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Abstract

General dental practitioners (GDPs) differ in the preventive and curative care they provide
to their young patients. This may be related to variation in the caries risk of patients, but also
to differing opinions among GDPs about ’proper care’. Longitudinal data offers the possibility
to make care patterns of GDPs comparable and to reveal possible treatment variation
between GDPs. GDPs who participated in this study delivered data on the oral healthcare
services (OHS) they provided to young patients during the period 2013-2017. Subse-
quently, data from patients who received regular OHS for 4 to 5 years were used in the anal-
yses. Based on this, longitudinal preventive and curative care patterns were distinguished.
Patients were divided into 3 preventive care patterns: no prevention, occasional prevention,
and regular prevention. Furthermore, 3 curative care patterns were distinguished: no cura-
tion, curation in 1 year, and curation in several years. These care patterns were then com-
bined. In addition, patients were classified into caries risk categories based on the caries-
related treatments they received over a 2-year period: low (no procedures), elevated (1 pro-
cedure), and high (2 or more procedures). The caries risk based on the first 2 years and the
last 2 years in the dataset were combined into a longitudinal caries risk profile. The most fre-
quent combined care pattern (35.8%) was no curation and occasional or regular prevention.
The most common longitudinal caries risk profile was low at beginning and end (45.2%).
Dental practices varied considerably in the distribution of curative and preventive care pat-
terns. Thereby, no relationship was shown between curative care patterns and provided pre-
ventive care. There was also a large spread in the provided OHS within the various caries
risk profiles. These diversities indicated treatment variation between GDPs, which is unwar-
ranted if less or more care is provided than necessary.
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Introduction

The aim of providing oral healthcare services (OHS) is to individually achieve and maintain
oral health [1]. In young patients, this mainly focuses on preventing the development of caries
lesions or progression of existing lesions. In other words, keeping the caries risk low or lower-
ing the caries risk.

However, there is uncertainty about the management of dental caries in young patients [2]
and GDPs therefore differ in their treatment approach. These differences may of course be
caused by a difference in the caries risk of patients. In addition, depending on their personal
opinions about ’proper care’ for young patients, GDPs vary in the way they prevent and treat
caries lesions [3, 4]. Treatment variation is warranted if it is caused by differences in caries risk
and caries activity in patients but is unwarranted if it has a negative impact on the quality or
costs of care [5, 6]. For instance, variation in preventive and curative treatment approaches
can lead to overtreatment with iatrogenic damage and unnecessary costs as a result. On the
other hand, it can lead to undertreatment, with unnecessarily higher caries incidence and bur-
den of disease, and ultimately also higher costs as a result [7].

In the Netherlands, costs for OHS for patients under 18-years old are almost fully covered
by a legally required standard health insurance and the payment system is fee-per-item. There-
fore, the treatment approach of a GDP can be seen in the pattern of the claims data on the pro-
vided care. This care is often expressed as the proportion of patients with a certain procedure
and/or as the mean number of a specific procedure per patient over a certain period [8-10].
This indicates the average care provided to a patient population in a certain period. Longitudi-
nal data are needed to gain insight into the effects of that care. They also allow the description
of caries-related care patterns over a longer period based on the number of years that preven-
tive and curative care has been provided to a patient.

Another approach is to consider caries-related treatments as an approximation of caries
risk. Mettes et al. [11] have proposed using the number of new caries lesions as a measure.
Hummel et al. [12] have applied this idea by considering a claimed new restoration as an
approximation of a new caries lesion. Based on the number of new restorations claimed in the
baseline period of 2 years, they were able to divide their study population into 3 risk categories:
low (no new restorations), moderate (1 new restoration) and high (2 or more new restora-
tions). Three years later, the risk category was reassessed. In 21% of the participants this was
higher and therefore, there was a deterioration of oral health, in 19% there was an improve-
ment in oral health and in 60% the risk category was unchanged. Another way to represent
this is to combine the caries risk at the beginning and the end of a period to form a longitudi-
nal caries risk profile.

Treatment variation is usually shown with cross-sectional data, reflecting one moment in
time. With longitudinal data, provided care could be compared over time. This would provide
a more robust picture. A combination of provided preventive and curative care over time
would allow for the examination of the relationship between them. As longitudinal care pat-
terns and caries risk profiles were not described before, the aim of this observational study was
to distinguish longitudinal caries-related patterns in Dutch children and adolescents and to
reveal any treatment variation between GDPs over time. The research questions were:

i. Can care patterns and caries risk profiles be distinguished among young patients based on
dental procedures over a period of at least 4 to a maximum of 5 years?

ii. Are there differences in demographic characteristics of patients between the various care
patterns and, if so, which?
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iii. Are there differences between GDPs in provided preventive care to patients with similar
curative care patterns and if so, which?

iv. Are there differences in provided care between the caries risk profiles and if so, which?

Methods

For this study, GDPs delivered data on the care provided to young patients in their dental
practice over a period of 5 years. The study was set up by the Department of Oral Public Health
from the Academic Centre for Dentistry Amsterdam (ACTA) and was carried out in collabo-
ration with the Royal Dutch Dental Association (KNMT), the Radboud University Medical
Center and software supplier Vertimart (supplier dental software program Exquise).

Participants and included patients

Dentists could participate in the study voluntarily. At the time of the data collection, they were
working as GDPs, had been working in the same dental practice since 2013, had been using
software program Exquise since 2013 and had been seeing at least 50 young patients (up to 17
years) for routine oral health examinations (ROEs). Participation was not possible for GDPs
who were working in a dental practice that was part of a group of practices where the care pro-
vided and claimed could not be attributed to a specific practice location.

The participating GDPs delivered data on all care provided in their practice to patients
born between 1 January 2000 and 31 December 2012. Hence, during the study period (January
2013-December 2017), patients were 0 to 17 years old and insured for the costs of OHS
throughout this period. Subsequently, only regular patients were selected for inclusion in the
analyses. Those were patients who, during the study period, had visited the participating dental
practice in all 5 calendar years for at least 1 ROE with a gap of 1 year at the most, or in 4 conse-
cutive calendar years (2013-2016 or 2014-2017) also with a gap of 1 year at the most (see the
table in the results section).

