de la Court et al. BMC Oral Health (2024) 24:912
https://doi.org/10.1186/512903-024-04687-8

BMC Oral Health

Oral health status of Dutch Armed Forces

®

Check for
updates

recruits in the years 2000, 2010 and 2020,
a retrospective repeated cross-sectional study

A.J.dela Court",N.J.M. Opdam’, E. M. Bronkhorst', M. Laske' and M. C. D. N. J. M. Huysmans'

Abstract

tal trauma as outcome measures.

trauma.

Background Studies on oral health status of adults are sparse and rarely include data on endodontic treatment

and trauma. In the military, those data are available because recruits are routinely assessed with a clinical and radio-
logical examination at the start of their career. This study aimed to identify differences in oral health status of Dutch
Armed Forces recruits between cohorts, departments, sex, age and rank, with DMF-T, endodontic treatment and den-

Methods Data from Electronic Patient Files from all recruits enlisted in 2000, 2010 and 2020 were used for analysis
in a hurdle model resulting in the estimated cohort effect, controlled for the demographic variables. The total number
of recruits was 5,764. Due to the retrospective character of the study a proxy was used to compose D-T and dental

Results The mean DMF-T number in recruits decreases from 5.3 in cohort 2000 to 4.13 in cohort 2010 and 3.41

in cohort 2020. The percentage of endodontically treated teeth increases from 6% in cohort 2000 to respectively
9% in 2010 and 8% in 2020. The percentage of recruits showing signs of dental trauma did not change significantly
between cohort 2000 (3.1%) and cohort 2010 and 2020 (both 2.7%).

Conclusions Oral health in Armed Forces recruits is improving over the years, following a similar trend as the general
population in the Netherlands. Lower SES represented by enlisted rank showed substantial lower oral health status.

Keywords Oral health, Retrospective study, Socioeconomic status, Caries, Endodontic treatment, Dental trauma

Background

Oral health is a substantial part of general health and
wellbeing. Oral diseases are among the most prevalent
diseases worldwide associated with considerable eco-
nomic burden, decreased work productivity and reduced
quality of life, in low-income countries as well as in
industrialized countries [1-3]. Studies on oral health
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status of adults are rather sparse. In the Netherlands, a
number of cross-sectional studies have been conducted
in children and young adults aged 5-23 years and adults
aged 25-74 years [4, 5]. They reported that oral health in
the Netherlands is on average improving, but stagnating
or even deteriorating for people with a lower socioeco-
nomic status (SES).

Most of these studies only report on clinical meas-
ures like DMF-T. The DMF-T index is a standard
method recommended by the World Health Organiza-
tion to describe the amount of damage to the dentition
of a person per tooth due to caries or, in other words,
caries experience [6, 7]. Originally it is a clinical
examination which is usually modified in the military
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by using bilateral bitewing radiographs and clinical
assessment of recruits during their first visit to prevent
underestimation of the need for restorative care [8].
Information on root canal treatment (RCT) in these
cross-sectional studies is not included because they
can only report on clinically collected data and are
not able to derive information from patient files with
radiographs needed to reliably asses the presence of
endodontic treatment. Information on RCTs is valua-
ble because these treatments are common and have an
significant impact on oral health. Root filled teeth have
a significantly greater risk for vertical root fracture
due to a combination of loss of structural integrity,
presence of pre-existing fractures and loss of vitality
and is a common reason for tooth loss [9]. Traumatic
dental injuries are common and mainly involve ante-
rior teeth of the upper jaw [10, 11]. Their treatment is
often complicated and can continue during the rest of
a patient’s life especially in cases with more extensive
damage to the hard dental tissues and the pulp, such
as complicated crown fracture, uncomplicated crown-
root fracture, complicated crown- root fracture, and
root fractures [12]. Both endodontically treated teeth
and dental trauma are indicative for substantial dental
problems and pose a risk for pain and additional dam-
age that requires extensive and costly care [11, 13]. It
is important for policymakers to have insight into the
expected demand for care in order to ensure sufficient
capacity in healthcare.

In many countries such as Australia, Finland, Israel
and New Zealand, the dental data of recruits are used
to gain insight into the oral health status of young
adults [14—17]. Between 2000-5000 young adults join
the Dutch Ministry of Defense as recruits every year.
Although this is a selected group, it is plausible it has
certain representativity for young adults in general
in the Netherlands. In the armed forces, this group is
divided into ranks according to educational level, which
may be an indicator for SES at this age [18-20]. During
initial training, recruits are extensively mapped with
both clinical and radiological examinations, resulting
in a complete dental status, including clinically unde-
tected (approximal) caries and endodontic treatments.
Those data could be used for mapping the oral health
status of young adults over several decades in a detailed
way.

The aim of the present study was to investigate the
oral health status of Dutch Armed Forces recruits
including DMF-T, endodontic treatments and dental
trauma, in 3 recruitment cohorts spanning 2 decades,
and to identify differences in oral health status between
cohorts, departments, sex, age and rank.
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Methods

This repeated cross-sectional study compares oral
health of all military recruits of the Dutch Armed Forces
enlisted in the years 2000, 2010 and 2020. The Armed
Forces Dental Service electronic patient files were used to
record oral health status with DMF-T, endodontic treat-
ment and complicated dental trauma as outcome meas-
ures, and cohorts, departments, sex, age and rank as a
proxy for SES as determinants.

