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Abstract

Background: The Swedish Quality Registry for caries and periodontal disease (SKaPa) automatically collects data on
caries and periodontitis from patients’electronic dental records. Provided the data entries are reliable and accurate,
the registry has potential value as a data source for registry-based research. The aim of this study was to evaluate the
reliability and accuracy of the SKaPa registry information on dental caries in 6- and 12-year-old children.

Method: This diagnostic accuracy study compared dental caries data registered at an examination with dental health
status registered in the patient’s electronic dental records, and with corresponding data retrieved from the SKaPa reg-
istry. Clinical examinations of 170 6- and 12-year-old children were undertaken by one of the researchers in conjunc-
tion with the children’s reqular annual dental examinations where the number of teeth were registered, and dental
caries was diagnosed using ICDAS II. Teeth with fillings were defined as filled and were added to the ICDAS Il score
and subsequently dft/DFT was calculated for each individual. Cohen’s Kappa, the intraclass correlation coefficient
(ICC), and sensitivity and specificity were calculated to test the agreement of the ‘decayed and filled teeth’in decidu-
ous and permanent teeth (dft/DFT) from the three sources.

Results: Cohen’s Kappa of the dft/DFT-values was calculated to 0.79 between the researcher and the patient record,
to 0.95 between patient dental record and SKaPa, and to 0.76 between the researcher and SKaPa. Intraclass correlation
coefficient (ICC) was calculated to 0.96 between the researcher and the patient journal, to 0.99 between the patient
dental record vs. SKaPa, and to 0.95 between the researcher and SKaPa.

Conclusion: The SKaPa registry information demonstrated satisfactory reliability and accuracy on dental caries in 6-
and 12-year-old children and is a reliable source for registry-based research.

Trial registration The study was registered in Clinical Trials (www.ClinicalTrials.gov, NCT03039010)
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Background

Oral and dental health are important components of
general health, well-being, and quality of life [1]. In chil-
dren and adolescents, dental caries is the most common

*Correspondence: titamensah@regionvarmland.se chronic disease, often causing pain and requiring invasive
Department of Pediatric Dentistry, Faculty of Odontology, Malmo interventions. In general, the dental health of Swedish

University, 205 06 Malmo, Sweden . . . .

Full list of author information is available at the end of the article children and adolescents is good. The Swedish National

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://www.ClinicalTrials.gov
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-021-01705-x&domain=pdf

Mensah et al. BMC Oral Health (2021) 21:373

Board of Health and Welfare has compiled data on man-
ifest caries at certain ages (3, 6, 12 and 19 years) annu-
ally since 1985. According to the last report for the year
2019, 72% of 6-year-olds and 67% of 12-year-olds in Swe-
den were caries-free [2]. A contributing factor is the free
dental care for children and adolescents 0—19 years of
age and the organization of dental services whereby the
county councils have overall responsibility for delivery of
dental care to children and young people. Approximately
95% of Swedish children and adolescents undergo regular
dental examinations. The dental care is delivered by the
Public Dental Service or by contracted private practition-
ers [3].

While most children are relatively healthy, some groups
of children remain at higher risk for caries, with strong
links to overall health and socio-economic factors [4].
One approach to the complex task of exploring such
relationships is through registry-based studies. Official
national registries are important tools for monitoring
dental health in populations and also for registry-based
research, in which data from different registries can be
merged, to analyze relationships and to understand the
interaction between dental health and different social
factors, medical diagnoses and general health.

Sweden has a long history of national registries and
registry-based research [5], made possible through the
system of unique personal identity numbers, consisting
of a twelve-digit-PIN, maintained by the National Tax
Board for all individuals resident in Sweden since 1947.
This identity number makes it possible to link data from
different registries to a specific individual [6]. The more
than one hundred national quality registries in Sweden
are incorporated into clinical workflows and include indi-
vidualized data about different medical interventions,
procedures, and outcomes. They are thereby important
tools not only for improving quality in the health sector
but are also open for research [7].

As all dental records in Sweden are electronic and use
the personal identity number as well as a national coding
system to record diagnoses and treatment items [8], data
on oral care are readily accessible for research. The Swed-
ish Quality Registry for caries and periodontal disease
(SKaPa) is a national registry started in 2008, initially
involving Public Dental Services (PDS) at county level,
but gradually extending nationwide to now include all
PDS in Sweden and more and more private practitioners
[9]. It currently includes data on about 90% of the child
population (0—19 years of age) [10] and is the only dental
registry in Sweden which includes children.