Data collection

Claims data was collected on the OHS provided over the period 1 January 2013 to 31 Decem-
ber 2017. This was done on behalf of the KNMT by the trusted data management and data pro-
tecting agency KBA in Nijmegen (https://www.kbanijmegen.nl/) via an application in the
dental software program Exquise, which is an electronic patient record. The application was
built in by its developer Vertimart. The data collection for research purposes was from 31
August 2020 to 19 February 2021. The medical Ethics Review Committee of VU University
Medical Center waived the requirement for informed consent as they judged that the Medical
Research Involving Human Subjects Act did not apply to this study (number 2019.551).

On behalf of the researchers, Vertimart invited the users of Exquise to participate in the
study. If GDPs consented to participate, they sent data from their electronic patient records to
the trusted data management and data protecting agency under non-traceable identification
codes. This agency collected, administered, and saved the research data, ensuring that infor-
mation could not be traced back to GDPs and patients in any way. The researchers were only
given access to a database containing completely anonymous information.

Data processing

The following information per patient was available: a (non-traceable) patient number, year of
birth, gender, the income category linked to the 4-digit postal code of the home address and
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the procedure codes of all received OHS. Each procedure code contained additional informa-
tion: a (non-traceable) code of the dental practice that provided the procedure, the treatment
date and, if applicable, the tooth number.

To be able to interpret the data on the provided care, it was necessary to process them.

The focus was mainly on radiographs made for caries diagnosis (bitewing radiographs). Peri-
apical radiographs and bitewing radiographs had an identical procedure code. In some
cases, a tooth number was added. Intraoral radiographs with tooth numbers were assumed
to have been indicated for tooth-related reasons such as trauma or endodontic treatment.
Therefore, these radiographs were excluded.

Incidentally, a GDP claimed a total of 6 or 12 anterior one-surface-restorations on the same
day for a patient. This mostly concerned patients who had also undergone orthodontic pro-
cedures or patients of GDPs who performed orthodontic treatments themselves instead of
referring to an orthodontist. For this reason, it was assumed that these one-surface-restora-
tions were (incorrectly) used for the attachment of a fixed orthodontic retainer and were
therefore excluded.

If the only tooth extraction(s) in the permanent dentition of a patient concerned 1 or more
premolars, these were considered to have been indicated for orthodontic reasons and
regarded as orthodontic procedures. Moreover, extractions of permanent teeth did not
occur very often (11.8% of all tooth extractions), almost three-quarters of them were premo-
lars. Caries in premolars is relatively uncommon in young patients [13]. This supported our
assumption that these tooth extractions were part of orthodontic interventions.

For sealants and Non-Operative Caries Treatment and Prevention in the primary dentition
(NOCTP), it was considered more relevant whether those procedures were provided than
the exact number of these procedures. The difference between patients who did or did not
receive these procedures was larger than the differences between the patients who did receive
these procedures. Their number per session was therefore recoded into none versus 1 or
more.

The number of years that a patient was included was determined by the number of years in
which one or more ROEs had been executed. This was either 5 years if a patient had had at
least 1 ROE in at least 4 study years and any missing year was an intermediate year, or 4
years if the missing year was 2013 or 2017 and the patient had at least 1 ROE in at least 3 of
the other study years. If a patient had not had a ROE in the first or last study year (2013 or
2017), but did get other OHS in that specific year, those OHS were converted into missing. It
was assumed that this was not yet or no longer a regular patient in that year (see the table in
the results section).

Per type of procedure, the numbers per year and during the entire study period were added
per patient. This included 12 different procedures: ROEs, incidental consultations, intra-oral
radiographs, sessions involving oral hygiene instruction, sessions involving professional
tooth cleaning, sessions involving fluoride treatment, sessions involving 1 or more sealants,
sessions involving NOCTP, restorations (including prefabricated crowns for primary teeth),
tooth extractions, endodontic treatments, and orthodontic procedures (an overview is
shown in Table 1).

The year of birth was converted into age on 1 January 2013. That is age at the start of the
study period.
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Table 1. Overview collected procedures.

Diagnostics

« Routine oral health examinations (ROEs)

« Incidental consultations

« Intraoral radiographs (bitewing radiographs)

Prevention

« Sessions involving oral hygiene instruction

« Sessions involving professional tooth cleaning

« Sessions involving fluoride treatment

« Sessions involving 1 or more sealants

Curation

« Session involving Non-Operative Caries Treatment and Prevention in the primary dentition (NOCTP)
« Restorations (including prefab crowns for the primary dentition)
« Extractions

« Endodontic treatments

Orthodontics

« Orthodontic procedures

https://doi.org/10.1371/journal.pone.0299470.t001

o The determination of the family’s income category was based on the 4-digit postal code of
the patient’s home address when the first claim was made. For this purpose, a table with
income data per neighborhood in 2013 from Statistics Netherlands was used [14]. This table
showed the number of inhabitants per neighborhood, the average income per inhabitant
and the 4-digit postal code. Sometimes a certain postal code was found in several neighbor-
hoods. In those cases, a weighted average income for that postal code has been calculated.
No data were available for neighborhoods with less than 100 inhabitants. Percentiles were
calculated on the average income per inhabitant over all neighborhoods in the Netherlands.
Then, the patients were classified into income categories: low (lowest 30%), medium (middle
40%), high (highest 30%) or unknown (no data available).

Care patterns

To distinguish the preventive care patterns over 4 to 5 years, the number of sessions per year
involving oral hygiene instruction, professional tooth cleaning, fluoride treatment and sealing
were added. Then, this was dichotomized per year into prevention yes or no. Based on this,
patients were classified into one of 3 preventive care patterns: no prevention (P0), occasional
prevention (2 or more years without prevention (P1)) or regular prevention (0 years or 1 year
without prevention (P2)). This classification was based on the extent of periodic focus on pre-
ventive care, regardless of the type of procedure, for two reasons. Firstly, repetition is impor-
tant in preventive care. Secondly, as there was uncertainty about the most effective preventive
care, dental practices could vary in the kind of preventive care they provided despite a similar
focus on prevention [2].

