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ABSTRACT
Objective: The Swedish Quality Register for Caries and Periodontal Disease (SKaPa) is a national registry
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providing oral health data for children and adolescents. Since no validation has been performed on ado- Accepted 9 September
lescents with permanent dentitions, the aim of this study was to evaluate SKaPa data for dental caries in 2026
19-year-olds. KEYWORDS

Material and Methods: This diagnostic accuracy study included a random sample of 19-year-olds (N =
250) examined in 2014 in the Public Dental Service, Region Varmland. Clinical records served as the refer-
ence standard and SKaPa variables as the index test. Number of decayed and filled teeth (DFT), number
of decayed, missing, and filled teeth (DMFT), missing teeth due to caries (MTC), missing teeth due to any
reason (MTA), number of decayed teeth (DT), and number of filled teeth (FT) were evaluated. Agreement
was evaluated using exact agreement, Cohen’s kappa, and intraclass correlation coefficients.

Results: Data showed high agreement for DFT, DMFT, MTA, DT, and FT (kappa between 0.82 and 0.90; ICC
0.93-0.96). SKaPa underestimated caries by 6-7%. Among 155 participants with DFT/DMFT =1, only three
had MTC, limiting evaluation.

Conclusions: SKaPa caries data demonstrate high accuracy. However, as MTC could not be evaluated,
DMFT should be used with caution in research at this point. Researchers should instead use DFT but be

Dental caries; registries;
validation study;
adolescent

observant of the risk of an underdiagnosis of dental caries in SKaPa for 19-year-olds.

Introduction

The use of registries in research and quality assessment is
increasingly vital in dentistry, as such data enable descriptive
analyses of health status, linkage studies to explore disease
causation, and evaluations of treatment outcomes, including
the impact of preventive measures targeting risk groups or
entire populations. The Swedish Quality Register for Caries and
Periodontal Disease (SKaPa) is currently the only quality registry
containing data on oral health and dental care for children and
adolescents in Sweden, underpinning both research and clinical
quality assurance at the individual, regional, and national levels
[1]. SKaPa is entirely based on the automated extraction of data
from electronic dental records, including information from all
dental visits, such as examinations, oral health status, and treat-
ments, which are subsequently transferred to the registry. This
differs from most other quality registries, where data entry is
performed manually. All electronic dental record systems used
in Sweden are compatible with SKaPa. The registry contains
information on dental clinics, dental healthcare professionals,
and patients. Patient-level data include personal identity num-
ber, sex, age, tooth-specific diagnoses and treatments, risk
assessments for caries and periodontitis, and details of the
dental care provided.

Registry-based research requires valid data - that is, an
assurance that the registry information accurately reflects
individuals’ true health status [2-6]. Although SKaPa is
increasingly used in registry studies and informs both
epidemiological surveillance and care evaluation at the dental-
care-provider and regional levels, its validity has not been fully
assessed. To date, two validation studies on dental caries in
children aged 6 and 12 years, both conducted by the current
authors, have been published [7, 8]. Both studies used data from
Region Varmland’s Public Dental Service (PDS), which employs
the Alfa eCare Clinics® (formerly Carita, Swedish Care®) electronic
health record system. The studies showed good agreement
regarding the number of decayed and filled teeth (dft/DFT) in
primary/permanent dentition, respectively, but for extracted/
missing teeth (/M) due to caries in primary/permanent dentition,
respectively, and for the number of decayed, extracted or missing,
and filled teeth (deft/DMFT) in primary/permanent dentition,
respectively, the agreement was poor, with lower agreement for
12-year-olds than 6-year-olds. Based on these results, the use of
e/M and deft/DMFT as output data from the registry was
discouraged. However, as the DMFT index is frequently used in
research both in Sweden and in other countries, it is important to
evaluate DMFT data from SKaPa in older age groups.
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The causes for the poor agreement between the dental
journal and SKaPa data for e/M and deft/DMFT are unclear but
likely related to registration practices and human error. For
example, in the mixed dentition, unerupted permanent teeth
may be mistakenly recorded as missing due to extraction. This
can happen, for example, when entering the reason for a tooth
being missing into the dental record via the provided drop-
down list. Other examples include orthodontic extractions,
which can be incorrectly recorded as caries-related missing
teeth if the recorder makes a mistake. This may seem trivial,
but unfortunately this faulty information/status becomes
irretrievable whenitis registered in SKaPa, and as a consequence,
the output data for the variable M (missing due to caries) from
the registry are wrong. By extension, this also affects the DMFT
index. The effect of such misregistrations when dental health is
assessed as DMFT in a larger group cannot be assessed with
certainty.ltisunclearwhetherthe problemswith misregistrations
persist at older ages. These findings emphasize the critical
importance of accurate diagnosis and clinical documentation.