SKaPa is solely based on automatic retrieval of infor-
mation from electronic dental records about all den-
tal appointments (examinations, health status and
treatments) that is subsequently delivered into the
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registry. This is different from most other registries where
data are entered manually. All software systems for elec-
tronic dental records in Sweden can communicate with
SKaPa. The registry stores information about dental clin-
ics, dental health professionals and patients. Information
at a patient level includes the personal identity number,
sex, age, dental status on tooth level regarding diagnoses
and treatments, risk assessments for caries and periodon-
titis, and dental care provided.

Although the SKaPa registry started the year 2008,
information about validation of the registry has not
been published. A prerequisite for using a register such
as SKaPa for research is that one can trust the data
extracted from the registry, therefore a validation of the
quality of the data is of great importance. This valida-
tion study is the first systematic evaluation of the quality
and validity of this type of dental registry with automatic
retrieval of information from electronic dental records.
As SKaPa covers such a large proportion of the popula-
tion, and extensive datasets are available, the registry is
potentially a valuable source of data for researchers, pro-
vided the validity is high. Knowledge from the study will
be valuable for future studies where the SKaPa registry is
used for research.

The main research question in this study was therefore:
How reliable and accurate is SKaPa registry information
on dental caries in children and adolescents?

The following hypothesis was tested: Comparison of
clinical registrations with those in the electronic dental
records, and with data retrieved from the SKaPa registry
differ minimally regarding number of decayed and filled
teeth (dft in the primary dentition and DFT in the per-
manent dentition) in 6 and 12-year-old children.

Methods

After verbal and written information, the legal guardian
signed an informed consent form. All children received
age-appropriate information and consented to partici-
pation. The research was conducted ethically in accord-
ance with the World Medical Association Declaration of
Helsinki. The Regional Ethics Review Board in Uppsala,
Sweden (#2016/051) approved the study. The study was
also registered in Clinical Trials (www.ClinicalTrials.gov,
NCT03039010).

Study design

In this diagnostic accuracy study the children were first
examined by their customary examiners, who entered the
dental status into the electronic dental record (which in
this case uses the software Carita, Swedish Care®) fol-
lowed by clinical examinations conducted by one of the
authors (TM), a specialist in pediatric dentistry. Com-
parisons regarding dental caries were made between the
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researcher’s registrations, the data entered in the elec-
tronic dental records by the customary examiner and the
data retrieved from the SKaPa registry. Thus, the study
follows the entire chain of data: data from clinical den-
tal examinations, dental health registrations in the elec-
tronic dental record and information on dental health
retrieved from the SKaPa registry (Fig. 1).

Setting and study population

This study was carried out in the County of Virmland,
Sweden. The background child and adolescent popula-
tion was about 55,000 with approximately 2,700 children
in each age group (0—19 years old) at the time of data
collection. The sampling procedure was undertaken in
consultation with a biostatistician specialized in epide-
miology, in order to make sure even distribution with
respect to both socio-economic status and dental car-
ies status, to ensure inclusion of children with expected
higher prevalence of caries as well as relatively healthy
children. The sample size was determined by using boot-
strap resampling simulation based on a fictive sample
size of 100,000 individuals. The simulation aimed to esti-
mate a sample size that was enough in size given the ini-
tial proportion of 20 percent with caries and 80 healthy
individuals. The resampled sample size increased for
each iteration with 1 individual, where the true propor-
tion of caries/healthy individual increased for each itera-
tion. The cut-off was arbitrary based on the limitation of
the number of possible participants in the study. The sim-
ulation showed that if the assumption of the proportion
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20/80 for individuals with caries/healthy respectively is
true, the sample of 75 is reasonable. The number of sam-
ples individual reflect a margin of error on the assumed
proportion less than 10%. On this basis a final minimal
study population was determined, of at least 75 children
in each age category. Of the county’s 25 dental clinics 12
were chosen with enough children (> 10 per year group).
These clinics included both rural and urban areas, child
patients with different caries incidence, and reflected
socioeconomic differences. Finally, 177 children were
invited to participate: 83 6-year-olds, and 94 12-year-olds
from twelve PDS clinics, with 11-17 children per clinic.

We also performed a post hoc sample size calculation
to ensure a sufficient sample size. This showed that with
a power of 0.90 and a significance level of 0.05 and to test
the hypothesis that an assumed real ICC in the sample
of 0.95 would differ significantly from a reference ICC
of 0.90 we would need 83 subjects. To have at least that
precision in each age group, our final sample size of 170
subjects is satisfactory.

