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Reporting dental caries disease in
longitudinal studies — a suggestion
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Abstract

In general, most infectious and/or lifestyle-related diseases are defined as being present
when sufficient signs or symptoms occurs in an individual. The term “sufficient” is a relative
concept and a disease can therefore be measured with different degrees of certainty. These
symptoms are commonly defined in such a way that it is possible to determine the incidence
and prevalence of the disease and also the proportion of individuals that are cured from the dis-
ease. If dental caries is an individual disease which can be compared to other diseases regarding
incidence and prevalence, it is important to determine for how long an individual must be free
from new signs of the disease before being considered cured or free from the disease and to
define the “sufficient” signs or symptoms needed for a diagnose. Based on these thoughts, the
purpose of this study was to calculate caries incidence and prevalence in a group of adolescents
from a definition of dental caries based on ICD-10.This study included all 12 year olds in 1990
who attended a clinical dental examination in 1990-1995 in Orebro County, Orebro, Sweden,
yearly during these six years. Dental caries disease at the individual level was defined as Ko2.1
(dentinal caries) according to ICD-10 while freedom of caries was defined as the absence of
Ko2.1during a three-year period. In this study the yearly prevalence was 12%, the three year cu-
mulative incidence was 18% and the incidence rate 13%. Results of this study highlight the poor
outcomes in curing caries disease in this age-group, according to the criteria in this study, as
only 17% of the children with caries at the outset of the study were free from the disease three
years later. Defining both a practical level to measure signs of dental caries, and the period an
individual must be free from them to be classified as cured from the disease create new oppor-
tunities to compare and communicate the disease of dental caries with other diseases. This way
of registration is also of advantage for planning purposes as there the centre of interest must be
the individual patient and not the tooth or surface.
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Rapportering av kariessjukdom i longitudinella studier -
ett forslag

GUNNAR EKBACK, SVEN ORDELL, MARIA PALMETUN-EKBACK, GUSTAV EKBACK, LENNART UNELL,
ANN-KATRIN JOHANSSON

Sammanfattning

Sjukdomar och medicinska tillstand definieras vanligen genom att ett antal kriterier upp-
fylls och en individ bedoms som frisk fran sjukdom nar dessa kriterier inte langre foreligger,
ofta efter en definierad tidsperiod. Incidens och prevalens mellan olika sjukdomar kan darfor
ofta jamforas. | longitudinella studier definieras dental karies ofta som forandringar i medeltal
av ett index, vanligen DMFT/S. Karies ar en livsstilssjukdom som gar att bota, men symtomen
pa kariessjukdom ar oftast persisterande vilket innebar att ett sddant index inte redovisar hur
manga individer som ar sjuka under en viss period eller hur manga som ar botade fran sjalva
kariessjukdomen under samma tid utan istallet redovisar en livstidsprevalens.

Syftet med denna studie var att berdkna karies incidens och karies prevalens utgdende fran
begreppen arsprevalens, kumulativ incidens och incidenstalet (incidensraten). Definition pa
karies hamtades fran ICD-10 (KO2.1) som beskriver diagnosen for karies in i dentin. Som defini-
tion pa att vara frisk (botad) fran kariessjukdom anvandes en definierad tidsperiod pa tre ar
utan att ny dentinkaries registrerats.