When using registry data in research or to report on oral
health in a population, there is a risk of overestimating oral
health status if the deft/DMFT index cannot be applied. When
reports are limited to dft/DFT, the effect of missing one or
several teeth due to caries will be lost with a risk of significantly
misrepresenting the condition in individuals with severe caries.
A clear example, albeit from the primary dentition, is that a
6-year-old who has lost all primary teeth due to caries would be
recorded as having a dft score of zero, i.e. identical to that of a
caries-free child. If the data for e/M were correctly captured in
SKaPa and the deft index could be used, then the same child’s
deft score would be 20 and thus show the child’s true disease
burden and the real impact of the caries disease. Similar
problems can occur for any patient regardless of age if the
registrations of the underlying cause of e/M are incorrectly
recorded. This issue raises concerns about the reliability of M
and DMFT data for research and clinical follow-up, revealing a
critical limitation to the registry’s validity.

Comprehensive validation across the full pediatric and
adolescent age spectrum, including those with complete
permanent dentition, is essential to enable accurate
epidemiological research studies, evaluations of caries burden
in various populations, and assessments of preventive and
therapeutic interventions. Therefore, the aim of this study was
to evaluate the validity of information on dental caries for
19-year-olds in the SKaPa registry. Specifically, it investigated
the extent to which the registry data on DFT and DMFT
correspond with the information found in clinical dental
records. In addition, corresponding agreements were evaluated
for carious teeth (DT), restorations (FT), and extractions (MTC
(missing teeth due to caries) and MTA (missing teeth due to any
reason). The age group was selected because it typically presents
fully erupted permanent dentition, allowing foracomprehensive
assessment of data quality that is relevant to both late
adolescence and adult dental care.

This report was written in accordance with the Standards for
Reporting of Diagnostic Accuracy (STARD) checklist [9].

Methods
Study design

This diagnostic accuracy study follows the PIRO framework:

«  Population: The study focuses on 19-year-old adolescents
residing in Region Varmland in 2014.

« Index test: Data from the Swedish Quality Register for
Caries and Periodontal Disease (SKaPa): DFT, DMFT,
decayed teeth (DT), filled teeth (FT), teeth missing due to
caries (MTC), and teeth missing due to any reason (MTA)
were included for the year 2014.

«  Reference standard: Dental records of the same data listed
above for the year 2014.

«  Outcome measures: Agreement between SKaPa and dental
records was assessed via Cohen’s kappa, the intraclass
correlation coefficient (ICC), exact agreement, and differ-
ences in mean DFT and DMFT.

Participants and setting

The study was carried out in Region Varmland, Sweden, a
county with both rural and urban areas and a population of
approximately 283,000 inhabitants. The PDS is the main pro-
vider of dental care for children and adolescents (approxi-
mately 92%) in the region. In 2014, 2580 19-year-olds were
examined by PDS in Region Varmland. Official statistics show
that 36% of the total Swedish population of 19-year-olds were
caries-free (with a mean DFT of 2.34) in 2014. The correspond-
ing figures for the same age group in Region Varmland were
39% caries-free and a mean DFT of 2.01 [10]. The study popula-
tion consisted of 250 randomly selected 19-year-olds exam-
ined in 2014 within the PDS in Region Vdarmland, corresponding
to approximately 10% of the Varmland population. This sample
size mirrors those of previous validation studies conducted on
6- and 12-year-olds and was determined in consultation with
statisticians to ensure sufficient variation in dental health, soci-
oeconomic status, and demographics. For this study, 19-year-
olds were chosen because epidemiological data have been
routinely reported for this age group for over 25 years, and 19
years is the last age at which dental care is provided free of
charge. The year 2014 was chosen to align with our earlier vali-
dation studies for younger age groups and because it corre-
sponds to a time when all children in the region were still
routinely examined yearly. Thus, the coverage of the dental
records in relation to the underlying population was high. In
later years, not all children have been offered annual dental
examinations. Approximately 163,000 asylum seekers arrived
in Sweden in 2015, of whom 70,384 (43%) were children aged
0-18 years. Of these children, 35,369 (50% of all children and
22% of all asylum seekers) were unaccompanied minors. In
Véarmland, 8884 asylum seekers were residing by the end of
2015, including 3880 children (43%); of these, 1006 (26% of all
children and 11% of all asylum seekers) were unaccompanied
minors. The substantial increase in the number of children
requiring dental care placed considerable additional demands