Training and calibration

Prior to the clinical examinations, the examiner (TM)
underwent training and calibration in ICDAS II (Inter-
national Caries Detection and Assessment system) scor-
ing by e-learning (https://www.iccms-web.com) and
radiographic registration of caries [11, 12]. ICDAS II is
a standardized visual system for coding tooth decay. It
provides options for coding six different stages of lesions
(0=sound, 1=first visual change in enamel, 2 =distinct
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Fig. 1 Schematic description of data collection. Every child was examined twice, independently by the researcher and the child’s customary
examiner. The customary examiners entered the dental status in the electronic dental record. Comparisons were made between the researcher’s
registrations, the data entered in the electronic dental records and the data retrieved from the SKaPa registry
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visual change in enamel, 3 =localized enamel breakdown,
4 =underlying dentin shadow, 5=distinct cavity with
visible dentin, and 6=extensive cavity with visible den-
tin). The radiographic registrations were calibrated with
another dentist from the research group, on 76 patients,
a total of 152 radiographs. The calculated Kappa value
was 0.79, with 95% confidence interval from 0.64 to 0.93.
The strength of agreement was considered to be 'substan-
tial’ Besides the e-learning, the examiner was also clini-
cally trained and calibrated on ICDAS II. In a calibration
exercise TM and another dentist from the research group
independently examined ten children, all having teeth
with as well as without carious lesions. For calibration
as well as for TM’s clinical registration in the study each
tooth was scored according to ICDAS II. A tooth with an
ICDAS II score of 3—6 was defined as cavitated, i.e., a car-
ious tooth. Teeth with fillings were defined as filled and
were added to the ICDAS II score and subsequently dft/
DFT was calculated for each individual. In the calibration
a total agreement was reach on every tooth.

Clinical examination

From December 2016 to March 2017, in conjunction
with their annual dental check-ups, the participating
children had an additional clinical examination by TM
at their regular dental clinics. TM underwent an update
and a new session in ICDAS scoring by e-learning prior
to every visit to the different dental clinics. At the clinic,
every child was first examined by the customary exam-
iner at the clinic who decided, based on individual indi-
cations, whether radiographs were taken. This is the
standard procedure and in accordance with legal require-
ments in Sweden. The children were examined in a nor-
mal dental clinic setting, seated in the dental chair using
artificial light, a dental mirror and a probe. The teeth
were dried with compressed air.

The customary examiner registered oral health status
including caries in the electronic dental record. Accord-
ing to clinical guidelines manifest dental caries are
defined as visible tooth substance loss without the char-
acteristics of a developmental defect, or in pits and fis-
sures when the point of the probe “caught” upon gentle
pressure. Manifest radiographic caries is defined as lesion
extending beyond the enamel-dentine junction. The child
was then immediately re-examined by TM, registering
the number of teeth and dental caries using the ICDAS
II score and dft/DFT was calculated for each individual.

All registrations were blinded: the research exam-
iner (TM) had no access to the registrations made ear-
lier the same day by the customary examiner. TM used
existing radiographs for diagnosis and no extra radio-
graphs were taken for this study. Comparisons were
made between the researcher’s (TM’s) registrations of
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dental health, the dental health status in the electronic
dental records (customary examiner’s registrations),
and the data retrieved from the SKaPa registry.

Statistical analyses

To test the agreement in dft/DFT between the research-
er’s dental examination, the data registered in the elec-
tronic dental record and the SKaPa registry, intraclass
correlation coefficient (ICC) was calculated. Separate
calculations were made of researcher examination/
SKaPa, dental records/SKaPa and researcher examina-
tion/dental records. The calculations were stratified
according to age, i.e. 6 and 12 years.

To test the accuracy of caries diagnostics at tooth
level, calculations were made for sensitivity, specificity,
predictive value of positive test (PV+), predictive value
of negative test (PV—) with 95% confidence intervals.
Also, Cohen’s Kappa was calculated for the agreement
on tooth position level. Kappa was also used for cal-
culation level of agreement of radiographic diagnosis
in the calibrations prior to clinical examinations. All
statistical analyses were performed using Stata 15 SE.
P-values less than 0.05 were considered statistically
significant.

Results

Altogether 177 children (83 6-year-olds, 94 12-year-olds)
from twelve PDS dental clinics were invited to undergo
clinical examination in conjunction with their annual
check-up. 171 children presented for examination. One
declined to participate. All seven children not included
in this study were reported to have been assessed as low
caries risk at examination the year before. Finally, 170
children underwent examination: 84 boys (40 6-year-
olds, 44 12-year-olds) and 86 girls (43 6-year-olds, 43
12-year-olds). Bitewing radiographs were taken by the
customary examiner on 77 of the children (30 6-year-
olds, 47 12-year-olds). Table 1 presents the mean value of
the caries-index ‘decayed filled teeth’ (dft/DFT) reported
by the researcher (TM), the electronic patient dental
record and SKaPa, respectively.