Studiepopulationen var 423 individer och bestod av alla 12-&ringar i Orebro lan, &r 1990, och
som under sex ar deltog i samtliga arliga recall-undersékningar (1990-1995). Av dessa hade
210 dentinkaries (definierat som ICD Ko2.1) nagon gang under de tre dren 1990-1992 medan
213 inte uppvisade dentinkaries ndgon gang under samma tidsperiod. Under den efterfoljande
perioden 1993-1995 blev 17 % av de sjuka barnen friska fran karies. Av de friska barnen insjuk-
nade 38 individer vilket ger en arlig prevalens av 12 %. Karies hade en incidens rate av 134 fall
per 1000 manar (13 %) och en kumulativ incidens pa 15 % for ett ar,17 % for tva ar och slutligen
18% for tre ar. Var definition av den tid som kravs (3 ar) for att kunna avgoéra om en tidigare
sjuk individ kan bedémas som frisk fran karies kan i framtiden behdva justeras och fler studier
i olika aldrar och populationer behdvs for att ytterligare belysa problemstaliningen. Studien
visar pa relativt daligt resultat nar det galler att bota kariessjukdom da endast 17 % av de sjuka
blev friskforklarade under en period pa tre ar. Likaledes ar resultaten av preventionen nedsla-
ende da hela 12 % av individerna i den friska gruppen blev sjuka. Resultatet bor dock tolkas med
forsiktighet med tanke pa det begransade antal barn som ingick i studien och risker for selek-
tionsbias mellan grupperna. Under dessa ar hade dock individuella kallelseintervall utifran ett
riskperspektiv inte inforts hos Folktandvarden Orebro utan orsaken till att barn inte kallades
arligen berodde vanligtvis pa resursbrist hos vardgivaren.

Denna metod att rapportera karies i longitudinella material och darmed definiera karies pa
individniva ersatter inte traditionella metoder for att méata kariesincidens och kariesprevalens.
Metoden ger dock en 6kad information avseende det antal individer som faktiskt ar sjuka i ka-
ries. Ett sddant forfaringssatt medfor stora fordelar ur planeringssynpunkt for tandvarden da
fokus blir individer och inte medeltal av ytor eller tander, och mojliggor dessutom jamforelser
mellan dem som faktiskt ar sjuka i karies med dem som diagnostiserats med andra sjukdomar.
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Introduction

Historically, the pattern of diseases and their defi-
nitions have varied depending on variations in life
style, medical knowledge and philosophical beliefs
[14]. Today the International Classification of Dis-
eases and Related Health Problems - Tenth Revision
(ICD10) is the most common tool to describe the
different diagnoses classified as diseases or health
related problems [29]. In this classification dental
caries is defined as; caries limited to enamel (Ko2.0),
caries of dentine (Ko2.1), caries of cementum
(Ko2.2), arrested dental caries (Ko2.3), odontoclasia
(Ko02.04), other dental caries (Ko2.8) and dental car-
ies unspecified (Ko2.9).

In general, most infectious and/or lifestyle-related
diseases are defined as being present when sufficient
signs or symptoms occur in a person. This is a rela-
tive concept and a disease can therefore be measured
with different degrees of certainty. Diagnostic crite-
ria may differ according to the context in which they
are used and in some situations very simple criteria
can be justified [2]. Thus, for a large variety of diseas-
es incidence and prevalence rates make it possible to
calculate and compare different occurrences of dis-
eases [6]. This is valid for many medical conditions
such as hip fracture, stroke, acute myocardial infarc-
tion, thyroid autoimmunity and different forms of
cancers [15, 18, 19]. However, this strict way of calcu-
lating incidence and prevalence rates is generally not
used in epidemiology of dental caries [1, 11].

Caries prevalence is commonly expressed as the
mean of affected teeth or surfaces in a population.
There are several indexes in dentistry to describe this
and the DMFT/S index is the most used [10]. It is
clear that the DMFT/S-index, which report lifetime
prevalence of dental caries as symptoms and signs
of earlier defects caused by the disease is prevailing.
Consequently, the use of DMFT/S-index does not
indicate whether the individual is free from the dis-
ease of dental caries or not.

In longitudinal studies the most reported out-
come measure of dental caries is the caries incre-
ment, usually expressed as differences in means of
the DMF index [3]. In contrast, medical epidemiol-
ogy typically relies on two different outcome meas-
ures to describe disease rates in longitudinal studies:
cumulative incidence and incidence rate [12, 24].
These measures are well known and described in
detail in medical literature [2, 5, 6, 8, 21] but rarely
used in caries epidemiology.