on dental services. Due to limited capacity, not all children
could be offered dental examinations within the expected
timeframe, and dental services had to prioritize acute dental
needs and targeted screening of newly arrived children. These
changes in the population receiving dental care, together with
changes in the organization, capacity, and prioritization of
dental services, may have affected the completeness and qual-
ity of dental documentation during this period. Consequently,
from 2015 onwards, obtaining a representative sample for den-
tal record validation studies became more challenging, as
changes in dental service provision and examination coverage
may have influenced which children were examined and repre-
sented in the dental records [11, 12].

Test methods

An application for data extraction was submitted to the SKaPa
registry. SKaPa identified 250 individuals (in a randomization
procedure) who had a documented dental examination by
PDS in 2014. In the next step, SKaPa provided unique case
numbers to all identified patients. Output data comprising
information about dental health (DFT, DMFT, MTA, MTC, DT,
and FT) together with information on sex and the unique case
number for each individual were sent to the researchers.
SKaPa also sent personal identity numbers and allocated
unique case numbers for all individuals to the PDS who
retrieved the dental records for the year 2014 for all individu-
als. The PDS substituted all identity information from the den-
tal records with the unique case number for each patient, after
which copies of the full dental records, including clinical notes
and dental status registrations up to December 31,2014, were
made available for the researchers. Thereafter, researchers
extracted data on DFT, DMFT, MTA, MTC, DT, and FT for each
individual from the dental records and linked this to the corre-
sponding SKaPa data for the specific individual. Throughout
the process, all data were anonymized for the researchers. In
this study, dental caries was defined as a registration of mani-
fest dental caries in the dental records made by the dentist
responsible for the dental examination and was recorded at
the tooth level. In a Swedish context, a carious lesion is regis-
tered as manifest if there is collapse of the tooth surface, loss
of tooth substance, or if the lesion has passed the enamel-
dentin boundary in dental radiographs.
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Agreement was calculated using Cohen’s kappa and the ICC
for DFT, DFMT, MTA, MTC, DT, and FT across the entire sample
and specifically among those with at least one affected tooth.

Analysis

The proportion of registrations showing exact agreement (i.e.
identical measurements in both data sources) between the
index (i.e. SKaPa) and the reference (i.e. the electronic dental
records) was calculated and expressed as a percentage. To pro-
vide a more comprehensive understanding of the data, two
additional measures of agreement between the index and refer-
ence were also included: Cohen’s kappa, reported along with
the test statistic and standard error, and the ICC, presented with
the test statistic and a 95% confidence interval. Mean differ-
ences between the electronic dental records and SKaPa for DFT
and DMFT were also analyzed using Student’s t-test. All analyses
were conducted using Stata 15 SE.

Results
Participants

The study included 250 19-year-olds (123 men, 127 women).
One of these, a male with asylum-seeking status, was excluded
due to incomplete data. Thus, the final population was 249 (122
men, 127 women).

Test results

A total of 94 individuals (38%) were caries-free (DFT = 0), and the
study group had a mean value for DFT of 2.08. The agreements
between the electronic dental records and the SKaPa registry for
DFT, DMFT, MTA, DT, and FT were very good, as assessed by
Cohen’s kappa, ICC, and exact agreement. When data were
analyzed for those with caries or fillings, the agreements were
lower but still good (Tables 1 and 2).

