and 
to NHI subsidies for private dentists’ treatments at the same time. However, in 
practice the availability and other market-related reasons (see Table 1) have often 
affected the choice of which sector to use for dental care. On the demand side, the 
young generally have little need for dental care. Those fitting the age criterion of 
the statute have attended health center dentists since their childhood. As they have 
experienced municipal dental care, they may not have considered private dental 
care. Some will certainly not have undertaken a detailed comparison between the 
expected utility related to the two prospects of care (public and private). 

Lipscomb and Douglass (1982) introduce a political economic theory of the 
dental care market, having capitalized on several theoretical constructs. First, the 
consumption of commodities can and should be considered as the consumption 
of bundles of commodity characteristics (Lancaster 1966). Second, to decide how 
to search for a set of utility maximizing purchases, consumers count on market 
signals that are transmitted by providers (Spence 1972). Third, in a market where 
consumers demand commodities because of their commodity characteristics, a 
static equilibrium involving all consumers and providers can be achieved (Rosen 
1974). The role of public interventions is connected to Stigler’s (1961) economic 
theory of regulation and search for information. Accordingly, industries tend 
to request government policies that support direct subsidies and control over 
suppression of substitutes, encouragement of complements, price-fixing, and 
entry of new rivals. On the other hand, consumers’ standard search problems are 
typically compounded by uncertainty about the market conditions for the product 
sought, such as price, quality, and availability. Within the framework of a theoretical 
model of the dental care industry, Lipscomb and Douglass (1982) study the vertical 
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integrated (local/state/national) structure of the profession. This is proposed as 
serving an organizational means for expressing and settling professional debate, 
sharing market information, and attaining favorable regulation.

In empirical studies on consumer choice in health care, theoretical aspects 
are taken into account to some extent. Traditionally, expected utility theory 
in combination with demand theory for health care is often relied upon (e.g. 
Buchmueller 2006 for health plan choice, Cameron et al. 1988 for health insurance 
choice, and Rodríguez and Stoyanova 2004 for health care provider choice). 
Choices between public and private health care in the UK (Propper 2000) and 
choice of dental sector in Finland (Arinen and Sintonen 1994) have also been 
explored. However, the former considered only choices made on whether to 
seek care. The latter took specific features of the Finnish dental care system into 
consideration but focused merely on the choice of sector. Hence, both studies did 
not allow for further study of the amount of care received from each sector. On the 
other hand, in addition to the reasons related to institution and market, individual 
characteristics also have effects on demand for dental care. Results from empirical 
research have given evidence on income as one important factor associated with the 
use of specialized health care. Income has a positive effect on access to dental care 
(Sintonen and Maljanen 1995) and to hospital care (Abasolo et al. 2001; Gerdtham 
1997) and on the use of medical specialist services (Pohlmeier and Ulrich 1995). 
Furthermore, it is positively related to the choice of a medical specialist as opposed 
to a general practitioner and to the subsequent choice of either public or private 
specialist (Atella et al. 2004). 

In article II, we studied demand for dental care among people entitled to age-
based subsidized care, taking into account choices in care underlying individual 
demand for dental care in the two-segment market. We argued that the existence of 
the two parallel (public and private) suppliers means that utilization is the outcome 
of three sequential decision stages. These determine whether an individual seeks 
care from a dentist, whether the individual selects a public/private dentist, and 
the amount of care used, respectively. We paid particular attention to the factors 
affecting the choice of dentist. In the spirit of Grossman’s demand theory, the 
consumer is assumed to choose which of the two service-sector dentists provides 
relatively better availability with relatively a lower price of care, all other things 
being equal. 

The demand for dental health

In various studies, dental caries has been found to be significantly associated with 
financial, socioeconomic and behavioral factors (Bailit et al. 1985; Berset et al. 
1996; Chen and Hunter 1996; Cohen and Bryant 1984; Grytten et al. 1996; Petersen 
2005; Tala 1983; Thomson et al. 2004). In those very few economic studies, the 
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determinants of dental health, i.e. caries, are investigated by estimation of reduced-
form equations using data sets that generally have health information limited to 
one period of time. Dental care utilization is often not taken into account in the 
production function of dental health as an input. Therefore, the direct effect of 
utilization on dental health is not estimated. Furthermore, the indirect effects of 
the covariates on dental health via utilization are not examined or elicited. When 
the indirect effects are ignored, the total effects on dental health of some covariates 
can be incorrectly estimated.

Article III applied a model that integrates both Grossman’s human capital 
approach and theories of the household health production function (Contoyannis 
and Jones 2004; Gilleskie and Harrison 1998). The variables chosen to explore 
the determinants of dental caries are based on the household health production 
theory (Grossman 1972a) and findings from earlier studies on the factors that 
affect both general health (Contoyannis and Jones 2004; Gilleskie and Harrison 
1998; Grossman and Kaestner 1997; Kenkel 1995) and dental health (Chen and 
Hunter 1996; Grytten et al. 1996; Sintonen and Tuominen 1989). To investigate 
factors affecting the utilization of dental care, we used a simple theoretical model 
based on the theory of demand for health and dental care described in the study 
(Sintonen and Maljanen 1995). We chose the independent variables according 
to both theoretical and empirical studies on health and dental care utilization 
(Grossman 1972b; Grytten et al. 1996; Hay et al. 1982; Holtmann and Olsen 1976; 
Sintonen and Maljanen 1995).

Dental health was assumed to be affected by birth weight and variables relating 
to parental circumstances at time of birth and during youth and by current health 
and dental health behavior, individual characteristics, dental health stock, and 
dental care utilization. Utilization was assumed to be associated with individual 
characteristics, dental health stock, and supply-side factors. This study pointed out 
the role of health and dental health inputs in dental health production. In addition, 
since information obtained covers three follow-up points of time, this study was 
expected to contribute to a better understanding of the relationship between oral 
health and utilization of dental care as well as to address the association between 
oral health and education over the life cycle. 

Equity in the use of dental services

The need-based use of dental care has been studied by the European Household 
Community Panel data. The results indicated that inequality and inequity in the 
use of dental care in most OECD countries, including Finland in 1996 and 2000, 
were significantly pro-rich (van Doorslaer and Masseria 2004; Xander and van 
Doorslaer 2004). However, it has been advised that the results be treated with caution 
due to the lack of information on the need for dental care and on other relevant 
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factors in the analysis. Having taken into account more indicators of need, a study 
that employed the 1997 Spanish Health Survey data also showed significant pro-
rich inequity in the utilization of dental services (Stoyanova 2004). Furthermore, 
concerning inequity in service types, higher income people were significantly more 
likely to use preventive, restorative, and esthetic dental services than were lower 
income people. On the contrary, lower income people were significantly more 
likely to use oral surgical procedures like teeth extractions than were higher income 
people.9 

Inequality in health care can be measured as it stems from inequality posed 
by different determinants of health care utilization. For the breakdown analysis 
of total inequality, a well-established methodology decomposes the concentration 
index by the determinants of health care utilization (see e.g. Wagstaff et al. 2003; van 
Doorslaer et al. 2004). On the other hand, when a health care measure is additively 
comprised of components that represent amounts of health care provided by 
different providers, income-related inequality for that health care measure can be 
decomposed into components (Clarke et al. 2003; Yao 1999). These two approaches 
were incorporated to investigate health inequality by socioeconomic determinants 
in parallel with dimensions of health (Lauridsen et al. 2006). 

Article IV added dental care utilization into the analysis of income-related 
inequality and horizontal inequity, with national health care data having had 
factors that are more relevant to the need for dental care. To measure inequality 
and inequity and explain inequality in the use of dental services, we applied the 
concentration index approach. By decomposing the overall concentration and 
horizontal equity indices by both dental sector and determinants of dental care 
utilization, we evaluated how equality or inequality in the use of dental care is 
related to the specific characteristics of the Finnish dental care system.

9 In Spain, the public dental sector only provides teeth extractions and in addition diagnostic tests 
for those during pregnancy. 
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5 Data and methods

5.1 Data and variable specifications

Articles I, II and IV used data that were based on the 1996 Finnish Health Care 
Survey. This national survey contains information on socioeconomic and health 
status and health care utilization among the non-institutionalized resident 
household population in 1996 (Arinen et al. 1998). A stratified one-stage cluster 
sampling in which households formed the clusters was applied. Complete data 
were received from 9037 individuals (of which 80.7% were aged at least 15 years) 
from 3614 households, corresponding to a response rate of 86.8%. Data on annual 
income, merged with the health care survey data by means of the official unique 
personal identification numbers, were collected from register-based tax files 
maintained by the tax authorities.

In article III, the data were from a follow-up study conducted between 1997 
and 1998 that was included in the longitudinal study of the Northern Finland 
1966 Birth Cohort (http://kelo.oulu.fi/NFBC). This unselected general population 
birth cohort included all live births in the provinces of Oulu and Lapland in 
1966 (n = 12 058), with data collected since pregnancy. Information on parental 
socioeconomic and demographic background was collected by questionnaires. 
Information on pregnancy, births, and newborns was transcribed to study forms 
by midwives. Data were collected by the health workers in child health centers at 
age one and by adolescent questionnaires at age 14. The latest postal questionnaire 
study was conducted in 1997–1998 when the cohort had reached 31 years of age 
(n = 11 541). The number of eligible replies was 8690, corresponding to a response 
rate of 75.3%. Data on the mean scores of all school subjects completed at the end 
of compulsory school (adolescent school achievement) were collected at age 16, 
whereas data on the highest levels of education completed by age 31 were gathered 
from the National Education Registry of Statistics Finland. 

Table 2 introduces the dependent variables. Appendix A presents the 
explanatory variables that were used in the empirical models. In article II, the price 
of a visit to the dentist was measured by five types of cost. They were (a) objective, 
relative time costs (dentist density; availability of public care for all), (b) subjective 
view of the price on dentist’s treatment in each sector (expensive public/private 
care), (c) subjective time costs (sufficient/insufficient public services; sufficient/
insufficient private services), (d) time cost incurred by a visit (visit time), and 
(e) psychological cost (fear). To model the occurrence of caries (III), we also 
used variables describing current health behavior (lifestyle, health habits, regular 
teeth brushing (brushing teeth at least twice a day), and use of dental care). In 
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addition, information relating to time of birth (birth weight, years of schooling of 
the mother) and to adolescence (father’s socioeconomic status, adolescent school 
achievement, lifestyle, severe and mild illness) was made used of. While income, 
dentist density, availability of public care for all, birth weight, years of schooling 
of the mother, adolescent school achievement, and education were gathered from 
official registers and statistics, all other explanatory variables were self-reported. 