In the Swedish quality-register for caries and peri-
odontitis (SKaPa) the following definition of dental
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caries (actual active disease) has been given: “Some-
one is free from dental caries or has been cured from
dental caries, if there has been no new injuries report-
ed and no existing lesions deepened during a defined
period of time” [23]. Thus, the diagnosis “free from
caries disease” after an episode of disease demands a
time component in between registrations. Therefore,
in epidemiological studies a longitudinal follow-up
is necessary in order to present the actual number of
individuals with actual caries disease. In this regard,
it is important to take in consideration that the pro-
gression of dental caries in most individuals in gen-
eral is slow [17]. It may therefore take several years for
the disease to be clinically detected by its symptom.
As a result of these circumstances it is understand-
able, but unfortunate, that the restoration of a cari-
ous lesion often has been synonymous with a cure
for the disease, overshadowing the fact that caries is
a lifestyle related disease which cannot be cured by
restorations. Unfortunately, it appears that it is still
not a universally accepted fact that dental caries is a
curable disease. As an example it has recently been
stated that “Dental caries is a chronic, progressive
and cumulative disease” [3] thus, not curable.

The objective in this paper was to longitudinally
assess dental caries on an individual level by using an
alternatively measure method i.e. yearly prevalence,
cumulative incidence and incidence rate. A second-
ary objective was to compare the changes between
the caries and caries free groups.

Material and methods

Study sample

Swedish dental care provides free, regular and com-
prehensive care to all children and adolescents up to
20 years of age [22]. Caries data used in this study
was retrieved from the electronic dental records in
Orebro County Council, Orebro, Sweden. The cri-
terion for inclusion was: all 12 year olds (N=3009),
who attended a clinical examination in 1990 (n=
2897) and thereafter attended all six yearly recalls
during 1991-1995 with complete caries registration
in the electronic database (n=423). This subgroup
(n=423) constitute the study sample. This subgroup
was compared with all those 12-year olds who at-
tended a clinical examination in 1990 (n=2897)
and only small differences were found (Table 1). All
examinations were conducted in an ordinary clini-
cal setting with standard dental equipment and in
accordance with the County Council’s procedures.
Radiographic examination was performed on indi-
vidual indications.
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Table 1. Non-response analysis. Comparison between the entire group examined in 1990 and the sample.

n Proportion of boys DFTmean DFT=0
12-year-olds examined in 1990 (base population) 2873 51% 1.84 38.9
12-year-olds examined in all years between 1990 and 423 49% 1.85 40.6

1995 (study sample)

Measures and methods

The study sample was divided into two groups (A
and B) according to ICD10 [4, 29]. Group A was de-
fined as having dentinal caries (Ko2.1; n=210) and
group B was defined as not having dentinal caries
(Ko2.1=0; n=213) during a three year period 1990,
1991 and 1992. Thus, a dichotomy variable was used
for either having caries disease or not having caries
disease in the start of the study 1993.

Between 1993 and 1995, the two groups were fol-
lowed and dentinal caries recorded from the elec-
tronic files. Caries prevalence over one year was
calculated as the total number of individuals with
caries disease (Ko2.1) divided by the sample popula-
tion. Cumulative caries incidence in the sample was
calculated as the proportion of individuals without
dental caries disease in 1992 (group B) who devel-
oped new carious lesions (Ko2.1) in 1993, 1994 or
1995. The incidence rate took into account how
many healthy years at risk each person contributed
to the study, and at what point in time dental caries
was registered. The assumption was made that den-
tal caries was developed at a half-way point between
the registrations. Analyses were performed using the
Statistical Package for Social Sciences (SPSS, release
version 21).

Ethical approval
The study was approved by the Ethics Committee in
Uppsala, Sweden, in 2012 (Dnr 2012/203).

Results

At the start of the study in 1993 there were 210 ad-
olescents with dentinal caries experience (Group
A) and 213 dentinal caries-free adolescents (Group
B) according to the criteria in this study. In Group
B, there were 31 new cases of caries after one year
(1993), after two years there were five additional cas-
es of caries (1994), and in the last follow-up (1995)
there were two new cases (Table 2).
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The yearly prevalence of caries during 1990 - 1995
was calculated as the number of individuals with
caries at the start of the study (Group A = 210) and
adding number of individuals in Group B who es-
tablished new caries during the period 1990 -1995 (38
individuals) divided by the total sample population
(n=423) and the number of recorded years. Thus,
yearly prevalence of dental caries in the total sample
will be 248/423/5 = 0.117 which equals 11.7%.