To distinguish the curative care patterns over 4 to 5 years, the number of sessions involving
NOCTP, the number of prefab crowns in primary teeth, restorations in primary and perma-
nent teeth and extractions of primary and permanent teeth were added per year. This was also
dichotomized per year, into curative treatment(s) yes or no. The number of years with cura-
tion were summed and patients were assigned to one of 3 curative care patterns: no curative
treatments (CO0), curative treatment(s) in 1 year (C1) or curative treatments in several years
(C2). This classification was modified from the caries risk categories based on caries-related

PLOS ONE | https://doi.org/10.1371/journal.pone.0299470  February 23, 2024 5/18


https://doi.org/10.1371/journal.pone.0299470.t001
https://doi.org/10.1371/journal.pone.0299470

PLOS ONE

Longitudinal patterns of provided oral healthcare services to Dutch young patients

Table 2. Combined longitudinal preventive and curative care patterns.

Curative care pattern

Preventive care pattern

no prevention (P0) occasional prevention (P1) 2 regular prevention (P2) b)
no curative treatments (C0) CO0/ PO Cl1/P1+P2
curative treatment(s) in 1 year (C1) C1/P0+P1 Cl1/P2
curative treatments in several years (C2) C2/P0+P1 C2/P2

92 or more years without preventive care

i) years or 1 year without preventive care

https://doi.org/10.1371/journal.pone.0299470.t002

treatments over a 2-year period: no procedures (low), 1 procedure (elevated), and 2 or more
procedures (high) [11].

Subsequently, the 3 preventive and 3 curative care patterns were combined and reduced to
6 combined care patterns. These could show relationships between curative and preventive
care patterns in patients and in groups of patients with different demographic characteristics.
A certain relationship could be expected between the curative and preventive care provided to
a patient. Within the group receiving no curative treatment, a distinction was therefore made
between patients who did not versus did receive prevention. Within the groups curative treat-
ment(s) in 1 year or several years, a distinction was made between patients who regularly
received preventive care versus patients who did not receive or occasionally received preven-
tive care. This is shown schematically in Table 2.

Caries risk

Based on the clinical model of Mettes et al. (2010), a patient’s risk category was assessed by the
total number of caries-related procedures in a 2-year period. These included restorations in
primary and permanent teeth, prefab crowns in primary teeth, sessions involving NOCTP,
and extractions of primary and permanent teeth. Then, the risk category per patient was
defined as: no caries-related procedures (low); 1 caries-related procedure (elevated) and 2 or
more caries-related procedures (high).

The longitudinal caries risk profile was based on the data from a patient’s first 2 available
years in the dataset (beginning) and then based on the last 2 available years (end). Combining
the risk category at the beginning with the risk category at the end resulted in 9 longitudinal
caries risk profiles (see the table in the results section). Subsequently, these were reduced to
5-fold profiles. These 5-fold profiles indicated the direction in which a patient’s caries risk had
moved and hence, indicated stable, improved, or deteriorated oral health. The classification
for these profiles was: low at beginning and end, improved to low, elevated at the end, deterio-
rated to high, and high at beginning and end. The risk profile elevated at the end was an inter-
mediate group where the direction of the caries risk was unclear: from low to elevated,
elevated remained elevated, high to elevated. In any case, there was something going on with
these patients, they received 1 caries-related procedure in the 2 years at the end. Therefore,
they were (still) at elevated risk.

Study outcomes

Care patterns and caries risk profiles were distinguished among young patients based on den-
tal procedures over a period of at least 4 to a maximum of 5 years. This led to 4 primary out-
comes: the distribution across the study population of 1) longitudinal preventive care patterns,
2) longitudinal curative care patterns, 3) combined longitudinal curative and preventive care
patterns, and 4) longitudinal caries risk profiles.
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There were 5 secondary outcomes: 1) per longitudinal care pattern, demographic character-
istics of patients as shown by the mean age, the distribution of boys and girls and the distribu-
tion of different average-income neighborhoods, 2) the distribution of longitudinal curative
and preventive care patterns per dental practice, 3) per curative care pattern, the mean number
of preventive procedures per patient per dental practice, 4) the distribution of longitudinal
curative care patterns per longitudinal caries risk profile, 5) per caries risk profile, the percent-
age of patients receiving a procedure and the mean number of procedures per patient per year.

Data analyses

Differences in mean age between included and non-included patients were tested with an
independent samples t-test, and differences in the distribution of boys and girls, and in the dis-
tribution of income categories with Chi-square tests. Differences in demographic characteris-
tics between preventive, curative and combined curative and preventive care patterns were
analyzed consecutively. To reveal differences in mean age, one-way ANOVA tests with a post
hoc Tukey test were used. To reveal differences in the distribution of boys and girls, as well as
in the distribution of income categories, Chi-square tests with post hoc pair-wise z-tests and
Bonferroni correction were used. Differences between the caries risk profiles in the percent-
ages of patients receiving a certain procedure were also analyzed with Chi-square tests and
Bonferroni-corrected post hoc tests. Differences between the caries risk profiles in the mean
number of procedures per patient per year were tested with one-way ANOVA and post hoc
Tukey test. Differences with a p-value of less than 0.05 (Bonferroni corrected where applicable)
were considered statistically significant. Post hoc tests were only conducted if the overall
ANOVA or Chi-square test was statistically significant. SPSS (version 27) was used for all
analyses.

Results
Patients

A total of 37 GDPs delivered data on the care they provided to 26,216 patients born between 1
January 2000 and 31 December 2012. Of these, 9,987 non-regular patients were excluded, leav-
ing 16,299 patients for inclusion in the analyses. Of them, 79.2% had a follow-up of 5 years and
20.8% had a follow-up of 4 years. Respectively 11.8% and 22.6% of the patients with 5 and 4
years of follow-up had not had a ROE in an intermediate year (see Table 3). The demographic
characteristics of the included patients are described in Tables 4 and 5.