Agreement for dft/DFT-values on tooth position level
for the three data categories (the researcher’s clinical
examination, the electronic patient dental records and
the SKaPa registry) was calculated using Cohens Kappa
and revealed generally very good correlations (Table 2).
Also, the intraclass correlation coefficient (ICC), which
reflects the degree of agreement was calculated and
revealed very good correlations (Table 3). Calculations of
sensitivity and specificity also showed very good agree-
ment (Table 4).
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Table 1 Decayed filled teeth (dft/ DFT-value) in 6- and 12-year-old children, reported by the researcher’s clinical examination,

electronic patient dental record and SKaPa

Total (n=170)

6-year-olds (n =83)

12-year-olds (n=87)

Mean Min-max SD Skewness Mean Min-max SD Skewness Mean Min-max SD  Skewness
Researcher 0.68 0-8 148 282 094 0-8 193 211 043 0-4 077 216
Patient dental record  0.72 0-7 144 239 0.98 0-7 187 179 047 0-3 0.79 1.66
SKaPa 0.72 0-7 148 244 0.95 0-7 191 188 0.49 0-4 086 194

Table 2 Agreement for reported dft/DFT-value on tooth level
between the researcher, the patient dental records and the
SKaPa-registry (Cohen’s Kappa)

Kappa (SE) Agreement (%)
Researcher/patient dental record 0.91(0.02) 994
Patient dental record/SKaPa 0.93 (0.02) 99.5
Researcher/SKaPa 0.87 (0.02) 99.2
Discussion

The aim of this study was to disclose the level of agree-
ment (regarding dft/DFT) between the researcher’s clini-
cal dental examination, dental health status registered
in the electronic dental record, and data retrieved from
the SKaPa registry. The intraclass correlation coefficient
(ICC) has previously been categorized as values less than
0.5 are indicating poor, between 0.5 and 0.75 as moder-
ate, between 0.75 and 0.9 as good, and greater than 0.90
as excellent reliability [13].

Kappa has been categorized that values between
0.00-0.20 are indicating slight, 0.21-0.4 fair, 0.41-0.60

as moderate, 0.61-0.8 as substantial and 0.81-1.00 as
almost perfect strength of agreement [14]. Our calcula-
tions of Cohen’s Kappa of the dft/DFT-value was cal-
culated to 0.79 between the researcher and the patient
record, to 0.95 between patient dental record and SKaPa,
and to 0.76 between the researcher and SKaPa, indicating
“substantial” to “almost perfect” agreement. The intra-
class correlation coefficient (ICC) was calculated to 0.96
between the researcher and the patient journal, to 0.99
between the patient dental record vs. SKaPa, and to 0.95
between the researcher and SKaPa indicating “excellent”
reliability. The results confirm the reliability and accuracy
of the data in the SKaPa registry. The clinical status for
dft/DFT in 6 and 12-year-old children differs minimally
from data entered into the SKaPa registry, and from that
retrieved from the registry.

SKaPa is a national quality registry in dentistry solely
based on automatic retrieval and delivery of data from
electronic patient dental records. The information is
transferred via secure connections to the SKaPa regis-
try or ‘data warehouse’ on a daily basis, which is an SQL
(Structured Query Language) relational database [10].
There are other dental databases in the Scandinavian

Table 3 Intraclass Correlation (ICC) of reported dft/DFT in 6- and 12-year-old children between the researcher, electronic patient

dental record and SKaPa

Total (n=170)

6-year-olds (n=83) 12-year-olds (n =87)

ICC 95% Cl ICC 95% Cl ICC 95% Cl
Researcher/patient dental record 0.96 0.94-0.97 0.96 0.94-0.98 0.92 0.89-0.95
Patient dental record/SKaPa 0.99 0.98-0.99 0.99 0.98-0.99 0.97 0.95-0.98
Researcher/SKaPa 0.95 0.93-0.96 0.96 0.93-0.97 0.90 0.85-0.93
Table 4 Accuracy of caries diagnostics. Comparisons between researcher, patient dental record and SKaPa registry
Sensitivity 95% Cl Specificity 95% Cl PV + 95% Cl PV - 95% Cl
Researcher/patient dental record 0.93 0.87-0.97 1.00 0.99-1.00 0.90 0.83-0.94 1.00 1.00-1.00
Patient dental record/SKaPa 0.97 0.93-0.99 1.00 0.99-1.00 0.90 0.84-0.94 1.00 1.00-1.00
Researcher/SKaPa 0.93 0.87-0.97 0.99 0.99-1.00 0.83 0.76-0.89 1.00 1.00-1.00