TABlE 2. Dependent variable definitions

Article Variable Definition

I Utilization of dentist services

   Care seeking

   Dentist’s recall
   Number of visits to the 
   dentist

Number of visits to dentists observed in the 
data
= 1 if the person visited a dentist in the study 
year
= 1 if the person was recalled by the dentist
Number of visits to the dentist for those who 
had at least one visit

II Utilization of sector-specific
dentist services
   Care seeking

   Choice of a private dentist

   Number of visits to the 
   private or public dentist

Number of visits to the private or public 
dentist observed in the data
= 1 if the person visited a dentist in the study 
year
= 1 if the person visited a private dentist after 
having decided to visit a dentist
Number of visits to the chosen private or 
public dentist for those who had at least one 
visit

III Dental caries

Use of dental care

= 1 if a person reported that s/he had dental 
caries at the time s/he responded to the 
questionnaire
= 1 if the person had at least one visit to a 
dentist during the year previous to the data 
collection time

IV Utilization of dentist services

Utilization of sector-specific
dentist services
   Care seeking

   Number of visits to the 
   public or private dentist

Number of visits to dentists observed in the 
data
Number of visits to the private or public 
dentist observed in the data
= 1 if the person visited a dentist in the study 
year
Number of visits to the private or public 
dentist for those who had at least one visit

Note. The frequency of visits to dentists was measured during a recall period, i.e. the period of 
time between the first day of the study year and the interview day. That frequency was modified to 
represent utilization of a year by a specific risk-day formula (Arinen et al. 1���).
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5.2 Methods

Theoretical framework

The utilization of dentist services over a given period of time in a dental care 
system with two service sectors like that of Finland is proposed to be a three-stage 
decision-making process involving: (a) contact, (b) choice of a public/private 
dentist and (c) frequency (Sintonen and Maljanen 1995). The decision to contact 
a dentist occurs first. Then, subsequent to this initial decision is the decision on 
which sector (service-sector dentist), public or private. Lastly, the amount of care 
to be consumed will be decided in terms of the number of visits to the chosen 
dentist and type of care services per visit (Figure 1). When the dental sectors are 
not distinguished, the utilization process is viewed as only involving the contact 
and frequency decisions. In this case, the individual’s decision to contact some 
dentist can be thought of as a joint decision where seeking care from a dentist and 
choosing the service-sector dentist are made at the same time. If the utilization 
process is viewed as a combination of both contact and frequency decisions, it is a 
one-stage decision-making process.

FigURE 1. The decision-making process of utilization of dentist services

Source: An analytical framework modified according to Sintonen and Maljanen (1995)
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Model specifications 

To explore factors affecting the utilization of dentist services, we applied a two-
part model (I) and a three-part model (II). Both the one-part and two-part models 
were used to compute indices measuring inequality and inequity and to undertake 
the decomposition analysis (IV). In article I, ‘dentist’s recall’ and ‘care seeking’ were 
regarded as two sequential events: an individual could have been recalled by the 
dentist before she/he went to see the dentist. Therefore, in the first part of the two-
part model, the recursive bivariate probit model was applied to model ‘care seeking’ 
and ‘dentist’s recall’ with the latter also appearing as an explanatory variable in the 
‘care seeking’ equation. However, because we could not reject the null hypothesis 
of a zero disturbance correlation coefficient, we applied a recursive two-equation 
probit model (hereafter the recursive model) (see Appendix B). 

This recursive model approach was also applied to model the occurrence 
of caries and use of dental care (specified simply as care seeking) with the latter 
also being used as an explanatory variable in the equation for the occurrence of 
caries (III). Using the recursive model, we were able to consider the effects of those 
variables associated with dentist’s recall that were transmitted back to care seeking 
(I) and similarly the effects of the variables related to use of dental care that had an 
influence back on dental health (III). Table 3 summarizes the econometric models 
applied and the data used in the study.

We used the Wald test and the likelihood ratio (LR) test to check the 
exogeneity of the correlation coefficient in the recursive bivariate probit model 
(I, III; discussed above). Based on the result from the Chow-type test that was 
carried out to test coefficient parameter homogeneity, i.e. to check whether we 
should split the sample in two gender subsamples or not, we estimated the models 
separately for females and males (I, III). The LR test and the asymptotic t-ratio for 
the estimate of the overdispersion coefficient provided tests for us to choose a zero-
truncated negative binomial model over a zero-truncated Poisson model (I, II). 
Concerning ‘caries’ and ‘teeth’ (at least one natural tooth missing), which were both 
indicators of oral health, we tested the potential endogeneity of ‘teeth’ in the caries 
equation, using a two-step method equivalent to the omitted variable approach of 
the Hausman test (III). The test result supported the assumption that ‘teeth’ was 
free from simultaneity and thus exogenous in the caries equation.

The estimation results were presented as the marginal and total effects of 
the explanatory variables on the dependent variables (I–III). Because the total 
effects of the covariates were non-linear combinations of the estimated marginal 
effects, we applied the non-parametric bootstrap method—the bootstrap that is 
distribution free—to estimate the standard errors of the total effects (I, III) (Efron 
and Tibshirani 1993). In addition, we used cross-sectional sampling weights in all 
computations to make the results more representative of the country’s population 
and adjusted the standard errors for clustering of households to get robust standard 
errors (I, II, IV). 
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TABlE 3. Data and methods applied in the study

Article Data
year

n
(age in yrs)

Dependent variable 
or  specific purpose

Model specification

I FHCS
1���

4�12
(20–�2)

Utilization of dentis services
   Care seeking and dentist’s 
   recall
   Number of visits to the 
   dentist

A two-part model:
   1. part: a recursive two-
   equation probit
   2. part: a zero-truncated 
   negative binomial

II FHCS
1���

2010
(20–40)

Utilization of sector-specific 
dentis services
   Care seeking
   Choice of a private dentist
   Number of visits to the 
   public or private dentist

A three-part model:

   1. part: a logit
   2. part: a logit
   �. part: a zero-truncated 
   negative binomial

III NFBC
 1���

�020
(�1)

Dental caries and use of 
dental care

A recursive two-equation 
probit

IV# FHCS
1���

���� 
(14–�2)

20��
(20–40)

Utilization of dentis services

Utilization of sector-specific 
dentist services
   Care seeking
   Number of visits to the 
   public or private dentist
Income-related equality/
inequality
Income-related equity/
inequity

A one-part model: a linear
regression
A two-part model:

   1. part: a linear regression
   2. part: a linear regression

Concentration index

Horizontal equity indes

FHCS = Finnish Health Care Survey

NFBC = Northern Finland Birth Cohort
#  In this article, to estimate the degree of equality and equity in utilization, both the one-part and 
two-part models were applied for both datasets.

Inequality and inequity 

The concentration index (C) is often used to measure relative income-related 
inequality in the actual use of dental care (in this case). The C index ranges from 
−1 to +1. If C is negative [/positive], there is pro-poor [/pro-rich] inequality: lower 
[/higher] income people are more likely to use dental care than are higher [/lower] 
income people. If C equals −1 [/+1], all the use of dental care is concentrated 
in the poorest [/richest]. If C is zero, everyone uses the same amount of dental 
care. The horizontal equity index (HI) is the concentration index that measures 
the degree of equality in need-standardized use of dental care. When HI equals 
zero, there is horizontal equity: the amounts of dental care used and needed are 
proportionally distributed across the income distribution. When HI is negative 
[/positive], it indicates pro-poor [/pro-rich] inequity. That is, after controlling for 
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need differences, lower [/higher] income individuals are more likely to have used 
dental care than are higher [/lower] income individuals. 

The C index measured the concentration of dental care use by individuals 
ranked by their income position and weighted by sampling representation (IV). 
To measure the degree of horizontal equity in use of dental care, the distribution 
of actual care consumed by the individuals was compared with the expected 
distribution of care based on need. The variables indicating the overall need for 
dental care were age, gender, the number of missing teeth, denture, dental pain, 
time of interview, and unfinished treatment. The utilization of dental services was 
first modeled by an OLS regression model. Then, the indices measuring inequality 
and inequity in the use of dental services were estimated. After that, the breakdown 
of the indices by source of use was carried out. Appendix C introduces methods of 
measuring inequality and inequity and those of decomposing inequality in the use 
of dental services.
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6 Results

Seeking care from a dentist (I–III)

According to the total effects from the recursive models for both genders (I), the 
probability of seeking care from a dentist was positively associated with pain and 
dentist’s recall but was negatively associated with fear and the very high number 
of missing teeth (Table 4). In addition, while females’ care seeking was positively 
related to the low number of missing teeth, males’ care seeking was positively 
related to income. Unemployed men were less likely to seek care than were those 
employed counterparts. 

TABlE 4. Factors associated with the probability of seeking care from a dentist

Variable A
priori
expec-
tationa

Empirical direction of the effectb

Article I Article 
IId

Article
Direct effectc Total effectc IIId

Females Males Females Males Females Males

Female + +
Age + +
Income (in ln) + + + +
Unemployed − − −
Student − + −
Full-time worker −/+ −
High education −/+ −
Pain + + + + + +
Low number of 
missing teeth

+ + +

Very high number of 
missing teeth

+ − − − −

At least one natural 
tooth missing

+ + +

Fear − − − − −
Visit time − − +
Regular dental 
attendance

+ + +

Dentist’s recall + + + + + +
Dentist density + −
Expensive private 
dentist’s care

− −

Insufficient public 
dentist services

− −

a  Hypothetically expected directions of the effects of the explanatory variables on utilization.
b  The empirical direction of the effect of the explanatory variable on the dependent variable. + (−) = statistically significantly 
positive (negative) at least at �% level.
c  The direct effects were from the single probits, whereas the total effects were from the recursive models.
d  The results reported here were the direct effects of the covariates.
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The probability of being recalled by the dentist (dentist’s recall) was positively 
related to income and the low number of missing teeth (among females) but to 
age (among males) (I). It was negatively related to unemployment (both genders), 
to age2, the very high number of missing teeth and fear (among males), and to the 
availability of public care for all (among females). Among males, while the direct 
effect of ‘unemployed’ on care seeking was negative but not statistically significant, 
its negative total effect on care seeking was statistically significant and of doubled 
magnitude (I). 

The probability of seeking care from some dentist (II) was positively affected 
by pain, the low number of missing teeth, dentist’s recall, age, and income (Table 4). 
It was negatively affected by visit time, expensive private dentist’s care, insufficient 
public dentist services, fear, and dentist density. Women and students were more 
likely to contact a dentist. 

The probability of being recalled by the dentist (dentist’s recall) was positively 
related to income and the low number of missing teeth (among females) but to 
age (among males) (I). It was negatively related to unemployment (both genders), 
to age2, the very high number of missing teeth and fear (among males), and to the 
availability of public care for all (among females). Among males, while the direct 
effect of ‘unemployed’ on care seeking was negative but not statistically significant, 
its negative total effect on care seeking was statistically significant and of doubled 
magnitude (I). 