A comparison between included and non-included patients showed that the included
patients were on average somewhat older on 1 January 2013 (6.8 (SD 3.5) versus 5.3 (SD 3.9)),
were less likely to live in a neighborhood with low incomes (31.6% vs. 38.7%), were more likely
to live in a neighborhood with middle incomes (42.3% vs. 35.3%), and were less frequently a
boy (50.5% vs. 52.0%).

Care patterns

Table 4 shows the distribution of preventive, curative, and the combined curative and preven-
tive care patterns. Almost one in ten patients (9.2%) did not get any preventive care (P0),
41.6% received no curative treatments (C0) and 5.8% of patients had had neither preventive
care nor curative treatments (C0/P0). Most patients (55.7%) received preventive care almost
annually (P2). The most common combined care pattern (35.9%) was no curative treatments
but prevention (C0/P1+P2), followed by (20.7%) the combination curative treatments in sev-
eral years and regular prevention (C2/P2).
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Table 3. Selection of regular patients based on the pattern of routine oral health examinations (ROEs).

Patients in selection (N = 16.229)

1 or more ROEs in N (%) number of years included in study if no ROE, exclusion of care provided in
2013 2014 2015 2016 2017
v v v v v 11,506 (70.9) 5 n/a
v v v v 417 (2.6) 5 n/a
v v v v 478 (2.9) 5 n/a
v ' v v 459 (2.8) 5 n/a
v v v v 801 (4.9) 4 2017
v v v 137 (0.8) 4 2017
v v v 144 (0.9) 4 2017
v v v v 1,947 (12.0) 4 2013
v v v 189 (1.2) 4 2013
v v v 151 (0.9) 4 2013
Patients not in selection (N = 9.987)
1 or more ROEs in
3 consecutive years or 3 years with a gap of 2 2,590 0 n/a
consecutive years
2 years 2,758 n/a
1 year 3,218 n/a
not any year 1,421 n/a

https://doi.org/10.1371/journal.pone.0299470.t003

The mean age differed over the preventive, curative, and combined patterns, respectively
(for all p<0.01). Table 4 shows that the mean age per care pattern differed between all 3 pre-
ventive care patterns. The older the patients, the more prevention they got. Patients without
curative treatment(s) (C0O) were younger on average than those who had curative treatments in

Table 4. Distribution of longitudinal care patterns and mean age per care pattern.

care pattern N % of total mean age Jan. 2013 (sd)
total 16,229 (100) 6.8 (3.5)

Distribution of demographic characteristics per preventive care pattern
PO—not any 1,492 9.2) 4.7 (4.0) bie
P1—occasionally 5,704 (35.1) 5.3(3.5) ®e
P2—regularly 9,033 (55.7) 8.0 (2.7) P
Distribution of demographic characteristics per curative care pattern
CO—not any 6,758 (41.6) 6.2 (3.7) of
Cl—in 1 year 4,296 (26.5) 7.3 (3.3) d
C2—in >1 year 5,175 (31.9) 7.2 (3.1) d
Distribution of demographic characteristics per combination of curative and preventive care pattern
C0/ PO 936 (5.8) 3.9 (3.8) i
CO/P1+P2 5,822 (35.9) 6.5 (3.5) G
C1/P0+P1 1,773 (10.9) 5.8 (3.7) ghjl
Cl1/P2 2,523 (15.5) 8.4(2.6) hikl
C2/ PO+P1 1,819 (11.2) 5.9 (3.4) ehil
C2/P2 3,356 (20.7) 7.8 (2.7) G
Statistically significant difference in mean age on the 0.05 level between this care pattern and
*P0,”P1,°P2.4C0,°C1,7C2,8C0/ PO, CO/ P1+P2,' C1/PO+P1,) C1/P2,* C2/P0+P1,' C2/ P2.
https://doi.org/10.1371/journal.pone.0299470.1004
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Table 5. Distribution of gender and average income neighborhood per longitudinal care pattern.

care pattern N gender average income in neighborhood

boys girls low medium high unknown

N %) N (%) N (%) N (%) N (%) N| (%)

total | 16,229 8,200 (50.5)| 8,029 (49.5)| 5,057 (31.2) 6,857 | (42.3) 4,089 (25.2) 226 (1.4)

Distribution of demographic characteristics per preventive care pattern
PO—not any 1.492 743 | (49.8) 749 | (50.2) 432 (29.0)| °* 767 | (51.4) | 273 (183)| **| 20 (1.3)
P1—occasionally 5704 | 2,811 | (49.3) 2,893 | (50.7)* | 1,847 | (32.4)| | 2412 (423) 411,388 | (24.3) 4 57 (o) *be
P2—regularly 9.033 | 4,646 (51.4) 4,387 (48.6)| 2,778 (30.8)| °%| 3,678 (40.7)| ¢ 2,428| (26.9)| ** 149 (1e)| *P
Distribution of demographic characteristics per curative care pattern
CO—not any 6.758 | 3,444 | (51.0)| 3,314| (49.0)| 1,799 (26.6) ®°| 3,038| (45.0)| *¢| 1,845| (273) **| 76| (11)| °*
Cl—in 1 year 4296 | 2,131| (49.6)| 2,165 (50.4)| 1,359 (31.6) 1,772 | (41.2) 1,108 | (25.8) 57 (1.3)
C2—in >1 year 5175 2,625| (50.7)| 2,550 | (49.3)| 1,899 (36.7)| ™| 2,047 (39.6)| 4| 1,136| (22.00] 4| 93 (1.8) | b
Distribution of demographic characteristics per combination of curative and preventive care pattern
C0 /PO 936 465 | (49.7) 471|  (50.3) 269| (28.7)| ° 466 | (49.8) | *¢ 186 | (19.9) b5 (1.6)
C0/P1+P2 5822 2979 (51.2)| 2,843  (48.8)| 1,530 (263) ™| 2572 (442)| *¢| 1659 (28.5) *™4 61 (1.0) b€
C1/P0+P1 1.773 853 | (48.1) 920| (51.9) 584 | (329) °© 782 | (44.1) < 387 (218) **| 20 (1.1)
C1/P2 2523 1,278 (50.7) 1,245 (49.3) 775 (30.7) € 990 (39.2) € 721 (286) ** 37 (1.5)
C2/ P0+P1 1.819 909 | (50.0) 910 |  (50.0) 676 | (37.2)| °° 764 | (42.0) *° 352 | (19.4) ** 27 (1.5)
C2/P2 3356 1,716 (51.1) 1,640  (48.9) 1,223 (364) >° 1,283 (382) *¢ 784 (234) ** 6 (20) O