The agreement between the electronic dental records and
the SKaPa registry for DFT scores showed a Cohen’s kappa of
0.86 (Table 1) and an ICC of 0.95 (Table 2). For DMFT, Cohen’s
kappa was 0.86 (Table 1), and the corresponding ICC value was
0.95 (Table 2). The data for 221 of the 249 participants were
entirely accurate regarding DFT and DMFT (exact agreement,
89%) (Table 1).

Table 1. Agreement between data on dental caries from 19-year-old patients’ electronic dental records and the SKaPa registry, shown using Cohen’s kappa,

standard error (SE), and % agreement.

Variable N total Cohen’s kappa SE Exact agreement (%) N with score > 1 Cohen’s kappa SE Exact agreement (%)
DFT 249 0.86 0.03 0.89 155 0.82 0.034 0.85

DMFT 249 0.86 0.03 0.89 155 0.82 0.034 0.85

MTA 249 0.90 0.04 0.96 55 0.80 0.078 0.85

MTC 249 1 0.04 1 3 1 0.408 1

DT 249 0.87 0.05 0.96 45 0.73 0.096 0.84

FT 249 0.82 0.03 0.87 142 0.74 0.038 0.79

Notes: For DFT > 1, DMFT > 1, MTA > 1, MTC = 1, DT = 1, and FT > 1, the analyses only include cases where the value for DFT/DMFT/MTA/MTC/DT/FT exceeds

0in the dental record.

DFT: number of decayed and filled teeth; DMFT: number of decayed, missing, and filled teeth; MTA: number of teeth missing for any reason; MTC: number of
teeth missing due to caries; DT: number of decayed teeth; FT: number of filled teeth.
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Table 2. Intraclass correlation coefficient (ICC) and 95% confidence interval
(Cl) of dental caries in 19-year-olds recorded in electronic patient dental
records and the SKaPa registry.

Variable Ntotal ICC 95%Cl  Nwithscore=1 ICC 95% Cl
DFT 249 095 094 0.96 155 093 090 0.95
DMFT 249 0.95 094 0.96 155 094 091 0.95
MTA 249 0.96 094 0.96 55 090 0.83 0.95
MTC 249 1 - - 3 1 - -
DT 249 096 095 0.97 45 092 086 0.96
FT 249 093 091 095 142 099 098 0.99

Notes: For DFT = 1, DMFT = 1, MTA = 1, MTC = 1, DT = 1, and FT = 1, the
analyses only include cases where the value for DFT/DMFT/MTA/MTC/DT/FT
exceeds 0 in the dental record.

DFT: number of decayed and filled teeth; DMFT: number of decayed, missing,
and filled teeth; MTA: number of teeth missing for any reason; MTC: number
of teeth missing due to caries; DT: number of decayed teeth; FT: number of
filled teeth.

The mean difference between the electronic dental records
and SKaPa was 0.12 for both DFT and DMFT and 0.22 when DFT/
DMFT values of zero were excluded (Table 3).

A total of 155 individuals had a DFT/DMFT score greater
than zero. Of these, only three had teeth missing due to caries
(MTC =1). To assess the impact of extracted or missing teeth, as
well as dental caries, on the accuracy of the SKaPa data, Cohen’s
kappa, the exact agreement, and the ICC were calculated for
individuals with caries (where DFT, DMFT, MTA, MTC, DT, and FT
values exceeded 0 in the dental records), as shown in Tables 1-3.

Discussion

The results of this study show an almost perfect agreement
between the electronic dental records and the SKaPa registry for
DFT and DMFT scores as well as for DT, FT, and MTA. However, an
analysis of the differences in mean DFT and DMFT revealed
some underestimation of dental caries by SKaPa. As the study
population had good oral health, with very few teeth extracted
due to caries, the variable of MTC could not be adequately

validated, which affects the interpretation of DMFT. Although
the statistical agreements were good for DMFT, the uncertainty
of MTC implies that DMFT should be used with caution. For that
reason, it is better to use DFT in research. More studies are still
needed to fully evaluate MTC and DMFT.