The probability of seeking care from some dentist (II) was positively affected 
by pain, the low number of missing teeth, dentist’s recall, age, and income (Table 4). 
It was negatively affected by visit time, expensive private dentist’s care, insufficient 
public dentist services, fear, and dentist density. Women and students were more 
likely to contact a dentist. 

Between both genders, the probability of using dentist services (seeking care) 
was significantly increased by regular dental attendance and having at least one 
natural tooth missing, and in addition by visit time among females (III). Females 
who were full-time workers, students, and unemployed had a lower tendency to 
seek dental care (Table 4).10 

Choice of a private dentist (II)

The probability of choosing a private dentist as opposed to a public one was 
positively associated with the perception of insufficient public dentist services, age, 
dentist’s recall, and the perception of sufficient private dentist services (Table 5). 
Students and those with the perception of sufficient public dentist services were 
less likely to choose a private dentist. 

10 The reference category comprised those that had an occupation/profession other than full-time 
working, student status and unemployed status.
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Number of visit to the dentist (I–II)

For both genders, the number of visits to the dentist was positively related to pain 
and the high number of missing teeth (I) (Table 5). Further, among females it was 
positively associated with the very high number of missing teeth, visit time and 
dentist density, whereas among males it was positively associated with the low 
number of missing teeth, age and the statutory age for subsidized dental care. 

Pain also had an increasing effect on the number of visits to both private and 
public dentists (II) (Table 5). Among users of private care, the number of visits made 
to the dentist was positively affected by both the low and high numbers of missing 
teeth, income, and dentist density. Among users of public care, it was positively 
associated with the perception of public dentist’s care as being expensive. 

TABlE 5. Factors associated with the choice of a private dentist and the number of visits to the dentist

Variable A
priori
expec-
tationa

Empirical direction of the effectb

Article I Article II
Number of visits Choice of

a private
dentist

Number of visits

Females Males
Public 
dentist

Private 
dentist

Age + + +
Age20–40 + +
Income (in ln) + +
High education −/+ −
Student c − −
Pain + + + + +
Low number of missing teeth + + +
High number of missing teeth + + + +
Very high number of missing 
teeth

+ +

Visit time − +
Dentist’s recall c + +
Dentist density + + +
Expensive public dentist’s care − +
Sufficient public dentist 
services

c − −

Insufficient public dentist 
services

c + +

Sufficient private dentist 
services

c + +

a  Hypothetically expected directions of the effects of the explanatory variables on utilization.
b  The empirical direction of the effect of the explanatory variable on the dependent variable. + (−) = statistically significantly 
positive (negative) at least at �% level.
c  This was the theoretical direction of the effect of the explanatory variable on the choice of a private dentist as opposed to a 
public dentist. 
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Factors associated with dental ill-health (III)

According to the estimation results of the recursive models, among females, caries 
(the occurrence of caries) was positively associated with alcohol consumption, 
intake of sugar, use of soft drinks, and the body mass index, and it was negatively 
associated with birth weight, adolescent school achievement, and visit time (Table 
6, see Total effect). Among males, having at least one natural tooth missing and 
the metropolitan domicile had increasing effects on caries, while healthy diet 
and education had decreasing effects on caries. For both genders, daily smoking 
increased caries, whereas regular teeth brushing, regular dental attendance and use 
of dentist services decreased caries.

TABlE 6. Estimation results from the recursive models for the occurrence of dental caries

Variable A priori 
expec-
tationa

Effect on caries
Direct effect Total effect

Females Males Females Males

Continuous Elasticity t Elasticity t Elasticity t Elasticity t
Birth weight b – –0.��1 –2.�� –0.��1 –2.��
Alcohol b + 0.044 2.�� 0.044 2.��
Body mass 
index

b + 0.4�� 2.�1 0.4�� 2.�1

Visit time c + –0.010 –2.00
Adolescent 
school 
achievement

b – –0.��� –2.�� –0.��� –2.��

Education d −/+ –0.��� –�.04 –0.��1 –2.�4

Dummy %-
change

t %-
change

t %-
change

t %-
change

t

Sugar b + 1�.2 2.�� 1�.2 2.��
Soft drinks b + ��.2 2.�� ��.2 2.��
Healthy diet b – –�.4 –1.40 –12.� –2.00 –�.4 –1.40 –12.� –2.00
Metropolitan 
domicile

d −/+ 10.1 1.20 1�.� 2.0� 11.� 1.2� 1�.0 2.10

At least one 
natural tooth 
missing

d + 12.� 2.10 24.� �.0� 11.2 1.�� 22.4 4.4�

Daily smoking b + 22.� 2.�� 1�.� �.�� 22.� 2.�� 1�.� �.��
Regular teeth 
brushing

b – –20.2 –�.10 –10.� –2.0� –20.2 –�.10 –10.� –2.0�

Regular dental 
attendance

d – –��.� –�.�1 –�4.� –�.44 –��.2 –�.14 –4�.� –�.�4

Use of dental 
care

b – –�0.0 –4.�2 –��.4 –�.1� –�0.0 –4.�2 –��.4 –�.1�

a  Hypothetically expected directions of the effects of the explanatory variables on the occurrence of caries.
b  Since this variable was only used in the caries equation, its total effect on caries was its direct effect.
c  Since this variable was only used in the use equation, its total effect on caries was its indirect effect.
d  This variable was used in both equations of the recursive model.
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Because use of dentist services was assumed to have a decreasing effect on 
caries, the directions of the total effects of the explanatory variables on caries could 
be altered and their magnitude could be changed. For example, among females, 
while the direct effect of visit time on caries was positive (Table 4), its total effect 
on caries was negative (Table 6). This total effect was only its indirect effect via 
use of dentist services. Those women who regularly visited dentists had a 75% 
less occurrence of caries compared to those women who did not regularly visit 
dentists. Of this total effect, 63% was direct and 12% indirect effect.11 Among 
males, education was not statistically associated with use of dentist services, but its 
decreasing total effect on caries was significant. This suggests that for these male 
cohort members, the productive efficiency effect of education on dental health was 
more important than its allocative efficiency effect.  

Inequality and inequity in the use of dental services (IV)

For the whole sample, the total number of visits and the probability of seeking 
care were unequally distributed across income groups. These are expressed by the 
statistically significantly positive indices C and HI (0.045–0.050) (Table 7). In private 
care, inequality and inequity were also found in both the total number of visits 
and the probability of seeking care. As implied by the quite high positive inequity 
indices (HI = 0.175 and 0.151), the higher income individuals were more likely 
to contact a private dentist and use private dentist services than the lower income 
individuals even after need standardization. In public care, pro-poor inequality 
as well as pro-poor inequity was found in all three measures of utilization. We 
found pro-poor inequity in the (positive) number of visits to public dentists (HI 
= −0.036) but equity in the (positive) number of visits both to all dentists and to 
private dentists (IV).

Among the subsample population (those aged 20–40 years), we found equality 
and equity in all three measures of dentist utilization. Sector-specifically, in terms 
of both inequality and inequity, the total number of visits to public dentists and 
the probability of visiting a public dentist were pro-poor, but those corresponding 
private measures were pro-rich. Nonetheless, for the young adults, equality as well 
as equity in both the (positive) number of visits to the public dentist and that of 
visits to the private dentist was achieved. 

For the whole sample, inequality in both the total number of visits to all 
dentists and the probability of seeking care from a dentist was mainly related to 
two sources: income and dentist’s recall. In public care, need appeared to be the 
main driver of both the total number of visits and the probability of seeking care. 
Public subvention of dental care measured by ‘age20–40’ only had a small effect on 

11 In the recursive model, the indirect effect of an explanatory variable on the dependent variable 
(caries in this case) is the difference between its total effect and its direct effect.



4�

6   Results

Research Report 173 
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

the pro-rich distributions of both the total number of visits to all dentists and the 
probability of seeking care.

TABlE 7. indices describing equality (C) and horizontal equity (Hi) in the use of dentist services

Variable Index Whole sample Subsample
All

dentists
Private
dentist

Public
dentist

All
dentists

Private
dentist

Public
dentist

Total number of 
visitsa

C 0.0�0** 0.21�*** −0.14�*** 0.00�ns 0.1��*** −0.10�**

HI 0.04�** 0.1��*** −0.0��*** 0.02�ns 0.1�0*** −0.0��*

Probability of 
seeking careb

C 0.040*** 0.20�*** −0.12�*** 0.00�ns 0.142*** −0.0�4**

HI 0.04�*** 0.1�1*** −0.0�0*** 0.022ns 0.14�*** −0.0�4* 

(Positive) 
Number of visitsb

C 0.004ns 0.022ns −0.0��* −0.00�ns 0.0�0ns −0.0��ns

HI 0.001ns 0.02�ns −0.0��* −0.00�ns 0.022ns −0.02�ns

* p < 0.0�, ** p < 0.01, *** p < 0.001

ns = not statistically significant
a  When the one-part model was used.
b  When the two-part model was used.
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7 Discussion 

7.1 The data, variable measures and    
 methodological issues

Three of our studies employed data from the 1996 Finnish Health Care Survey. This 
was based on a random sampling design and had a high response rate. Furthermore, 
the data had information on individual income via linkages to the register-based 
tax records and relevant factors indicating a need for dental care. Besides, we used 
cross-sectional sampling weights and controlled for clustering of households in 
the empirical analyses. The generalizability of the results from articles I, II and IV 
is limited to some extent due to the exclusion of the institutionalized population 
from the 1996 national health care survey. However, since this national survey 
covered the whole population, those results can be considered to provide reliable 
results on factors associated with the utilization of dentist services and inequalities 
in utilization. 

The high number of missing cases in the 1997 follow-up study included in 
the longitudinal study of the Northern Finland 1966 Birth Cohort would call for 
caution in generalizing the findings (III). Because the probability of being included 
in the study was positively associated with education, those lower educated cohort 
members outside the study could likely have more unhealthy habits and experience 
higher levels of caries. Attrition is always a problem in a panel data study, and 
here with a longitudinal study of 31 years, attrition was unavoidable. However, the 
problem was carefully examined in another study where the same data were used 
(Häkkinen et al. 2006). Self-reported caries may be subject to biases relating to the 
level of information or knowledge of dental diseases, observation, and reporting. 
Those who did use dentist services during the year prior to the survey presumably 
had a lower probability of having caries than those who did not. The former were 
also likely to have detected and reported caries with less bias than those individuals 
whose last visit to the dentist had been several years previously. This reporting bias 
might have been related to use of dental care. Similarly, all the variables based on 
self-reporting in the surveys that were used in the analyses may have included some 
kind of reporting bias.