* Statistically significant difference in the distribution of boys and girls on the 0.05 level in P1 and in P2

Statistically significant difference on the 0.05 level, per care pattern (per row) between this category for average income neighborhood and * low-income neighborhoods,

® medium-income neighborhoods, © high-income neighborhoods, ¢ unknown-income neighborhoods.

https://doi.org/10.1371/journal.pone.0299470.t005

1 or several years (C1 and C2). The mean age differed between all combined care patterns
except between curative treatment(s) in 1 year combined with no or occasional preventive care
(C1/P0+P1) and curative treatments in several years combined with no or occasional preven-
tive care (C2/P0+P1). Patients who received no curative treatments and no prevention (C0/
P0) were the youngest on average. In all combined care patterns, patients who regularly
received prevention were older than those who received no or occasional prevention.

The distribution of boys and girls differed only between the preventive care patterns
(p<0.05). Table 5 shows that girls were relatively overrepresented in the care pattern occa-
sional preventive care and boys in regular preventive care. The distributions of patients from
different average-income neighborhoods were different between preventive, between curative
and between combined care patterns, respectively (for all p<0.01). Patients from medium-
income neighborhoods were relatively overrepresented in the care pattern no prevention (P0)
and patients from high-income neighborhoods in regular preventive care (P2). Most patients
from medium and high-income neighborhoods had no curative treatments (C0), most patients
from low-income neighborhoods had curative treatments in several years (C2). The distribu-
tion of the average-income neighborhood categories across curative treatment(s) in 1 year
(C1) was as expected. Furthermore, patients from low-income neighborhoods were relatively
overrepresented in the combined care pattern curative treatments in several years and regular
preventive care (C2/P2), patients from medium-income neighborhoods were relatively over-
represented in no curative treatment(s) and no preventive care (C0/P0), and patients from
high-income neighborhoods were relatively overrepresented in curative treatment(s) in 1 year
and regular preventive care (C1/P2).
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A. Distribution of curative care patterns per dental practice B. Distribution of preventive care patterns per dental practice
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Fig 1. Distribution of curative and preventive care patterns per dental practice (n = 37). The percentages of
patients with no curative treatments and patients with curative treatment(s) in 1 year were added and dental practices
were then ranked in descending order (Fig 1A). The dental practices in Fig 1B are shown in the same order.

https://doi.org/10.1371/journal.pone.0299470.9001

Provided care per dental practice

Fig 1 shows the distribution of curative and preventive care patterns per dental practice. There
was variation in the distribution of curative care patterns between dental practices and thus in
the caries-related care provided to their patient population. The distribution of preventive care
patterns per dental practice, arranged in the same order, then showed that there was no rela-
tionship between curative and preventive care patterns at the practice level. Despite a patient’s
curative care pattern, some dental practices provided no prevention or occasional preventive
care (such as dental practices 21, 26 and 29), while other dental practices regularly provided
preventive care to all their patients (such as dental practices 25 and 39). Fig 2 shows the pro-
vided preventive care per dental practice (ranked in ascending order) to patients in the various
curative care patterns.

Caries risk

Based on the first 2 years in the data set (beginning), the caries risk of 65.5% of the patients
analyzed was low, of 13.5% elevated and 21.1% high. In total, the caries risk decreased in 19.7%
of the patients, remained the same in 56.3% and increased in 24.1%. So, after 2 or 3 years of fol-
low-up, the caries risk of 60.8%, 15.3% and 24.0% of the patients was respectively low, elevated,
and high.

The largest group of patients (45.2%) had a low caries risk at the beginning and at the end
of the study period. In 15.6% of the patients the caries risk decreased to low (7.3% was elevated
at the beginning and 8.3% was high), and in 4.0% the caries risk decreased from high to
elevated.

A small minority of patients (8.7%) had a high caries risk at the beginning and at the end of
the study period. In 15.3% of the patients the caries risk increased to high (11.4% was low at
the beginning, 3.8% was elevated), and in 8.9% the caries risk increased from low to elevated
(see Table 6).

A. Mean number of preventive procedures per year provided to B. Mean number of preventive procedures per year provided to C. Mean number of preventive procedures per year provided to
patients without curative treatments (C0) patients with curative treatment(s) in 1 year (C1) patients with curative treatments in several years (C2)

o = AELLLRRLRLE (L RRRRRRRRRRAEE]
262021 1A IOASIIATAO 3 104 242 SIBITAAIZI2TS 13630 7 188 30122362025

dental practice dental practice dental practice

Fig 2. Mean number of preventive procedures per curative care pattern per dental practice (n = 37). The mean
number of 4 preventive procedures were added and dental practices were then ranked in ascending order (Fig 2A).
The dental practices in Fig 2B and 2C are shown in the same order.

https://doi.org/10.1371/journal.pone.0299470.9002
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Table 6. Distribution of caries risk categories at the beginning and end of the study period and of longitudinal caries-risk-profiles over 4 to 5 years; 9- fold and
5-fold (n = 16,229).