In order to calculate incidence rate and cumu-
lative incidence we have to start with the healthy
sample without caries (defined as Ko2.1=0), Group
B (n=213). Out of these, 175 did not develop caries
during the three years period (1993-1995) and they
contributed with 525 healthy man-years, (175 x 3).
Thirty-one individuals acquired caries during the
first year and they therefore contributed with (31
X 0.5) 15.5 healthy man-years. Five more were di-
agnosed with dental caries between year one and
two and those contributed with 7.5 man-years (5 x
1.5). Finally, two cases were found between the sec-
ond and the third year, which contributed with five
healthy man-years (2 x 2.5). The whole healthy sub-
sample (Group B), thus had 553 healthy man-years
(525+15.5+7.5+5). The total number of man-years at
risk was 639 (213 x 3). The dental caries incidence
rate for this population was [(639-553) / 639] = 0.134
(13.4%) or 134 cases per 1000 man-years at risk.
Cumulative incidence of dental caries for the healthy
subsample, (group B, n=213), was calculated on
those who developed new dental caries during a de-
fined number of years. Therefore, one year cumula-
tive incidence was calculated to be 31/213=0.15 (15%)
and two years to 36/213=0.17 (17%) and finally three
years to 0.18 (38/213, 18%).

Among those with dental caries disease during
1990-1992 (Group A), 17% (n=36) changed status
from having caries to be caries-free (defined as
Ko2.1=0) during three following consecutive years.
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Table 2. Number of individuals regaining dental health and number of individuals with new dental caries disease.

Year of examination 1990-1992 1993 1994 1995
Total population 423 423 423 423
Group A. Individuals with dental caries sometime 210
during 1990-1992)
Regained health K02.1=0 during a three year period 10 12 14
Individuals with dental caries 210 200 188 174
Group B. Individuals without any dental caries during 213
1990-1992
New cases with dental caries 31 5 2
Individuals without dental caries 213 182 177 175

Among those without dental caries disease dur-
ing 1990-1992 (Group B) 82% (n=175) maintained
caries-free status during three following consecutive
years.

Discussion

If dental caries is an individual disease that can be
compared with other diseases it is important to de-
termine both the level of measurable signs and how
long an individual must be free of new signs, before
being considered cured from the disease. In the case
of dental caries it is unfortunate, and confusing, that
the same term is used both for the actual disease and
its symptoms (the caries lesions). It is also mislead-
ing as the disease is curable but the symptoms in
many cases are irreversible. Similar problems with
irreversible symptoms can also be seen in other or-
gans such as persistent post-occupational dermati-
tis, where the dermatitis persist even if the causative
agent has been removed [9].

Traditionally studies have approached the preva-
lence of dental caries from a life time perspective [25,
26, 27, 28]. As far as the authors can find, there is a
lack of studies with the purpose to define and diag-
nose dental caries disease similar to other diseases
at an individual level, and on that basis calculate the
incidence and prevalence rates. The objective in this
paper was to consider additional methods eg yearly
prevalence, cumulative incidence and incidence rate
to report on dental caries in longitudinal studies.

In this study, we used Ko2.1 from the ICD-10 sys-
tem as a measure of dental caries and we decided
that duration of three years was long enough for
observation. The chosen period for freedom from
disease without some new “destruction” was chosen
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with respect taken to the relatively long period that
in general is needed for symptoms of dental caries to
be clinically visible [16]. The chosen period could be
either shorter or longer. This method is also similar
to what is used in other common medical diseases
and conditions [18].

The results showed that dental caries among ado-
lescents is still a disease with both high prevalence
and high incidence. The results also highlights the
poor results in terms of curing the caries disease in
this age group, since only 17% of children with caries
from baseline became free from active disease. The
study also highlights the poor preventive results as in
the initially caries-free group about 18% developed
caries during the study period.

This study was limited to 423 adolescents while the
total population of Orebro County was at the time
for the study (1990-1995) about 270 000. Using many
dentists and only Ko2.1 as a measure of dental caries
limits the collected information. There is also some
risk for a diagnostic drift during this period which
all together means that the data must be interpreted
with some caution. The dentists worked according
to a written protocol but were not systematically cal-
ibrated, however, the large number of patients and
dentists (>150) involved should provide a common
standard and the study group was very similar to the
base population (Table 1). Finally, the main purpose
of this study was to longitudinally assess dental car-
ies on an individual level by using yearly prevalence,
cumulative incidence and incidence rate similar to
other diseases and in line with proposals from the
report from SKaPa [23].