Values for sensitivity, specificity, predictive value of positive test (PV+), predictive value of negative test (PV—) and 95% confidence intervals
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countries such as KOSTRA (Municipality-State-Report-
ing) data in Norway and the Danish Health Authority’s
Central Odontology Register (SCOR) system in Denmark
[15]. These databases are built on manually collected
reports of data on selected age groups. SKaPa currently
includes data on about 90% of the whole child population
in Sweden (0—19 years of age) [10].

Caries can be diagnosed clinically by visual inspection
or by probing, supported by radiographic evidence, and
more recently by adjunctive methods such as fiberoptic
transillumination and laser fluorescence [16]. A com-
bination of visual-tactile and radiographic examination
is more reliable than either method used separately, but
to date there is inadequate scientific support for other
adjunctive diagnostic tools [17]. Intra-examiner reliabil-
ity is usually higher than inter-examiner reliability when
diagnosing dental caries [18].

In general, accuracy in excluding the presence of car-
ies is greater than in confirming its presence [19]. Bitew-
ing radiographs were taken on 77 of the children in this
study. Radiographs should only be taken on individual
indications, according to the standard procedure and the
legal regulations in Sweden. As radiographs were una-
vailable for 93 of the children, there could be a risk that
some caries lesions were undetected. Further, in all analy-
ses, the lowest agreement was between the researcher
and the SKaPa registry. This is what would be expected
as is it the comparison with the most potential sources of
error, with the differences between two examiners as well
as the potential error in the data transfer.

The outcome measures in this study were the num-
ber of teeth with caries, expressed as dft and DFT in the
two age groups, respectively. Originally it was intended
to use the outcome measure deft/DMFT (including
e=extracted, M =missing due to caries) but as there was
a problem to retrieve e/M from the registry we assessed
this variable to be unreliable and it was not included in
this study.

It is important to consider possible shortcomings of
using SKaPa registry data for this kind of study. The reg-
istry shows calendar year status, i.e. from 1st January to
31st December, so that when a restoration or an extrac-
tion is undertaken during the year the status registered in
SKaPa changes. Therefore, the diagnostics made during
the examinations did not always conform with the data
extracted from SKaPa, which represents the accumula-
tive status in 31st of December. In this study there were
a few individuals with differences in dft/DFT in the elec-
tronic patient dental record and the data extracted from
SKaPa, which in turn affects Cohen’s Kappa, ICC and
calculations of specificity and sensitivity. Review of the
dental records of these patients disclosed that they had
developed new caries lesions during the calendar year,
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after the examination date, and as SKaPa displays the dft/
DFT values for the full calendar year, the data differed.
Another limitation could be that only ten children were
examined for calibration before the clinical examinations.
The WHO recommends at least 25 children for epide-
miological studies. Yet, these ten children were not caries
free and there was a perfect agreement on caries scoring.

Generally, the dental health of Swedish children is
good. This can be a shortcoming in this kind of study,
as it includes many children with good dental health.
We have tried to accommodate this by distributing both
socio-economic status and occurrence of dental caries
through both urban and rural parts of Varmland.

Population-based dental registries make it possible to
monitor dental health changes in a population. They are
also important tools in health care research, for study-
ing risk factors and evaluating interventions. As SKaPa
holds information about diagnoses and treatment it is
possible to use the registry for different types of research
and in large groups of patient populations, e.g. longitudi-
nal follow-ups of treatment, comparisons of oral health
in different subgroups, exploring dental health in relation
to general health issues by linking with other registries
etc. Further, the registry is also available for international
research collaborations, why its properties are of interest
also outside of Sweden. However, quality registry-based
research is possible only if registrations in patient dental
records are complete and are transferred to the registries
without error. There is always a risk of false variables in
data records. Validation of registries is highly important,
to ensure that the data are valid and reliable [20]. This
was also the scope of the present study, and from that
perspective it is both important and promising that this
study shows very good correlation between the registered
data and that retrieved from the SKaPa registry.

Conclusions

The SKaPa registry information demonstrated satisfac-
tory reliability and accuracy on dental caries in 6- and
12-year-old Swedish children and is a reliable source for
registry-based research.
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