caries-risk category beginning, and end based on first 2 years longitudinal caries-risk-profile; 9-fold longitudinal caries-risk profile; 5-fold
and last 2 years in dataset

beginning n (%) end n (%) | beginning end n (%) | course n (%)

low low 7,337 (45.2) low at beginning and end 7,337 (45.2)

low 10,629 (65.5) | low 9,864 (60.8) | elevated low 1,179 (7.3) | improved to low 2,527 (15.6)
high low 1,348 (8.3)

high elevated 657 (4.0) | elevated at the end 2,476 (15.3)
elevated 2,183 (13.5) | elevated 2,476 (15.3) | elevated elevated 382 (2.4)
low elevated 1,437 (8.9)

low high 1,855 (11.4) | deteriorated to high 2,477 (15.3)
high 3,417 (21.1) | high 3,889 (24.0) | elevated high 622 (3.8)

high high 1,412 (8.7) | high at beginning and end 1,412 (8.7)

https://doi.org/10.1371/journal.pone.0299470.t006

Longitudinal curative care patterns and caries risk profiles

Fig 3 shows the distribution of longitudinal curative care patterns per longitudinal caries risk
profile. Low at beginning and end was the only risk profile involving no curative treatment(s)
(C0), in addition, a small group (7.9%) had curative treatment(s) in 1 year (C1). This con-
cerned patients who were included 5 years and received caries-related treatment(s) in the
intermediate year (3rd year in dataset).

The risk profiles improved to low, elevated at the end and deteriorated to high showed a
mix of curative treatment(s) in 1 year (C1) and several years (C2). Thereby, the distribution
shifted more and more towards curative treatments in several years (C2) and within this care
pattern the number of years with curative treatment also increased.

100
o 1 L1 —
© 90
o
2w
©
S 70
o
g 60
a2 E  s0
c2
23 40
o Q.
o 30
o
g’,’ 20
©
= 10
3
° 0
% low at beginning improved elevated deteriorated high at beginning

and end to low at the end to high and end
longitudinal caries risk profile
C0 =C1 C2-2yrs C2-3yrs mC2-4yrs mC2-5yrs

Fig 3. Distribution of longitudinal curative care patterns per longitudinal caries risk profile. C0 is no curative
treatments; C1 is curative treatment(s) in 1 year; C2 is curative treatments in several years, subdivided into 2, 3, 4 and 5
years. The difference in the distribution of longitudinal curative care patterns (CO0, C1, and subdivided C2) between
longitudinal caries risk profiles was statistically significant: Chi-squared tested, p < 0,001.

https://doi.org/10.1371/journal.pone.0299470.g003

PLOS ONE | https://doi.org/10.1371/journal.pone.0299470  February 23, 2024 11/18


https://doi.org/10.1371/journal.pone.0299470.t006
https://doi.org/10.1371/journal.pone.0299470.g003
https://doi.org/10.1371/journal.pone.0299470

PLOS ONE

Longitudinal patterns of provided oral healthcare services to Dutch young patients

The risk profile high at beginning and end consisted exclusively of patients who had had
curative treatments in several years (C2) and 12.2% of them received curative treatments in all
5 study years.

Provided care per longitudinal caries risk profile

Table 7 describes the mean number of diagnostic, preventive, and curative OHS per patient
per year for each 5-fold longitudinal caries risk profile. The most frequently conducted preven-
tive procedure was professional tooth cleaning. Oral hygiene instructions, fluoride treatments,
and sessions involving sealants were provided least often to patients in caries risk profile low at
beginning and end, and most often to patients in risk profile high at beginning and end. Pro-
fessional tooth cleaning was done mostly in patients whose caries risk improved to low. The
spread of the care provided within the various caries risk profiles was large.

Discussion

To our knowledge, this is the first observational study in which longitudinal caries-related care
patterns provided to Dutch young patients have been described. To do this, longitudinal pre-
ventive and curative care patterns were distinguished over a period of 4 to 5 years and ana-
lyzed. These patterns were based on the frequency of provided care to either prevent or treat
caries over the years, regardless of the specific procedure. The combination of preventive and
curative care patterns showed that most young patients did not receive curative treatment(s)
(CO0) but received occasional or regular preventive care (P1+P2). Patients from high-income
neighborhoods got more prevention and patients from low-income neighborhoods more cura-
tive treatments. These health differences between children with a high and low socio-economic
position are known from the literature [15] and have also been found in periodic epidemiolog-
ical studies commissioned by the National Health Care Institute [16]. Nevertheless, the differ-
ences in provided preventive care are remarkable because the costs are covered for everyone
up to the age of 17 from the standard health insurance.

There was considerable variation between dental practices in the distribution of curative
and preventive care patterns and there was no relationship between both patterns. Even when
looking at the provided preventive care separately for each curative care pattern, there was
considerable variation. Dental practices often applied the same preventive approach to most of
their patients. This is very similar to supply-sensitive care, which means that the (frequency of
the) provided care is mainly determined by the care provider and cannot be explained by the
health situation of his patients. This can especially occur if evidence-based clinical practice
guidelines are barely available [5]. For oral healthcare there were only a few clinical guidelines
available indeed and the fee-per-item system could further encourage unwanted treatment var-
iation [17]. Anyway, uncertainty about the most effective preventive or curative treatment for
various types of caries lesions was reason for KIMO to publish the clinical practice guideline
Oral healthcare (0-18 yrs) prevention and treatment of dental caries [2]. It is recommended to
focus primarily on motivating and training children to promote healthy behavior for good oral
health, to administer (additional) fluoride if necessary and to seal therapeutically. If restorative
treatment is necessary anyway, it should be minimally invasive.

Obviously, there is a correlation between curative care patterns and caries risk profiles.
Both are, in different ways, based on caries-related treatments. Caries risk profiles cover the
number of caries-related treatments in blocks of 2 years, one block at the beginning and one at
the end of the study period. In those cases that patients were included for 5 years, any caries-
related treatments in the intermediate year were therefore not visible. For curative care pat-
terns, only the number of years with curative treatment was considered. This could be 0, 1, or
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Table 7. Percentage of patients that received a procedure 1 or more times during the study period and mean number of procedures per patient per year per longitu-
dinal caries-risk-profile.