The recursive model approach enabled us to allow for the impact of the provider-
offered incentive on the individual’s decision to seek care by explicitly modeling 
the dentists’ recall (I). Likewise, by applying the same model approach the effects 
on dental ill-health (caries) of the variables associated with dental care utilization 
that were transmitted back to dental ill-health were taken into consideration (III). 
Hence, we were able to distinguish the direct and indirect effects of the covariates 
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on care seeking and both the corresponding effects on dental ill-health as well. This 
recursive model approach has not been applied before in empirical research on 
dental care utilization and dental health. On the contrary, the modified count data 
models (II) and the OLS regression models (IV) were simple and rather ad hoc by 
nature. As such, the endogeneity of the recall incentive was not taken into account 
in any part of those models. 

The use of cross-sectional data unavoidably entails some concerns relating to 
the variables chosen. Since the 1996 national survey data had no information on 
the monetary value of a visit to the dentist, we had to in part measure the cost of 
a visit by individual perceptions on the sector-specific supply conditions and by 
subjective views of the price on dental treatment in each sector (II). Nevertheless, 
it seemed as if the subjective time costs of a visit to the dentist were more likely to 
reflect the individual’s own experience after having chosen and used the services of 
the dentist. The significantly positive association between the number of visits to 
the public dentist and the perception of public care as being expensive was contrary 
to our a priori expectation. This suggests that once the individuals had decided to 
seek care and had chosen a service-sector dentist, they accepted care given by the 
dentist and they continued to be treated by him/her. However, the amount of care 
used and thus the number of visits they made could be rather high in practice. As 
a result, the total payment for care could become quite large. Therefore, they could 
afterwards feel that the treatment received from the dentist was expensive.

Applying the three-part model to study the decision-making process of 
dental care utilization with the cross-sectional data also seems to be arbitrary to 
some extent compared to actual practice. First, in reality the first two decisions—
the contact decision and the choice of service-sector dentists—are usually made 
together. Thus, the two-part model of sector-specific utilization (IV) by means of 
which the C and HI indices were computed seems to be more realistic than the 
three-part utilization model (II). Second, the principal–agent (patient–dentist) 
relationship is by nature long-standing. Due to information asymmetries, trust 
is one important component encompassed by the relationship between dentists 
and demanders of care. Furthermore, when seeing a dentist, an individual puts 
efforts in to imparting her/his oral health history to the dentist as well as time and 
costs incurred from having the overall condition of the patient’s teeth examined. 
Therefore, once the individual has found a dentist and become the dentist’s patient, 
she/he may be less likely to change to another. 

We assumed that receiving a dentist’s recall means a positive relationship to 
the previous use of dental services, but we did not know from which sector the 
recall actually came (II). Using cross-sectional data, we were not able to explore 
whether changes occurred in the choice of sectors (dentists) and/or in the number 
of visits to service-sector dentists. Hence, the positive association between dentist’s 
recall and care seeking (I–II) and that between dentist’s recall and the choice of 
a private dentist as opposed to a public one (II) seemed to reflect that the sector 
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(dentist) had been chosen earlier so that recalling a patient to care was possible. 
This also explains why dentist’s recall had a pro-rich contribution to inequality in 
both the total number of visits to all dentists and the probability of visiting a dentist 
for both samples (see IV). Although the use of the three-part model to study the 
multi-stage utilization process faces disagreement with practice, its application is 
still useful. Using that model framework, we can easily distinguish the effects of 
different stages on utilization, especially the effects of variables associated with the 
choice of sectors. 

In our estimation, all self-reported visits observed were assumed to belong to 
the same course of treatment. An assumption underlying the two-part model is 
that there is only one sickness spell throughout the observation period. Multiple 
first contacts to dentists might occur because of multiple dental ill-health spells, 
which would cause problems with the estimates. If no additional information is 
available, the first count (contact) in the data might be misclassified and possible 
multiple first contacts may not be detected. However, the recall period specified for 
the question on the number of visits to dentists in the 1996 Finnish Health Care 
Survey12 was not long and the young cohort adults’ dental health was generally 
good, implying less care was needed. Hence, the number of cases having multiple 
first contacts in both data was assumed to be very small. 

In the computation of the indices describing inequality and inequity, the 
individuals’ need for and use of services have been defined according to the chosen 
sector, public or private (IV). As the covariates were allowed to have different 
effects in the regressions of sector-specific use, the results from the decomposition 
analysis showed quite different covariate profiles (signs) in the public and private 
sectors (see IV). Different cross-sector need for dental care could be explained by 
sectors’ different clienteles. An increase in the private sector’s supply seemed to 
enlarge inequality and inequity in the use of dental services consumed by higher 
income people. On the contrary, an increase in the public sector’s supply seemed 
to increase inequality and inequity in the use of dental services consumed by the 
lower income people. 

Since the data used were cross-sectional, the econometric models applied were 
static. As is well acknowledged, dental health and dental care utilization are jointly 
determined (i.e. dental health influences demand for dental care, but also the use of 
dental care has an impact on dental health). Furthermore, the relationship between 
dental care utilization and the development of dental health is by its nature dynamic. 
These features would call for dynamic models of utilization and dental health and 
appropriate longitudinal data to better identify the interconnection between dental 
health and dental care utilization, and to explain variations in the use of dental care 
and in dental health outcomes. One advantage of longitudinal data would be that 
we could have studied dental health and utilization with appropriate information 

12 The recall period was defined as the time between the first day of the study year and the interview 
day. That is, it was from 1.1.1996 until the interview day occurred during 5.4.–21.6.1996 (Arinen et al. 
1998).
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sets. We could have used lagged dental health status to predict past utilization, thus 
removing potential endogeneity associated with using current measures of dental 
health status. We could have also included the lagged dependent utilization variable 
as a regressor to model current utilization and used lagged dental health status to 
predict current dental health, capturing state dependence (see e.g. Propper 2000 
and Contoyannis et al. 2004). 

7.2 The empirical results

The earlier reviewed research on the demand for and utilization of dental care 
has shown that the institutional settings, the choice of variables and the applied 
econometric models have varied considerably (Sintonen and Linnosmaa 2000). 
Since the variables chosen and used in the analyses have also differed, a large 
variation prevails in the resulting elasticity estimates of key variables such as 
income, price, and time cost. In addition, descriptive statistics (e.g. means of the 
variables) for each subsample used in each part of the two-part model were not 
reported (Arinen 1992), thus making it impossible to compute elasticities from the 
coefficient estimates that resulted from separate models. However, the verifiable 
empirical directions of the effects on the utilization of dental services of some 
main explanatory variables were mostly concordant with our a priori expectations. 
In congruence with our finding (II), subjective time costs—that is, the personal 
perception of whether there was easy access to the private sector—were also found 
to increasingly affect the probability of choosing the private sector (Arinen and 
Sintonen 1994). Recall was found to increase the probability of seeking care from 
a dentist (Arinen 1992; Grytten et al. 1996; Hugoson et al. 1995; Sintonen 1986; 
Sintonen and Maljanen 1995). Moreover, our results indicated that actually dentist’s 
recall statistically and increasingly affected utilization through its significant effect 
on the probability of seeking care (I). 

Some covariates had empirical effects on the dependent variables in directions 
that were unclear or counter to our anticipation. For example, visit time was 
positively associated with female cohort members’ care seeking (III) and with 
the number of visits to dentists among females (I); this positive direction was not 
expected. Visit time varied with travel and waiting time, mostly with the former, 
as an appointment with the dentist is usually made in advance and treatment time 
is generally fixed. Those females might have had a higher need for care due to 
deterioration of oral health, which increased the number of visits made and in turn 
involved more time (visit time) (I). We could also argue that the higher probability 
of seeking care resulting from higher visit time among female cohort members 
(III) occurred because the opportunity cost related to their traveling was low. 

On the other hand, dentist density had a positive effect on the number of visits 
to private dentists among young adults (II) and on the number of visits to dentists 
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among females as well (I) but a negative effect on young adults’ care seeking (II). 
This negative effect could be partly explained by the low need for care as most of 
those young adults had a healthy mouth and oral good-health. Since ‘visit time’ 
was used in the models, the effect of time costs (availability effect) on utilization 
was controlled. Therefore, the positive association between dentist density and the 
number of visits (I–II) could be interpreted as evidence of the existence of SID in 
Finnish dentistry in the light of traditional theory. Based on the estimation results, 
when both decisions to visit a dentist and select a service-sector dentist were made 
together, then the effect of dentist density on the propensity of seeking care from 
a private dentist was decreasing (II). This in turn suggests that the increase in the 
number of visits to the private dentist associated with higher dentist density was 
likely to offset the low propensity to seek care within the private sector (II).13 The 
same result was found in the previous study on the impact of public subvention 
on sector-specific utilization of dental care among Finns aged 19–25 years (Arinen 
1992). 

For lack of information, we ended up using ‘age20–40’ (the statutory age for 
subsidized dental care) to assess the impact that public subvention of dental care 
had on utilization. We supposed that when the effect of age on utilization in the 
models was already controlled by ‘age’ and ‘age2’ (I) and by gender and age group 
dummy variables (IV), that variable could reflect in practice some impact of public 
subvention on dental care use. We found that public subvention was statistically 
significantly, positively associated with the number of visits made by males (I). 
Nevertheless, its positive effect on males’ utilization was not statistically significant 
at the 5% level (I). Regarding inequality, the results from the decomposition analyses 
indicate that public subvention contributed little to the pro-rich distribution of 
the total number of visits to all dentists and to the pro-rich distribution of the 
probability of visiting a dentist (IV). This suggests that public subvention did not 
have a strong effect on the use of dental care and on the distribution of need-based 
use. No strong effect of public subvention on dental service utilization in Finland 
between 1991 and 1994 was found (Suominen-Taipale and Widström 1998), and 
no impact of subsidized dental care on utilization among young men in Norway 
was observed (Grytten et al. 1996). 

However, within the context of the development of oral health in Finland, 
a caution relating to the measure of public subvention would call for another 
viewpoint. The insignificant effect on utilization of public subvention measured by 
‘age20–40’ might have come from the fact that those young adults, while having had 
good oral health, needed relatively lesser care than the older counterparts owing to 
the impact of fluoride treatment and use of fluoride-containing toothpaste since 
their childhood (I). Hence, disparity in oral health between different generations 
has been probably reflected in different need of care. Nevertheless, even if this 

13 This can be inferred from the signs of the effects of dentist density on the three different decision 
levels of the utilization (see II, Table 3).
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difference in need of care between generations were taken into account, our results 
relating to inequality and inequity in dental service use would still remain (IV).  