Further studies along these lines with other popu-
lations and age groups are needed to make a more
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definite proposal about how long caries free period
is needed from an occurrence of caries after which
an individual could again be regarded as healthy.
Measuring caries in the proposed way will make it
possible to plan for each patient’s needs better and
also enable manpower planning on a more precise
level. As Pitts stated in 2004, the “challenge for the
future is to define a range of optimal caries measure-
ment methods—in use or in development in recent
trials, in clinical practice, and/or in caries epidemi-
ology—that will best contribute to more efficient,
modern caries clinical trials” [20]. Also, if the disease
is to be diagnosed on an individual level in addition
to the tooth/surface level and compared with other
diseases, simple methods are needed. This is in line
with the first objective of the International Consen-
sus Workshop on Caries Clinical Trials ICW-CCT),
which was to “critically review modern caries defini-
tions and measurement concepts...” [20]. One such
method to determine the limits between the sick
and the healthy individuals could be borrowed from
other disciplines, e.g. methods in tumour treatment
where a patient is defined as healthy and free from
disease after a set period of time with no new tu-
mours [7,13].

Conclusion

The results highlights the poor results in terms of
curing the caries disease for this age group, since
only 17% of children with caries from baseline be-
came free from active disease. It is also interesting
that about the same percentage of adolescents went
from the caries free group to the caries group (18%).
Since dental caries is an individual disease that can
be cured it is important to determine the level of
signs and symptoms for the diagnosis of the disease
and also how long an individual must be free from
them before being considered free from the disease.
Diagnosis of dental caries using ICD-10 on an indi-
vidual level is not a substitute for diagnosis at tradi-
tional tooth or surface level (DMFT/S), but creates
new opportunities to communicate results on group
level and compare them with other diseases by us-
ing terms like incidence and prevalence in line with
other medical areas.

Acknowledgements

This study was supported by the Department of
Dentistry, Orebro County, Sweden and by the Den-
tal Commissioning Unit, Ostergétland County, Swe-
den.

178

References

1.

18.

Birkeland J, Broch L, Jorkjend L. Caries experience as
predictor for caries incidence. Community Dent Oral
Epidemiol 2006;4:66-9.

Bonita R, Beaglehole R, Kjellstrom T. Basic epidemiology,
second edition, Geneva, World Health Organization,
2006; p16.

Broadbent JM, Page LA, Thomson WM, Poulton R.
Permanent dentition caries through the first half of life.
Br Dent J 2013; 215. Published online: 11 October 2013 |
doi:10.1038/5).bdj.2013.991.

Bramer GR. International statistical classification of
diseases and related health problems. Tenth revision.
World Health Stat Q 1988;41:32-6.

Coggon D, Rose G, Barker D. Epidemiology for the
Uninitiated.1997. http://www.bmj.com/about-bmj/
resources-readers/publications/epidemiology-
uninitiated. acessed on 2015-02-19.

Indrayan, A. Medical Biostatistics. CRC Press. London,
2012.

Joensuu H, Toikkanen S. Cured of breast cancer?
JC0O1995;13:62-9.

Kaplan EL, Meier P.Nonparametric estimation

from incomplete observations. J. Amer. Statist.
Ass0C1958;53:457-81.

Keogh SJ, Gawkrodger D). Persistent Post-occupational
Dermatitis: Report of Five Cases. Acta Derm Venereol.
2006;86:248-9.

. Klein JG. Five pitfalls in decisions about diagnosis and

prescribing. BMJ 2005; 330:781-4.

M. Larmas, H.Vahanikkila, K. Leskinen and J. Pakkila
(2012). Classical and Modern Methods, in: Caries
Epidemiology, Oral Health Care - Pediatric, Research,
Epidemiology and Clinical Practices. Prof. Mandeep
Virdi (Ed.), ISBN: 978-953-51-0133-8, InTech, DOI:
10.5772/32790. Available from: http://www.intechopen.
com/books/oral-health-care-pediatric-research-
epidemiology-and-clinical-practices/classical-and-
modern-methods-in-caries-epidemiology.