Longitudinal caries-risk profile

procedure improved to low elevated at theend | deteriorated to high | high at beginning and total
end

ROE"

- mean number (sd) * 1.60 (0.34) @ 1.61 (0.34) @ 1.59 (0.34) a 1.62 (0.36) 2 1.59 (0.34)

incidental consultation

- % of patients ** 26.3 a8 25.2 2 27.8 og 350 | bed 22.0

- mean number (sd) * 0.09 (0.19) 2 0.08(0.17) ade | 0,10 (0.20) aee | 013(0.23)  *®=d| 0.07(0.17)

intraoral radiograph

- % of patients * 522 *4 46.3 el 465 b 56.7 oed 41.8

- mean number (sd) * 0.30 (0.35) | % 0.27(0.35) abe | 027 (0.36) abe | 039(043) >4 0.24(0.35)

oral hygiene instruction

- % of patients ** 57.1 a8 55.2 2 56.4 og 63.3 | bed 51.9
- mean number (sd) * 0.34 (0.46) a6e | 0.30 (0.42) abe 032 (0.44) ¢ 043(0.53) >4 0.28 (0.42)
professional tooth cleaning

- % of patients ** 763 | »ode 69.8 2 67.9 b 69.5 b 68.8
- mean number (sd) * 0.73 (0.67) | % 0.63 (0.64) > 0.60 (0.64) > 0.63(0.66) > 0.63(0.65)
fluoride treatment

- % of patients ** 66.3 a8 63.1 2 65.4 og 78.0 | bed 59.7

- mean number (sd) * 0.71 (0.68) | % | 0.61 (0.64) abe | 059 (0.61) abe | 0.83(0.65) >4 0.58 (0.64)

sealant(s), per session

- % of patients ** 47.9 a8 48.3 2 45.4 og 56.6  ~*bed 42.6
- mean number (sd) * 0.16 (0.22) ade | 0,15 (0.20) 2| 0.14 (0.20) abe | 0.19(0.23) >4 0.13(0.20)
NOCTP, per session 2

- % of patients ** 83  ood 39| obde 23| *bee 10.2 oed 3.2

- mean number (sd) * 0.02(0.07) | *%¢|  0.01(0.06) | *>*| 0010.04) *®>°¢| 003(0.12) *>>¢| 0.01(0.06)

)

restorations >

736 Sode 84,4 | bde 89.3 | aboe 989 | abed 49.0
0.37 (0.42) | *%¢ | 041(042) | *>%¢| 074059 *®°°| 165099 *>°¢|  0.38(0.64)

- % of patients **

- mean number (sd) *

tooth extraction

444 | ode 37.4 alg 37.6 ol 567 | bed 24.7
0.17 (0.27) aee | 012(0.20) | *™%e | 0.17(0.28) el 030(0.39) *®°4|  0.10(0.23)

- % of patients **

mean number (sd) *

endodontic treatment

- % of patients ** 1.5 a8 23 2 2.4 og 56 vbed 1.5
- mean number (sd) * 0.00 (0.03) > 0.01(0.03) €| 0.01(0.04) 1 0.01(0.07) | *>4  0.00(0.03)
orthodontic procedure ¥

- % of patients ** 12.3 2 98| b 12.9 og 10.0 a 9.6
N patients 2,527 2,476 2,477 1,412 16,229
(%) (15.6) (15.3) (15.3) (8.7) (100)

The difference in the percentage of patients that had received the procedure and the mean number of procedures per patient per year between the 5 longitudinal caries-
risk-profiles was statistically significant

* one-way ANOVA tested, p < 0.001

** Chi-square tested, p < 0.001

Y Routine oral health examination

? Non-Operative Caries Treatment and Prevention

% Restorations in the primary and permanent dentition and prefab crowns in the primary dentition

1 or more orthodontic procedures during the study period. Orthodontic treatment provided by another dental practice or by an orthodontic practice was not visible
in the data

Statistically significant difference between caries risk profiles on the 0.05 level, per procedure

* between this caries risk profile and low at beginning and end, > between this caries risk profile and improved to low, € between this caries risk profile and elevated at

the end, ¢ between this caries risk profile and deteriorated to high,  between this caries risk profile and high at beginning and end.

https://doi.org/10.1371/journal.pone.0299470.t007

PLOS ONE | https://doi.org/10.1371/journal.pone.0299470  February 23, 2024 13/18


https://doi.org/10.1371/journal.pone.0299470.t007
https://doi.org/10.1371/journal.pone.0299470

PLOS ONE

Longitudinal patterns of provided oral healthcare services to Dutch young patients

2 to 5 years. The distribution of the years with curative treatment was not taken into account.
For example, 2 years with curative treatments could be completely at the very beginning or
end of the period. Nevertheless, there was a clearly distinguishable distribution of curative care
patterns per risk profile.

The percentages of patients with improved and deteriorated oral health after 2-3 years of
follow-up were in line with the previous findings of Hummel et al. [12]. The goal of oral
healthcare, keeping the caries risk low or lowering the caries risk, was achieved in almost two
thirds (60.8%) of all patients included. Meanwhile, 15.3% deteriorated to high caries risk and
8.7% remained unchanged at high caries risk. At the same time, 8.9% deteriorated from low to
elevated caries risk.

A remarkable finding was that professional tooth cleanings were most often done in
patients who improved to low caries risk. It is to be expected that this was only indicated in
patients with insufficient self-care, which would then remain a risk factor for the development
or progression of caries lesions [18]. Patients who improved to low (15.6%) and patients who
had a high caries risk both at the beginning and at the end (8.7%) received the most preventive
care. However, the spread was considerable.

In a previous study by Hummel et al. [12], the determination of the risk category was based
on claimed restorations. Extractions have now been added to this, resulting in a higher classifi-
cation of 8% of the patients. The reason for extraction was unknown. This may have led to an
overestimation of the number of caries-related treatments because some extractions were
probably indicated due to exfoliation problems or had been related to orthodontic treatment.
For this reason, extractions of permanent premolars were excluded. Patients who improved to
low relatively often had had a tooth extraction. That may have been a non-caries-related tooth
extraction at the beginning in an otherwise caries-inactive mouth, so they were misclassified.
On the other hand, if extractions were not included, the caries risk would be underestimated.
It was assumed that a certain underestimation would give a greater bias than a possible
overestimation.