In this study, the 19-year-old age group was chosen because
epidemiological data have been routinely reported for 19-year-
olds on both the regional and national levels for more than 25
years. The age also represents the last age at which dental care is
provided free of charge in Sweden (with an exception for the
period 2017-2025 when young adult up to 23 had free care).
The year 2014 was selected to align with our earlier validation
studies in younger age groups and corresponded to a period
when children in the region were still routinely examined
annually. This cohort also provided the highest examination
coverage, thereby ensuring a representative study population.
As the objective of this study was to validate the agreement
between data recorded in dental records and the corresponding
data transferred to SKaPa, rather than to estimate caries
prevalence, the choice of study year is not expected to
substantially affect the validity assessment. The recording of
caries in the electronic dental records and the transfer of these
data to SKaPa followed the same general principles as those
used today, supporting the continued relevance of the findings
for current use of the register. Further, in 2014, dental
examinations reached 81% of all 19-year-olds in Sweden, while
this dropped to around 60% in recent years, and in the year
2024, only 39% of the age group was examined by the PDS in
Region Varmland [13]. This study used a random sample of all
19-year-olds who had a dental examination in 2014. This was
based on the assumption that future studies using data from
SKaPa would likely retrieve data for precisely random samples.
When comparing dental health data for Region Varmland with
national data [10], we saw that the patients in Varmland were on
par with national data. Furthermore, results showed that the
dental health in the present study sample was similar in terms of

Table 3. Information on DFT, DMFT, MTA, MTC, DT, and FT recorded from dental records (reference standard) of 19-year-old patients vs. SKaPa, with

mean/min/max difference and p-value.

Variable N Dental record SKaPa Difference

Mean SD Min Max Mean SD Min Max Mean Min Max p-value
DFT 249 2.08 2.79 0 21 1.96 2.68 0 21 0.12 -1 9 0.033
DFT =1 155 334 2.88 1 21 3.12 2.82 0 21 0.22 -1 9 0.011
DMFT 249 2.11 291 0 22 1.99 2.80 0 22 0.12 -1 9 0.033
DMFT =1 155 3.39 3.04 1 22 3.17 2.99 0 22 0.22 -1 9 0.011
MTA 249 0.52 1.16 0 6 0.49 1.12 0 6 0.04 -3 2 0.095
MTA =1 55 2.36 1.31 1 6 2.15 1.42 0 6 0.22 0 2 0.006
MTC 249 0.03 0.35 0 5 0.03 0.35 0 5 0 0 0 -
MTC =1 3 2.67 2.08 1 5 2.67 2.08 1 5 0 0 0 -
DT 249 0.30 0.82 0 7 0.30 0.81 0 7 0.004 -1 2 0.782
DT =1 45 1.67 1.21 1 7 1.58 1.27 0 7 0.09 -1 2 0.209
FT 249 1.76 2.40 0 16 1.57 2.19 0 16 0.18 -1 8 <0.001
FT =1 142 3.08 2.46 1 16 2.74 2.29 0 16 0.35 -1 8 <0.001

Notes: For DFT > 1, DMFT > 1, MTA > 1, MTC > 1, DT > 1, and FT > 1, the analyses only include cases where the value for DFT/DMFT/MTA/MTC/DT/FT exceeds

0in the dental record.

DFT: number of decayed and filled teeth; DMFT: number of decayed, missing, and filled teeth; MTA: number of teeth missing for any reason; MTC: number of
teeth missing due to caries; DT: number of decayed teeth; FT: number of filled teeth.



both percentage caries-free and mean DFT to the background
population. In fact, the study sample even displayed somewhat
more caries than the total group of 19-year-olds in Varmland.
From a dental health perspective, it is fair to conclude that the
study population mirrors the age group at both national and
Region Varmland levels. These are all strengths of the present
study.

The results of the present study, together with those of two
previous studies [7, 8], are promising as they clearly show that
the SKaPa registry can be used for research on dental caries in
children and adolescents. This is an important finding, since
research using registries is a growing field in which the quality of
the studies is entirely dependent on access to verified, high-
quality data from registries [2-5, 14]. There is still a lack of studies
examining the accuracy of SKaPa’s data for dental caries in
adults, although a recent study on periodontal disease data
from SKaPa in adults reported good validity [15].