. Last JM. A dictionary of epidemiology. Oxford university

press. Oxford 2001.

Liamputtong P, Suwankhong D. Therapeutic landscapes
and living with breast cancer: The lived experiences of
Thai women. Soc Sci & Med 2015;128:263-71.

. Macentee MI. An existential model of oral health

from evolving views on health, function and disability.
Community Dent Health 2006;23:5-14.

. Mcleod DS, Cooper DS.The incidence and prevalence of

thyroid autoimmunity. Endocrine 2012;42:252-65.

. Mejare |, Kallestal C, Stenlund H, Johansson H. Caries

development from 11 to 22 years of age: a prospective
radiographic study. Prevalence and distribution. Caries
Res 1998;32:10-6.

Mejare I. Stenlund H, Zelezny-Holmlund C. Caries
incidence and lesion progression from adolescence to
young adulthood: a prospective 15-year cohort study in
Sweden. Caries Res 2004;38:130-41.

Patel A, Galaal K, Burnley C, Faulkner K, Martin-Hirsch P,
Bland et al. Cervical cancer incidence in young women:
a historical and geographic controlled UK regional
population study. BrJ Cancer 2012;106:1753-9.

SWEDISH DENTAL JOURNAL VOL. 40 ISSUE 2 2016



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

DENTAL CARIES AND TERMINOLOGY IN LONGITUDINAL FOLLOW UPS

. Piscitelli P, lolascon G, Argentiero A, Chitano G, Neglia

C, Marcucci G et al. Incidence and costs of hip fractures
vs strokes and acute myocardial infarction in Italy:
comparative analysis based on national hospitalization
records. Clin Interv Aging 2012;7:575-83.

Pitts NB. Modern concepts of caries measurement. )
Dent Res 2004; 83 Spec No C, C43-7.

Rohtman K, Greenland S, Lash TL. Modern Epidemiology.
Lippincott-Raven. Philadelphia, 2012.

SFS 1985:125. Tandvardslagen (Dental act) [Online].
Available: http://www.socialstyrelsen.se/regelverk/
lagarochforordningar/tandvardslagent! [Accessed on
2014-03-01].

Svenskt kvalitetsregister for Karies och Parodontit.
Arsrapport 2013. Karlstad. http://www.skapareg.se/
images/SKaPa_arsrapport 2013.pdf [Accessed on 4
2014-03-01].

Slade GD, Caplan DJ. Impact of analytic conventions

on outcome measures in two longitudinal studies

of dental caries. Community Dent Oral Epidemiol
2000;28:202-10.

Stranska P, Veleminsky P, Polacek L. The prevalence and
distribution of dental caries in four early medieval non-
adult populations of different socioeconomic status
from Central Europe 2015; Arch Oral Biol;60:62-76.
Szymanska S, Lordal M, Rathnayake N, Gustaffson A,
Johannsen A. Dental caries, prevalence and risk factors
in patients with Crohn’s disease. PLoS One 2014;7:9.
€91059.

Tsitaisvili L, Margvelashvili M, Kalandadze M,
Marvelasvili V. The prevalence of dental caries among
adult population of different regions of Georgia.
Georgian Med News 2014;21-8.

Vega Lizama EM, Cucina A. Maize dependence

or market integration? Caries prevalence among
indigenous Maya communities with maize-based
versus globalized economies. Am J Phys Anthropol
2014;153:190-02.

WHO. 2012. International Classification of Diseases
(ICD) [Online]. Available: http://www.who.int/
classifications/icd/en/ [Accessed on 2015-02-19].

Corresponding author:

Dr Gunnar Ekback

Dental Department, Orebro County Council

Box 1613 SE-70116

Sweden, E-mail gunnar.ekback@regionorebrolan.se
Declaration of interest: The authors report no conflicts of
interest

SWEDISH DENTAL JOURNAL VOL. 40 ISSUE 2 2016

179