Limitations

The use of claims data on provided care has some limitations.

o NOCTP was sometimes claimed several times a day for the same tooth. Because the number
per claimed procedure was unavailable, it was not known whether this had been carried out
or whether it was a correction. That was also a reason to convert the number to 1 per
session.

o The indication for treatment was unknown. This could have caused bias. For example, resto-
rations could have been made due to trauma or the filling of an endodontic opening. Extrac-
tion of primary teeth could have been indicated due to problems with exfoliation and
extraction of premolars due to lack of space. With the corrections made, we have tried to
limit these imperfections as much as possible.

The correction for the number of restorations and extractions on behalf of orthodontic rea-
sons may not have been complete. Partial reattachment of a fixed orthodontic retainer could

have been claimed with one-surface-restorations. Those were indistinguishable from caries-
related restorations.

Sometimes, the same treatments were claimed differently. For example, a GDP claimed seal-
ants as restorations, which resulted in an overestimation of the number of restorations
claimed by him. Furthermore, the procedure NOCTP was not insured by the standard health
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insurance. This procedure may have been claimed as oral hygiene instruction and/or fluo-
ride treatment. This would have led to an underestimation of the disease burden and an
overestimation of the preventive efforts.

« This study concerned the care provided within the participating dental practices. Therefore,
there was no data on the oral care that patients received elsewhere. This applied to emer-
gency care in another dental practice and care for which a patient was referred to another
dental practice. The latter may have concerned a referral to a dental hygienist, orthodontist,
or a pediatric dentist. Despite this limitation, it can be stated that the delivered data on OHS
provided to the patients involved in this study has been sufficiently to be able to distinguish
care patterns. Even more so because in the Dutch situation almost all OHS for young
patients is generally provided within a single dental practice.

A strength of this study was the inclusion of a large number of patients. However, they were
from a limited number of dental practices (N = 37). That, and the unknown clinical situation
of the patients did not allow causal analyses and estimates. Therefore, this study only had a
descriptive approach.

Relevance

This study was based on data over the period 2013-2017. Since then, no changes have been
made to the claims system nor to the existing reimbursements in the standard health insur-
ance. It can therefore be assumed that the results still reflect the care patterns that are being
provided to young patients today. However, in recent years more and more GDPs have been
implementing the NOCTP method (like the Nexe method) and after the study period, in 2020,
a guideline was published for the prevention and treatment of dental caries in young patients
[2]. Their use in practice may lead to a different treatment approach, although the publication
of a guideline does not automatically lead to its application [19].

This study was conducted in the Netherlands, but the results offer the opportunity for inter-
national reflections as the described methods can also be applied abroad. Either based on
claims data in countries with a payment system of fee-per-item or based on patient files in
other countries.

The care patterns described in this study, mainly showed the extent to which GDPs pro-
vided frequent preventive and curative care. We lumped all preventive procedures together as
well as all curative procedures. Our results clearly showed variation in the frequency of the
provision of this care between GDPs and this could be a starting point for peer discussions.
More insight in the frequency of the underlying procedures described in Table 1 would further
deepen such discussions.

The combinations of longitudinal preventive and curative care patterns offer insights into
the treatment approaches of GDPs and the extent to which they focus on the caries risk of a
patient. The classification of patients into 5 longitudinal caries risk profiles can offer GDPs
insight into the development of the oral health of their patient population and outcomes of
their care. Furthermore, relating the longitudinal curative care patterns and caries risk profiles
to the provided prevention can gain insight into the effect of that care and provide a starting
point for efficient use of preventive care. Further clinical research is needed to find explana-
tions for changes in caries risk-categories.

Treatment variation implies that the provided care is not always appropriate. Some patients
receive less care than necessary, others more [20]. This can result in poorer oral health or
unnecessary high costs. Our data did not allow definitive conclusions on under- or overtreat-
ment. The clinical situation of the included patients was unknown before, during, and at the
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end of the study period. Nonetheless, the conclusion could be made that the provided care had
signs of supply-driven care. It is difficult to identify the causes of treatment variation. It is also
difficult to distinguish between warranted and unwarranted treatment variation [6]. In this
study, only the provided care was known, but its indication was not. It is well known that
major differences exist in the Netherlands in the management of caries in the primary denti-
tion (monitoring, non-restorative, or curative treatment like restoration or tooth extraction)
[1, 3]. It is also known that GDPs differ in the stage at which they intervene restoratively in
case of caries in the permanent dentition [4]. In addition, GDPs may differ in their focus on
prevention and their attitude towards the treatment of very young patients. All of this is
expected to have an impact on the care provided. Moreover, differences in provided care may
be related to characteristics of GDPs, dental practices, and the organization of the care. Further
research is needed to gain more insight into the relationship between these factors and the care
patterns described here.

Conclusions

Using longitudinal data on provided OHS, care patterns of GDPs and caries risk profiles of
patients could be distinguished. The most common care patterns were regular preventive care,
no curative care, and the combined care pattern no curative treatments and occasional or reg-
ular preventive care. The last applied to more than a third of the young patients in the study.
Comparison of care patterns showed differences in the mean age of patients and in the distri-
bution of patients from neighborhoods with different average incomes. Moreover, comparison
of dental practices showed large differences in the distribution of preventive and curative care
patterns. And, also, in the mean number of provided preventive procedures within each cura-
tive care pattern.

The most common longitudinal caries risk profile was low caries-risk at the beginning and
end of the study period, that applied to almost half of the young patients. Longitudinal caries
risk profiles had a relationship with longitudinal curative care patterns. There also was a large
spread in the provided preventive procedures per patient within the various longitudinal caries
risk profiles.

The differences in provided preventive care were related to treatment variation between
GDPs. Dental practices seemed to apply the same preventive approach to most of their
patients. This is very similar to supply-sensitive care, which means that the provided care is
mainly determined by the care provider and cannot be explained solely by the health situation
of his patients.
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