The low number of missing teeth had an increasing effect on care seeking (II–
III; among females, I) as well as on utilization (I). This positive effect on care seeking 
of the low number of missing teeth has also been found previously (Suominen-
Taipale and Widström 1998). These results were against our expectation as based 
on Grossman’s theory of the demand for health. Accordingly, a lower stock of 
oral health (i.e. the high number of missing teeth) is expected to increase the 
consumption of dental care.14 Our findings suggest that the lower stock of oral 
health was likely to reduce the need for care and thus to lower demand for and 
use of dental care. The lower the number of remaining natural teeth, the lesser the 
risk of oral depreciation associated with the stock of oral health and the less dental 
care is demanded. Those with a high number of missing teeth tend to have had 
a low need to visit a dentist. However, once having visited a dentist, they tend to 
have had a high need of treatment (I–II, results from the second and third parts of 
the models) probably relating to specialized or esthetic dental care, for example to 
restore teeth or/and correct the functioning of dentition. Furthermore, dental care 
seems to have been consumed to reduce current disutility associated with dental 
health problems, which was expressed by the significantly positive effect of ‘pain’ 
(acute need) on utilization (I, II).

A lower prevalence of caries was associated with higher education among 
male cohort members (III). This finding supports the hypothetical connection 
between higher education and better health (Grossman 1972a) and is much in line 
with the results from earlier economic studies (Berger and Leigh 1989; Gilleskie 
and Harrison 1998; Grossman 2005; Kenkel 1995). On the other hand, the lower 
prevalence of caries associated with adolescent school achievement among female 
cohort members supports the hypothetical view that good health is associated with 
the adolescent cognitive development (Shakotko et al. 1981). 

The statistically significant indices explaining inequality and inequity (in 
absolute values) for both samples were higher for the use of private care than for 
the use of public care (IV). This implies that both inequality and inequity in use of 
dental care generally prevailed more in the private sector than in the public sector. 
The results probably reflected the fact that the ranges of dental services produced 
by the sectors and the sector clienteles are different and also that there are services 
offered by the private sector that are not publicly reimbursed. Pro-poor inequality 
and pro-poor inequity in use of public care could be explained by the fact that 
municipal dental care and generally publicly supplied dental services in Finland 
have typically been concentrated on low income people and young age groups. In 
terms of inequity, we observed a relatively large pro-rich distribution of the total 
number of visits to private dentists and a relatively small pro-poor distribution of 
the total number of visits to public dentists among young adults than among the 

14 According to Grossman’s investment model, there is negative relationship between health and 
health care if the demand for health capital is inelastic (Grossman 1972a).
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whole sample population. The results seem to have been associated with the role 
of different prices of dental services provided by each sector affecting the sector-
specific use of services (see II) and to differences in the need for dental care. Public 
subvention for dental care seems to have had a leveling effect on utilization, which 
reduced income-related inequality in utilization among young adults. In addition 
to dentist’s recall, income was largely connected to the unequal distributions of both 
the total number of visits to all dentists and the probability of visiting a dentist. 

There has been concern that the use of the recall system as a marketing 
device to increase the tendency to seek private care can result in over-treatment 
and unnecessary costs of treatment, especially to selected well-paid consumers 
(Mikkola et al. 2007). Equal access to dental services is one of Finland’s key health 
policy objectives. When only the private practitioners distribute recalls to their 
clients, unequal receiving of recalls can in effect lead to unequal access to dental 
care between sector clients. If both sectors’ clients were given the same incentives 
to contact the dentist, the likelihood of visiting the dentist and thus utilization 
would probably be higher. This increased utilization might also reflect greater 
access for the poor, aged and disabled and so forth. On the other hand, from a 
consumer viewpoint, once having got accustomed to visiting a dentist regularly 
and thus having teeth regularly checked, many adult patient-consumers actually 
may demand to be recalled by the dentist. When visiting the dentist and using 
dental care regularly, oral health problems can be detected and treated early. This 
may prevent oral health becoming very poor, which can later lead to high costs of 
treatment for the individual and high dental care expenditures overall. Therefore, 
utilization based on regular dental check-ups—induced utilization—may be of 
benefit to oral health and may help to avoid unnecessary costs of treatment. 

The relationship between utilization based on recalling and its contribution 
to the oral health status was not investigated in this study. However, we found 
that utilization of dentist services (specified as care seeking) reduced caries (i.e. it 
improved dental health, III). Moreover, dentist’s recall had an increasing effect on 
utilization through its significantly positive effect on care seeking (I, II). Hence, 
we can infer that utilization based on dentist’s recall may have promoting effects 
on oral health (as discussed above). Furthermore, if utilization was measured as 
expenditure on or cost of using dentist services, on the basis of previous estimation 
results (I), dentist’s recall would also be a factor likely to increase the probability 
of visiting the dentist. Besides, we only found pro-poor inequity in the number of 
visits to public dentists among the whole sample population, but its magnitude 
(−0.036) was not high. This implies that observed inequity in dentist utilization was 
largely related to the probability of visiting a dentist. From the viewpoint of society, 
if the effectiveness of dentist services15 is relevant and additional service utilization 
is worth the economic costs, encouraging both sectors’ clients by means of exactly 
the same incentive to contact dentists more seems to be justified. Nevertheless, 

15 We use here the definition posed by Labelle et al. (1994). Effectiveness of dentist services is defined 
as whether the dentist service positively contributes to the patient’s oral health status or not.
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there are certainly some individuals who are reluctant to visit a dentist or do not 
value sufficiently oral health. To persuade that group of people to visit a dentist 
regularly, use dental services, and change health behavior toward healthier one 
would be challenging.
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8 Conclusions

We found equity in dentist service utilization among young adults but pro-rich 
inequity in the total number of visits to all dentists and in the probability of visiting 
a dentist among the whole sample population. Dentist’s recall seemed to be very 
efficient at stimulating individuals to seek care and increasing utilization of dentist 
services. Public subvention for young adults’ dental care did not seem to affect 
utilization. To enhance equal access to and equal use of dental care across different 
population and income groups, attention should be focused on supply factors 
and incentives to encourage people to contact dentists more often. Lowering co-
payments and service fees and improving the availability of public services would 
likely increase dental service use in both sectors, especially among young adults 
and the people on low incomes. Furthermore, to attain favorable dental health and 
potential long-term benefits in promoting oral health, appropriate policies and 
measures aimed at improving dental health education and reducing the detrimental 
effects of common risk factors on dental health should also be strengthened. 

The findings from this study suggest that both the magnitude of equity in 
utilization measured as e.g. the number of visits to dentists and changes in that 
magnitude would depend much upon the availability of dental services provided 
by each sector. However, sector-specific differences in inequity in dental service 
utilization can be expected to remain as long as the Finnish health care system is 
a dual-channel financed system. This reflects the fact that patient-consumers in 
Finland have opted for the sectors to a large extent according to the availability 
and variety of services supplied by the municipal sector. The two parallel delivery 
systems with different supplier incentives to patients and dentists have led to the 
segmentation of the dental care system, where the sectors have actually served 
different clienteles with different socioeconomic backgrounds. This adverse effect 
would call for a re-assessment of the reasons for justifying a health care system 
financed by both public and private channels. In such a segmented service system, 
the key health policy objective of aiming to provide an adequate access to health 
care with respect to need for all people would not be easily achievable. 

The latest dental care reform implemented in December 2002 in Finland 
extended the public subsidy scheme for dental care to the entire adult population. 
In future research, it would be useful to assess how the dental care reform has 
affected public/private sector choice and sector-specific utilization of dental 
services. Likewise, one would need to gauge again the equity objective of dental 
care policy in terms of utilization and/or in terms of dental health. In the case of 
the former, more insight into equity in the utilization of dental services would be 
gained if the same services and procedures provided by both sectors were taken into 
consideration. Future research should also pay attention to data used. Appropriate 
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panel data would be of advantage not only to capture the dynamic nature of dental 
care utilization and oral health status, but also to avoid many of the estimation 
problems entailed by cross-sectional data.



��

References

Research Report 173
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

References

Abasolo I, Manning R, Jones AM. Equity in 
utilization of and access to public-sector 
GPs in Spain. Applied Economics 2001; 
33: 349–364.

Álvarez B, Delgado MA. Goodness-of-fit 
techniques for count data models: an 
application to the demand for dental 
care in Spain. Empirical Economics 
2002; 27: 543–567.

Andersen R, Benham L. Factors Affecting the 
Relationship between Family Income 
and Medical Care Consumption. In: 
Klarman HE, Jaszi HH (eds). Empirical 
Studies in Health Economics. Baltimore: 
The Johns Hopkins Press; 1970.

Arinen S, Häkkinen U, Klaukka T, Klavus J, 
Lehtonen R, Aro S. Health and the Use 
of Health Services in Finland. Main 
findings of the Finnish Health Care 
Survey 1995/96 and changes from 1987. 
Official Statistics of Finland Health Care, 
Health Care 1998: 5. Jyväskylä: National 
Research and Development Centre for 
Welfare and Health and Social Insurance 
Institution; 1998.

Arinen S-S. Subventiouudistuksen vaikutus 
nuorten aikuisten hammashuolto-palve-
lujen käyttöön (Effect of subsidisation 
reform on young adults’ dental care 
utilisation, in Finnish) [Doctoral Thesis]. 
Yliopistopaino, Helsinki: University of 
Helsinki; 1992.

Arinen S-S, Sintonen H. The choice of dental 
care sector by young adults before and 
after subsidisation reform in Finland. 
Social Science & Medicine 1994; 39: 
291–297.

Arinen S-S, Sintonen H, Rosenqvist G. 
Nuorten aikuisten hammashoitokäynnit 
ennen subventiouudistusta ja sen jälkeen 
(Dental visits by young adults before and 
after subsidisation reform, in Finnish). 
Journal of Social Medicine 1991; 28: 
298–307.

Arrow KJ. Uncertainty and the welfare 
economics of medical care. The American 
Economic Review 1963; LIII: 941–973.

Atella V, Brindisi F, Deb P, Rosati FC. 
Determinants of access to physician 
services in Italy: a latent class seemingly 
unrelated probit approach. Health 
Economics 2004; 13: 657–688.

Bago d’Uva, T. Latent class models for utilisation 
of health care. Health Economics 2006; 
15: 329–343.

Bago d’Uva, T. Latent class models for 
utilisation of primary care: evidence 
from a British panel. Health Economics 
2005; 14: 873–892.

Bailit H, Newhouse J, Brook R, Duan N, 
Goldberg G, Hanley J, et al. Does more 
generous dental insurance coverage 
improve oral health? Journal of the 
American Dental Association 1985; 110: 
701–707.

Becker GS. A theory of the allocation of time. 
The Economic Journal 1965; 75: 493–
517.

Bendall D. The effect of dental insurance on 
the demand for dental services in the 
USA: a review. Journal of Management 
in Medicine 1995; 9: 55–68.