In the present study, the data from SKaPa differed from the
dental records in that the latter reported higher numbers of
caries, suggesting that SKaPa tends to report a somewhat
better dental health picture. In other words, at the group level,
individuals appear to be healthier in the SKaPa data
(approximately 6-7% lower DFT and DMFT). This difference
should be kept in mind both when conducting research and
when using output data from SKaPa for dental health
assessments and to plan dental care at a regional and national
level. The population may have more caries than displayed in
SKaPa data; in addition, caries disease is usually unevenly
distributed within the population. The impact of the unequal
distribution of dental caries on the population mean value was
not studied in the present report. However, the kappa and ICC
values decreased when healthy individuals were excluded.

The issue of underdiagnosis in SKaPa data needs to be
problematized, as there is a risk of underestimating the
prevalence of caries disease in the population. To address this
issue, we suggest dividing reports on caries epidemiology into
one for the total population and another for those affected by
the disease. Moreover, we recommend calculating and reporting
mean values only among individuals with caries and excluding
caries-free individuals to obtain a more accurate picture of the
affected population. This approach could provide a better basis
for planning oral health interventions and for presenting dental
health data in population-based reports.

For MTC, complete agreement was observed between
SKaPa and the dental records; however, this was based on only
three individuals, making itimpossible to draw firm conclusions
regarding the validity of this variable. The limited number of
MTC cases is attributable to the low prevalence of extractions
due to caries, reflecting the generally good oral health of the
population.This resulted in a floor effect, with limited variability
and insufficient numbers to robustly assess the accuracy of the
MTC component. Further validation in a substantially larger
population is therefore warranted. As it was not possible to
fully evaluate MTC in the present study, and the fact that MTC
constitutes an important component of DMFT, it is difficult to
argue that DMFT is a fully valid output variable from SKaPa at
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this point. Despite the high agreement in terms of kappa and
ICC values regarding DMFT, the underlying issues with MTC
remain. Based on this, we recommend that researchers use
DFT, DT, and FT for registry-based studies. If they wish to study
tooth extractions, it is possible to retrieve output data from
SKaPa for this based on the specific treatment codes for
extractions that are used in the Swedish dental care system.
This alternative has proved to be successful when analyzing
dental health and dental care for children in out-of-home care
in Sweden [16].

The reason for the differences between SKaPa and the
dental records is not known. However, a transition to a new
electronic dental record system was implemented in Region
Varmland in 2010. During this process, previous dental
restorations were not consistently recorded in the dental
status section but were instead documented merely as prior
dental treatments. Consequently, some historical treatments
were not captured in the system. While this may be one reason
for the recorded differences, it should be noted that there is
seldom 100% agreement in validation studies. From that
perspective, the kappa and ICC values found in this study can
be considered high.

Several other regions are currently undergoing changes in
the procurement of electronic dental record systems, and the
validity of SKaPa data for dental caries has not been evaluated in
other regions. As the transfer of data from dental records to
SKaPa is automatized and these procedures are followed and
continuously evaluated by the SKaPa administration, the risk for
variation in validity is considered to be low. In our studies so far,
we have analyzed data at the tooth level rather than the tooth
surface level; moreover, our investigations have been limited to
6-,12-,and 19-year-olds living in Varmland, which has a relatively
healthy pediatric population. Consequently, the situation of
other age groups and those in other regions remains unknown.
Therefore, we believe that the SKaPa registry would benefit from
being validated in populations with higher caries prevalence
and in regions using other dental record systems. Furthermore,
itisimportant to formulate a clear and specific research question
when requesting data from SKaPa, involve the research
specialists at SKaPa in the data collection, and discuss the data
and purposes with them, as is recommended for other health
registries. Doing so will ensure that the correct and age-
appropriate variables are obtained from SKaPa, increasing the
quality of the subsequent research.

To conclude, this study demonstrated very good agreement
between the dental caries data in dental records and SKaPa for
DFT and DMFT as well as for DT, FT, and MTA in 19-year-olds.
Despite this, researchers are advised to avoid DMFT as an output
variable from SKaPa based on the fact that MTC could not be
fully evaluated in the present study. Instead, the use of DFT is
encouraged. Combined with findings from previous studies, the
results in this study indicate that SKaPa data on dental caries,
foremost dft/DFT, in children and adolescents are sufficiently
accurate for research purposes. Nonetheless, a potential risk of
underdiagnosis of dental caries in SKaPa data among 19-year-
olds should be taken into consideration.
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