Berger MC, Leigh JP. Schooling, Self-Selection, 
and Health. Journal of Human Resources 
1989; 24: 433–455.

Berset GP, Eriksen HM, Bjertness E, Hansen 
BF. Caries experience of 35-year-old 
Oslo residents and changes over a 20-
year period. Community Dental Health 
1996; 13: 238–244.

Birch S. The identification of supplier-
inducement in a fixed price system 
of health care provision – The case 
of dentistry in the United Kingdom. 
Journal of Health Economics 1988; 7: 
129–150.

Buchmueller T. Price and the health plan 
choices of retirees. Journal of Health 
Economics 2006; 25: 81–101.

Cameron AC, Trivedi PK. Regression analysis 
of count data. First edition. Cambridge: 
Cambridge University Press; 1998.

Cameron AC, Trivedi PK, Milne F, Pigott JA. 
Microeconomic model of the demand 
for health care and health insurance 
in Australia. The Review of economic 
studies 1988; 55: 85–106.

Chalkley M, Robinson R. Theory and evidence 
on cost sharing in health care: an 
economic perspective. London: Office 
of Health Economics, BSC Print Ltd.; 
1997.

Chen M-S, Hunter P. Oral health and quality of 
life in New Zealand: A social perspective. 
Social Science and Medicine 1996; 43: 
1213–1222.



�0

References

Research Report 173 
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

Clarke PM, Gerdtham U-G, Connelly LB. A 
note on the decomposition of the health 
concentration index. Health Economics 
2003; 12: 511–516.

Cohen LK, Bryant PS, eds. Social sciences 
and dentistry: A critical bibliography. 
London: Quintessence Publishing 
Company Ltd; 1984.

Contoyannis P, Jones MA. Socio-economic 
status, health and lifestyles. Journal of 
Health Economics 2004; 23: 965–995.

Contoyannis P, Jones AM, Rice N. The dynamics 
of health in the British Household Panel 
Survey. Journal of Applied Econometrics 
2004; 19: 473–503.

Cooper MH. Rationing health care. London: 
Croom Helm; 1975.

Culyer AJ. Equity – some theory and its policy 
implications. Journal of Medical Ethics 
2001; 27: 275–283.

Culyer AJ. Need and the National Health 
Service. Economics and Social choice. 
London: Martin Robertson; 1976.

Culyer AJ, Wagstaff A. Equity and equality in 
health and health care. Journal of Health 
Economics 1993; 12: 431–457.

Culyer AJ, van Doorslaer E, Wagstaff A. 
Utilisation as a measure of equity by 
Mooney, Hall, Donaldson and Gerard. 
Journal of Health Economics 1992; 11: 
93–98.

Deb P, Trivedi PK. Demand for medical care 
by the elderly: A finite mixture approach. 
Journal of Applied Econometrics 1997; 
12: 313–336. 

Deb P, Trivedi PK. The structure of demand for 
health care: latent class versus two-part 
models. Journal of Health Economics 
2002; 21: 601–625.

Docteur E, Oxley H. Health system reform: 
lessons from experience. In: Towards 
high-performing health systems: policy 
studies. Paris: OECD; 2003: 19–85.

Duan N, Manning WG, Morris CN, 
Newhouse JP. Choosing between the 
sample-selection model and the multi-
part model. Journal of Business and 
Economic Statistics 1984; 2: 283–289.

Efron B, Tibshirani R. An Introduction to the 
Bootstrap. New York: Chapman & Hall; 
1993.

Evans RG. Supplier-induced demand: Some 
empirical evidence and implications. 
In: Perlman M (ed). The economics 
of health and medical care. London: 
Macmillan; 1974: 162–173.

Feldstein PJ. Financing Dental Care: An 
Economic Analysis. Lexington: D. C. 
Health and Company; 1973.

Gerdtham U-G. Equity in health care 
utilization: further tests based on hurdle 
models and Swedish micro data. Health 
Economics 1997; 6: 303–319.

Gerdtham U-G. Equity in Swedish health care 
reconsidered: new results based on the 
finite mixture model. Health Economics 
2001; 10: 565–572.

Gilleskie DB, Harrison AL. The Effects of 
Endogenous Health Inputs on the 
Relationship between Health and 
Education. Economics of Education 
Review 1998; 17: 279–297.

Goddard M, Smith P. Equity of access to health 
care services: Theory and evidence from 
the UK. Social Science & Medicine 2001; 
53: 1149–1162.

Gravell H. Measuring income related 
inequality in health: standardisation and 
the partial concentration index. Health 
Economics 2003; 12: 803–819.

Greene WH. Econometric Analysis. Fourth 
edition. Upper Saddle River: Prentice-
Hall International Inc.; 2000.

Grootendorst PV. A comparison of alternative 
models of prescription drug utilization. 
Health Economics 1995; 4: 183–198.

Grossman M. The demand for health: A 
theoretical and empirical investigation. 
New York: Columbia University Press; 
1972a. 

Grossman M. On the Concept of Health 
Capital and the Demand for Health. 
Journal of Political Economy 1972b; 80: 
223–255.

Grossman M. The human capital model. In: 
Culyer AJ, Newhouse JP (eds). Handbook 
of Health Economics. Amsterdam: 
Elsevier; 2000: 347–408.

Grossman M. Education and nonmarket 
outcomes. Working Paper 11582. 
Cambridge: National Bureau of 
Economic Research; 2005.

Grossman M, Kaestner R. Effects of Education 
on Health. In: Behrmann JR, Stacey N 
(eds). The Social Benefits of Education. 
Ann Arbor, Michigan: University of 
Michigan Press; 1997: 69–123.

Grytten J. The effect of supplier inducement 
on Norwegian dental services; some 
empirical findings based on a theoretical 
model. Community Dental Health 1991; 
8: 221–231.



�1

References

Research Report 173
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

Grytten J, Holst D, Laake P. Supplier 
Inducement – Its Effect on Dental 
Services in Norway. Journal of Health 
Economics 1990; 9: 483–491.

Grytten J, Holst D, Laake P. Accessibility of 
dental services according to family 
income in a non-insured population. 
Social Science & Medicine 1993; 37: 
1501–1508.

Grytten J, Rongen G, Asmyhr O. Subsidized 
dental care for young men: Its impact 
on utilization and dental health. Health 
Economics 1996; 5: 119–128.

Grönqvist E. Selection and moral hazard in 
health insurance – Taking contract theory 
to the data [Doctoral thesis]. Stockholm: 
Stockholm School of Economics; 2004.

Hay JW, Bailit H, Chiriboga DA. The demand 
for dental health. Social Science & 
Medicine 1982; 16: 1285–1289.

Holtmann AG, Olsen EO, Jr. The demand for 
dental care: A study of consumption and 
household production. The Journal of 
Human Resources 1976; XI: 546–560.

Hugoson A, Koch G, Bergendal T, Hallonsten 
AL, Slotte C, Thorstensson B, et al. Oral 
health of individuals aged 3–80 years in 
Jonkoping, Sweden in 1973, 1983, and 
1993. I. Review of findings on dental 
care habits and knowledge of oral health. 
Swedish dental journal 1995; 19: 225–
241.

Hurst J, Jee-Hughes M. Performance 
measurement and performance 
management in OECD health system. 
Occasional Paper, No 47. Paris: OECD 
Publishing; 2001.

Häkkinen U, Järvelin J. Developing the 
formula for state subsidies for health 
care in Finland. Scandinavian Journal of 
Public Health 2004; 32: 30–39.

Häkkinen U, Järvelin M-R, Rosenqvist G, 
Laitinen J. Health, schooling and lifestyle 
among young adults in Finland. Health 
Economics 2006; 15: 1201–1216.

Jímenez-Martin S, Labeaga JM, Martinez-
Granado M. Latent class versus two-
part models in the demand for physician 
services across the European Union. 
Health Economics 2002; 11: 301–321.

Jones AM. Health Econometrics. In: Culyer 
AJ, Newhouse JP (eds). Handbook of 
Health Economics. Amsterdam: Elsevier; 
2000: 265–344.

Jyväskylä City. Jyväskylän kunnallinen ham-
mashuolto 1935–1995 (Municipal oral 
health care in Jyväskylä during 1935–

1995, in Finnish). Jyväskylä: Jyvässeudun 
paino; 1995.

Järvelin J. Health Care Systems in Transition. 
Copenhagen: The European Observatory 
on Health Care Systems; 2002.

Lancaster K. A new approach to consumer 
theory. Journal of Political Economy 
1966; 74: 132–157.

Lauridsen J, Christiansen T, Gundgaard J, 
Häkkinen U, Sintonen H. Decomposition 
of health inequality by determinants and 
dimensions. Health Economics 2006; 16: 
97–102.

le Grand J. The Strategy of Equality: 
Redistribution and the Social Services. 
London: Allen & Unwin; 1982.

le Grand J. Equity and choice. An essay in 
economics and applied philosophy. 
London: Harper Collins Academic; 
1991.

Lerman RI, Yitzhaki S. Improving the accuracy 
of estimates of Gini Coefficients. Journal 
of Econometrics 1989; 42: 43–47.

Lipscomb J, Douglass CW. A political 
economic theory of the dental care 
market. American Journal of Public 
Health 1982; 72: 665–675.

Maddala GS. Limited-dependent and 
qualitative variables in econometrics. 
Cambridge: Cambridge University Press; 
1983.

Maljanen T. Hammaslääkäripalvelusten käyt-
töön vaikuttavista tekijöistä (Factors 
associated with the use of dentist 
services, in Finnish). Journal of Social 
Medicine 1983; 77: 21–24.

Manderbacka K, Gissler M, Husman K, 
Husman P, Häkkinen U, Keskimäki I, et 
al. Väestöryhmien välinen eriarvoisuus 
terveyspalvelujen käytössä (Inequality in 
the use of health care services between 
population groups, in Finnish). In: 
Teperi J, Vuorenkoski L, Manderbacka K, 
et al. (eds). Riittävät palvelut jokaiselle. 
Näkökulmia yhdenvertaisuuteen sosiaa-
li- ja terveydenhuollossa. Helsinki: 
National Research and Development 
Centre for Welfare and Health; 2006: 
42–63.

Manning WG, Bailit HL, Benjamin B, 
Newhouse JP. The demand for dental 
care: evidence from a randomized trial 
in health insurance. Journal of the 
American Dental Association 1985; 110: 
895–902.



�2

References

Research Report 173 
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

Manning WG, Jr., Phelps CE. The demand 
for dental care. The Bell Journal of 
Economics 1979; 10: 503–525.

Mikkola H, Vesisalo A, Jauhiainen S, Widström 
E. An Outlook of Dental Practices - 
Drivers, Barriers and Scenarios. The 
Finnish Journal of Business Economics 
2007; 2: 167–192.

Mikkola H, Widström E, Jauhiainen S, Vesisalo 
A. Yksityiset hammashoitopalvelut Isos-
sa-Britaniassa, Ruotsissa ja Suomessa 
(Private dental care services in the 
UK, Sweden and Finland, in Finnish). 
Sociopolitics 2005; 1: 15–27.

Ministry of Social Affairs and Health. Health 
for all by the year 2000. The Finnish 
national strategy. Second edition. 
Helsinki: Ministry of Social Affairs and 
Health; 1989.

Mooney G. Equity in health care: confronting 
the confusion. Effective Health Care 
1983; 1: 179–185.

Mooney G, Hall J, Donaldson C, Gerard 
K. Utilization as a measure of equity: 
weighting heat? Journal of Health 
Economics 1991; 10: 475–480.

Mooney G, Hall J, Donaldson C, Gerard K. 
Reweighing heat: Response to Culyer, 
van Doorslaer and Wagstaff. Journal of 
Health Economics 1992; 11: 199–205.

Mueller CD, Monheit AC. Insurance coverage 
and the demand for dental care. Journal 
of Health Economics 1988; 7: 59–72.

Mullahy J. Specification and Testing of Some 
Modified Count Data Models. Journal of 
Econometrics 1986; 33: 341–365.

Murtomaa H, Metsäniitty M, Pöyry M. 
Aikuisväestön käsitykset ja kokemukset 
hammashoitopalveluista Suomessa 
vuosina 1983 ja 1993 (Finnish adult 
population’s opinions and experiences 
of dental services in 1983 and 1993, in 
Finnish). Journal of Social Medicine 
1994; 22: 231–234.

Nordblad A, Suominen-Taipale AL, Rasilainen 
J, Karhunen T. Suun terveydenhuoltoa 
terveyskeskuksissa 1970-luvulta vuoteen 
2000 (Oral health cares at health centres 
from 1970s to the year 2000, in Finnish). 
Raportteja 278. Helsinki: National 
Research and Development Centre for 
Welfare and Health; 2004.

Nyman K. Aikuisten hammashoito ja sen 
välittömät kustannukset (Adult dental 
care and its direct costs, in Finnish). 
Sosiaalivakuutus 1980; 18: 177–183.

O’ Donnell O, Propper C. Equity and the 
distribution of U.K. National Health 
Service resources. Journal of Health 
Economics 1991; 10: 247–249.

Oliver A, Mossialos E. Equity of access to 
health care: outlining the foundations 
for action. Journal of Epidemiology and 
Community Health 2004; 58: 655–658.

Olsen EO, Rodgers DL. The welfare economics 
of equal access. Journal of Public 
Economics 1991; 45: 91–106.

Olsson C. Essays in the economics of dental 
insurance and dental health [Doctoral 
thesis]. Umeå Economic Studies No. 
494. Umeå: Umeå University; 1999.

Parkin D, Yule B. Patient charges and the 
demand for dental care in Scotland, 
1962–81. Applied Economics 1988; 20: 
229–242.

Pedersen KM, Petersen PE. The demand for 
dental care among industrial workers. 
Construction and testing of a structural 
model. Odense Working Papers 6. 
Odense: Odense University; 1980.

Pekurinen M. Kilpailun lisäämisen mahdol-
lisuudet terveydenhuollossa (Possibilities 
for increasing competition in health care, 
in Finnish). In: Lehto E (ed). Monopoli 
vai kilpailu? Yksityistäminen, sääntely 
ja kilpailurajat. Atena: Juva; 1998: 333–
350.

Petersen PE. Sociobehavioural risk factors 
in dental caries – international 
perspectives. Community Dentistry and 
Oral Epidemiology 2005; 33: 274–279.

Pohlmeier W, Ulrich V. An Econometric 
Model of the Two-Part Decisionmaking 
Process in the Demand for Health Care. 
The Journal of Human Resources 1995; 
XXX: 339–361.

Propper C. The demand for private health care 
in the UK. Journal of Health Economics 
2000; 19: 855–876.

Rodríguez M, Stoyanova A. The effects of 
private insurance access on the choice 
of GP/specialist and public/private 
provider in Spain. Health Economics 
2004; 13: 689–703.

Rosen S. Hedonic prices and implicit 
markets: Product differentiation in 
pure competition. Journal of Political 
Economy 1974; 82: 34–55.

Rosenqvist G, Arinen S-S, Sintonen H. 
Modified count data models with an 
application to demand for dental care. 
Working Papers 293 (1995). Helsinki: 



��

References

Research Report 173
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

Swedish School of Economics and 
Business Administration; 1995.

Ryan M, Mooney G. Supplier Induced 
Demand: Where Are We and Where 
Should We Go? Discussion Paper 05/92. 
Aderbeen: University of Aderbeen, 
Health Economics Research Unit; 1992.

Schwarz E. Changes in utilization and cost 
sharing within the Danish National 
Health Insurance dental program, 1975–
90. Acta Odontologica Scandinavica 
1996; 54: 29–35.

Shakotko RA, Edwards LN, Grossman M. An 
exploration of the dynamic relationship 
between health and cognitive development 
in adolescents. In: van der Gaag J, Perlman 
M (eds). Contributions to Economic 
Analysis: Health, Economics, and Health 
Economics. Amsterdam: North-Holland 
Publishing Company; 1981: 305–325.

Shorrocks A. Ranking income distributions. 
Economica 1983; 50: 1–17.

Sintonen H. Terveystaloustieteen hammas-
lääketieteellisiä sovelluksia (Applications 
of health economics in dentistry). 
Proceedings of the Finnish Dental 
Society 1986; 82: 82–88.

Sintonen H, Maljanen T. Explaining the 
utilisation of dental care. Experiences 
from the Finnish dental market. Health 
Economics 1995; 4: 453–466.

Sintonen H, Linnosmaa I. Economics of dental 
services. In: Culyer AJ, Newhouse JP 
(eds). Handbook of Health Economics. 
Amsterdam: Elsevier; 2000: 1252–1296.

Sintonen H, Tuominen R. Exploring the 
determinants of periodontal treatment 
costs: a special focus on cigarette 
smoking. Social Science and Medicine 
1989; 29: 835–844.

Social Insurance Institution. Health care 
expenditure and financing in Finland 
1960–1998. Publications of the Social 
Insurance Institution T9: 57. Helsinki: 
Social Insurance Institution. Statistics 
Group; 2000.

Spence M. Market Signaling: The Information 
Structure of Job Markets and Related 
Phenomena. Discussion Paper No. 4: 
John F. Kennedy School of Government. 
Harvard University; 1972.

Stigler G. The economics of information. 
Journal of Political Economy 1961; 69: 
213–225.

Stoddar GL, Morris BL. Analyses of demand 
and utilization through episodes of 
medical services. In: van der Gaag J, 

Perlman M (eds). Contributions to 
Economic Analysis: Health, Economics, 
and Health Economics. Amsterdam: 
North-Holland Publishing Company; 
1981: 149–170.

Stoyanova AP. Equity and utilisation of primary, 
specialist and dental health services 
in Spain [Doctoral thesis]. Barcelona: 
Universitat de Barcelona; 2004.

Suominen-Taipale AL. Demand for Oral 
Health Services in Adults Finns [Doctoral 
thesis]. Annales Universitatis Turkuensis 
D 421. Turku: University of Turku, 
Department of Community Dentistry, 
Institute of Dentistry; 2000.

Suominen-Taipale AL, Widström E. Does 
dental service utilization drop during 
economic recession? The example of 
Finland, 1991–94. Community Dentistry 
and Oral Epidemiology 1998; 26: 107–
114.

Suominen-Taipale L, Nordblad A, Vehkalahti 
M, Aromaa A, eds. Suomalaisten aikuis-
ten suunterveys. Helsinki: KTL – National 
Public Health Institute, Department of 
Health and Functional Capacity; 2004.

Tala H. Lasten hammaskaries ja vanhempien 
sosiaalinen asema sekä tiedot taudin 
ehkäisystä (Dental caries among children 
and adolescents, parents’ socioeconomic 
status and information about prevention, 
in Finnish). Health Services Research by 
the National Board of Health in Finland, 
Nro 28. Helsinki: National Board of 
Health in Finland; 1983.

Thomson WM, Poulton R, Milne BJ, 
Caspi A, Broughton JR, Ayers KMS. 
Socioeconomic inequalities in oral health 
in childhood and adulthood in a birth 
cohort. Community Dentistry and Oral 
Epidemiology 2004; 32: 345–353.

Tobin J. On Limiting the Domain of Inequality. 
Journal of Law and Economics 1970; 13: 
263–277.

Wagstaff A, Paci P, van Doorslaer E. On the 
measurement of inequalities in health. 
Social Science & Medicine 1991; 33: 
545–557.

Wagstaff A, Van Doorslaer E. Equity in health 
care finance and delivery. In: Culyer AJ, 
Newhouse JP (eds). Handbook of Health 
Economics. Amsterdam: Elsevier; 2000: 
1803–1862.

Wagstaff A, van Doorslaer E. Measuring and 
testing for inequity in the delivery of 
health care. Journal of Human Resources 
2000; 35: 716–733.



�4

References

Research Report 173 
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

Wagstaff A, van Doorslaer E, Watanabe N. 
On Decomposing the Causes of Health 
Sector Inequalities with an Application 
to Malnutrition Inequalities in Vietnam. 
Journal of Econometrics 2003; 112: 207–
223.

Valgaama K. The number of dentists in Finland 
1990–2001. In. Helsinki: National 
Research and Development Centre for 
Welfare and Health. National Register 
of Healthcare Professionals kept by the 
National Authority for Medicolegal 
Affairs. Personal communication; 2003.

van Doorslaer E, Koolman X, Jones AM. 
Explaining income-related inequalities 
in doctor utilisation in Europe. Health 
Economics 2004; 13: 629–647.

van Doorslaer E, Masseria C. Income-related 
Inequality in the Use of Medical Care 
in 21 OECD Countries. OECD Health 
Working Papers, No. 14. Paris: OECD 
Publishing; 2004.

van Doorslaer E, Wagstaff A. Equity in 
the delivery of health care: Some 
international comparisons. Journal of 
Health Economics 1992; 11: 389–411.

van Doorslaer E, Wagstaff A, Rutten F, eds. 
Equity in the finance and delivery of 
health care: An international perspective. 
Oxford: Oxford University Press; 1993.

van Doorslaer E, Wagstaff A, van der Burg H, 
Christiansen T, De Graeve D, Duchesne 
I, et al. Equity in the delivery of health 
care in Europe and the US. Journal of 
Health Economics 2000; 19: 553–583.

Widström E, Aaton KA. Systems for the 
provision of oral health care, workforce 
and costs in the EU and EEA: A Council 
of European Chief Dental Officers’ 
Survey. A Council of European Chief 
Dental Officers’ Survey. Helsinki: 
National Research and Development 
Centre for Welfare and Health and Social 
Insurance Institution; 1999.

Widström E, Barenthin I. Aikuisten 
hammashoidon tukeminen sosiaaliva-

kuutuksesta päättyy Ruotsissa (Public 
subvention of adults’ dental care ended 
in Sweden, in Finnish). Finnish Medical 
Journal 1997; 12: 1467–1471.

Widström E, Utriainen P, Pietilä I. Suun 
terveydenhuollon palvelutarjonta ter-
veyskeskuksissa vuonna 1996 (Dental 
health services supplied by health centers 
in 1996, in Finnish). Stakes Aiheita 
12/1997. Helsinki: National Research 
and Development Centre for Welfare 
and Health; 1997.

Williams AH. Need as a demand concept 
(with special reference to health). In: 
Culyer AJ (ed). Economic Policies and 
Social Goals: Aspects of Public Choice. 
London: Martin Robertson; 1974.

Williams AH. ‘Need’ – an economic exegesis. 
In: Culyer AJ, Wright KG (eds). Economic 
Aspects of Health Services. London: 
Martin Robertson; 1978.

Winkelmann R. Health care reform and 
the number of doctor visits – an 
econometric analysis. Journal of Applied 
Econometrics 2004; 19: 455–472.

Xander K, van Doorslaer E. On the 
interpretation of a concentration index 
of inequality. Health Economics 2004; 
13: 649–656.

Yao S. On the decomposition of Gini 
coefficients by population class and 
income source: a spreadsheet approach 
and application. Applied Economics 
1999; 31: 1249–1264.

Yule B, Parkin D. The demand for dental 
care: An assessment. Social Science & 
Medicine 1985; 21: 753–760.

Zweifel P. “Supplier-induced demand” in a 
model of physician behavior. In: van der 
Gaag J, Perlman M (eds). Contributions 
to Economic Analysis: Health, Economics, 
and Health Economics. Amsterdam: 
North-Holland Publishing Company; 
1981: 245–267.



��

Appendices

Research Report 173
STAKES 2008

Dental Service Utilization, Dental Health Production
and Equity in Dental Care: the Finnish Experience

Appendix A

Some main independent variables used 
in the empirical analyses 

Variable Article
I II III IVa

Caries Use

Individual characteristics

Age (age of the person in 
years)

cv x x xa

Age2/100 (age of the person 
squared in years)

cv x

Low education (< 10 years of 
schooling)

dv x x x

High education (> 12 years of 
schooling)

dv x x x

Education (years of 
schooling)

cv x x

Income (in ln) cv x x x x x
Unemployed dv x x x x x
Full-time worker dv x x
Student dv x x x
Female dv x
Low number of missing teeth 
(1–� missing teeth)

dv x x x

High number of missing 
teeth (�–10 missing teeth)

dv x x x

Very high number of missing 
teeth (> 10 missing teeth)

dv x x

At least one natural tooth 
missing

dv x x

Malocclusion dv x x
Denture (using a removable 
prosthesis)

dv x

Fear (considering visits 
to the dentist very/quite 
frightening)

dv x x x

Pain (suffering from 
toothache or dental 
problems)

dv x x x

Visit time (total time in hours 
required for a visit to the 
dentist, including travel, 
waiting and treatment time)

cv x x x x

Regular dental attendance 
(visiting a dentist at least 
once every two years)

dv x x
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Variable Article
I II III IVa

Caries Use

Metropolitan domicile 
(residing in the metropols of 
Helsinki, Espoo, Kauniainen 
and Vantaa)

dv x x

Provider’s characteristics or supply factors

Age20–40 (those aged 
between 20 and 40 years)

dv x x

Dentist’s recall (being 
recalled by the dentist)

dv x x x

Dentist density (number of 
dentists working in each 
health center district per 
1000 residents)

cv x x x x

Availability of public dental 
care for all

dv x x x x

Expensive public dentist’s 
careb

dv x

Expensive private  dentist’s 
careb

dv x

Sufficient public dentist 
servicesb

dv x

Insufficient public dentist 
servicesb

dv x

Sufficient private dentist 
servicesb

dv x

Insufficient private dentist 
servicesb

dv x

Control variables

Time of interview (in ln) cv x x x
Unfinished dental treatment 
(at the time of interview)

dv x x x

a  Dummy age group variables for both genders were used.
b  Respondents’ subjective view or perception on the question introduced.

x = the explanatory variable that was used in the empirical analysis.

cv = continuous variable
dv = dummy variable

Appendix A: Continued
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Appendix B

The bivariate probit model and 
the two-equation probit model 

The bivariate probit model applies to a pair of binary dependent variables with 
correlated disturbances (Greene 2000; Maddala 1983). The model is estimated 
by full information maximum likelihood (FIML). The recursive specification is 
addressed if one dependent variable appears as an explanatory variable in the other 
equation. As applied in article I, dentist’s recall also appears as an explanatory 
variable in the ‘care seeking’ equation. The correlation coefficient ρ measures the 
correlation between the disturbances ε and μ in the equations y

c
 (care seeking) 

and y
r
 (dentist’s recall) (Figure 2). The asymptotic t-ratio for the estimate of the 

correlation coefficient ρ provides a test for exogeneity. Under the null hypothesis 
of ρ = 0, the recursive bivariate probit model turns into a recursive model of two 
single probit equations. That is, if ρ equals zero, the equations are actually unrelated 
by the disturbances. In this case, the log likelihood of the recursive model is the 
sum of the log likelihoods for the two independent probit equations, which can be 
estimated separately by the maximum likelihood (ML). 

FigURE 2. The recursive bivariate probit model specified to model care seeking (yc) and 
dentist’s recall (yr) and the connection between the two variables 

Regardless of the test result of the null hypothesis of ρ, in this recursive model, 
an explanatory variable x that is used in both equations y

c
 and y

r
 typically has two 

kinds of effects on the dependent variable ‘care seeking’. The first one is a direct 
effect produced by its presence in the equation y

c
, and the second one is an indirect 

effect through the equation y
r
. The sum of these two parts is the total effect of x on 

‘care seeking’. (Note: in Figure 2, z is an independent variable that only appears in 
the equation y

c
.)

  

x yr

z yc

μ
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One particular feature in the present study (Article IV) is the decomposition of 

the concentration index made simultaneously by explanatory variable and by den-

tal sector. The decomposition method by determinant of health care utilization is 

illustrated in some studies (Gravell 2003; Lerman and Yitzhaki 1989; Shorrocks 

1983; Wagstaff et al. 1991; Wagstaff and van Doorslaer 2000; Wagstaff et al. 2003; 

van Doorslaer et al. 2004; van Doorslaer and Masseria 2004; van Doorslaer et al. 

2000), and by component of health care from other studies (Clarke et al. 2003; Yao 

1999). Below is a brief description of the methods used.

Measuring income-related inequality

Let Ii, yi and wi be individual income, the amount of dental care and the sampling 

weight of the ith individual in a sample of N observations. A formula for calculat-

ing the concentration index (C) for y
i
 using weighted data is

(1) 

where ( )
=

=
N

i ii ywN
1

1 denotes the (weighted) mean use of dental care of the 

sample, 
=

N

i iw
1

= N and covw is the weighted covariance. Ri is the weighted relative 

fractional rank of the ith individual in the income distribution defined as 

(2)                               where w0 = 0.

Alternatively, C can be computed using a regression approach:

(3) 

where 
R

2σ  is the weighted covariance of Ri. The estimated coefficient d1 equals C, 

and its standard error provides the estimated standard error of C.

Appendix C

Measuring inequality and horizontal inequity 
and decomposing inequality in the use of dental 
services
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Decomposing income-related inequality 

If y is additively composed of J components provided by different providers such 

that y = y1 + y2 + … + yJ, the overall concentration index C for y can be decom-

posed as 

(4) 

where vj = μj ∕ μ is the weight or the share of y the jth component represents, μj 

is the mean use of the jth component, and Cj the corresponding concentration 

index. 

Assume that y has a demand function, a linear additive regression model speci-

fied as 

(5)   

where α and βk are coefficients, xk is a set of K exogenous determinants and ε an 

error term. Then C can be decomposed into contributions of determinants as

(6) 

where kx  and Ck are the mean of the kth variable and the corresponding concen-

tration index (defined analogously to C). The weight or the share xkk  is the 

elasticity of y with respect to the kth variable evaluated at the sample means and 

GCe a generalized concentration index for e. The decomposition (6) can be speci-

fied as consisting of a total predicted concentration index Ĉ and a residual term 

GĈe:

(7) 

where kkk xˆˆ  denotes the estimated demand elasticity of the kth variable 

and Ĉk the corresponding concentration index.
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Component decomposition vs. determinant decomposition 

For each component j, equations (5) and (7) can be defined similarly as 

(8) 

(9)                          .

Inserting (9) into (4) will lead to

(10)                 

Both equations (7) and (10) present C as consisting of two components. How-

ever, in equation (10) the deterministic component is a weighted sum of concen-

tration indices of K variables across J components and the residual component is a 

sum of different component residuals. Because the predicted concentration index 

for the jth component Ĉ j and the total residual GCe are orthogonal, the latter 

equals the sum of all component residuals 
=

J

j
GC

1 j . Thus, the two decomposi-

tion approaches (7) and (10) are equally the same. This can be seen from writing 

equations (7) and (10) as 

(7’) 

(10’) 

Measuring horizontal inequity 
For measuring inequity, the index below has been proposed: 

(11) 

where needĈ denotes the concentration index corresponding to the need for dental 

care. This is computed using predicted use of dental care. 
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Assume that xk consists of income (I), a vector of need standardizing vari-

ables xs and a vector of other variables of interest xp. Equation (7) can be equally 

expressed as 

(12) 

This equation provides an alternative way to calculate the index HI, which is 

equal to the sum of the first, the third and the fourth terms. Equally, equation (11) 

can be written as

(13) 

The decompositions (12) and (13) can be applied to measure inequity in den-

tal care for component j. Similar to the decomposition (4), HI can be decomposed 

as

(14) 

where HIj is the horizontal inequity index for component j.

Equation (5) is used to generate the need-predicted use of the ith individual 
X

iŷ . This use indicates the amount of dental care he/she would have received if 

he/she had been treated as the others with the same characteristics of need. It is 

estimated as

(15)  

where Ix and px are  the sample means of xiI and xip. The estimate of indirectly need-

standardized use of dental care, IS
iŷ , is defined as 

(16) 

Need-predicted use and need-standardized use of component j for individual 

i, X
jiŷ and IS

jiŷ , can be computed by applying equations (15) and (16) for that com-

ponent.
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