The protocol of this study was rated by the local eth-
ics committee as ‘no approval necessary’ (CMO Radbou-
dumc file nr. 2019-5863).

The data were collected from the armed forces Elec-
tronic Patient Files (EPF) (Exquise software, Vertimart,
Kwadijk, The Netherlands). Data of all patient files
between 1999 and 2022 were extracted from the EPF
using a script provided by the software supplier. Data
were pseudonymized using the Statistical application
‘R’ To identify recruits, only patient numbers that first
occurred in 2000, 2010 or 2020 were selected, resulting in
3453 files in 2000; 3470 in 2010 and 2292 in 2020. The fol-
lowing exclusion criteria were applied: Recruits younger
than 18 and older than 30 years old; recruits with follow-
up < 12 months; recruits with incomplete records.

Outcome measures
DMF-T index
On enlistment, the dental history status of recruits was
recorded by a dentist in the EPF including all previously
restored and removed teeth. These teeth were defined as
‘Missing’ or ‘Filled’ (restored). Moreover, when a treat-
ment need was established, this resulted in ‘planned
procedures. When the treatment was completed, the
planned procedure was recorded as treatment in the
EPF. Teeth with direct restorations and tooth extrac-
tions resulting from ‘planned procedures’ were recorded
as decayed (D) on the day of entry. When a direct res-
toration replaced a previous restoration, the tooth with a
‘planned procedure’ was only recorded as filled (F). Third
molars and their treatments were excluded from the
analysis as they normally have a deviant clinical course.
As a result, components of the DMF-T index were
assessed as follows:

1. Every new direct restoration in a tooth placed within
12 months after first entry without any recorded his-
toric treatment code was considered decayed (D) at
baseline.

2. Every tooth with a restoration code at first visit and
an additional single surface being restored within 12
months, was considered to be decayed when the new
restoration was not part of the existing filling.
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3. Every mesial or distal surface filling added to an
already existing filling within 12 months that not
already had a mesial or distal filling was considered
tooth decay (D) at baseline.

4. Every missing tooth at entry (except third molars)
were considered as missing (M) at baseline

5. All restored teeth at entry, without any follow-up
treatment within 12 months were considered as
Filled (F)

Presence of Root Canal Treatment (RCT)

All teeth containing root canal treatment observed dur-
ing the radiographic examination at first entry were
recorded.

Complicated dental trauma

In this study we considered a recruit to have suffered
complicated dental trauma when one or more front
teeth (upper and lower, cuspids included) were missing,
endodontically treated, and/or provided with a crown.
It should be noted that this is used as a proxy for dam-
age caused by traumatic dental injuries. The presence of
direct restorations in front teeth was not considered as a
sign for dental trauma.

Statistical analysis

The analysis aimed to estimate differences in oral health
status between cohorts. As cohorts differed over time
regarding age, sex, rank and department these variables
were included in our analyses, resulting in the estimated
cohort effect, controlled for the demographic variables.
In our study, military rank is used as substitute for socio-
economic status (SES), where we consider enlisted ranks
as ‘low’ and cadets (officer trainees / potential officer
ranks) as ‘high’ SES as only recruits having received a
higher-level secondary or tertiary education can qualify
as officer [20].

For the analysis R version 4.05 was used. All outcomes
can be seen as count data, with a (very) high prevalence
of count of 0. Therefore, hurdle models were used to
analyze the relation between properties of recruits and
the various counts. Hurdle models consist of two parts,
one estimating the occurrence of either a count of 0 or a
larger count and the other part is a truncated count nega-
tive binomial model that models the positive counts. This
resulted in Odds Ratios (OR) that show the association
between two factors, and Incidence Risk Ratios (IRR) that
show association with the actual count, if larger than 0.
For example, the OR in our study describes the odds for
having a DMF-T > 0 between one cohort compared to the
other, the IRR describes the relative amount of DMF-T
and can be considered as severity of DMF-T.
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Results

Study population

The entire number of recruits in 2000, 2010 and 2020 was
9215. 3451 recruits were excluded; 497 because they were
younger than 18 or older than 30 years old; 1919 due to a
follow-up < 12 months; 1035 due to incomplete records.
Therefore, the total number of recruits available for anal-
ysis in this study was 5,764: 2,203 in 2000; 2,130 in 2010
and 1,431 in 2020. The number of female recruits differed
between cohorts: 16,6% in 2000; 11,2% in 2010 and 19,6%
in 2020. The fraction of cadets (officers in training) was
about 10% of all recruits (2000: 6,4%; 2010: 10,1%; 2020
12,2%) (Table 1).

DMF-T and separate D-T, M-T, and F-T

Descriptives are shown in Table 2. Although D,M, and F
together are a measure for caries experience, they have
different impact on oral health and can point out differ-
ences in level of dental care and treatment need. There-
fore, we analyzed both DMF-T and D-T, M-T, and F-T,
separately. Analyses are shown in Fig. 1, associated IRR,
OR with P value and 95% confidence interval are shown
in Table 3.

The analysis shows that caries experience in cohorts
declined from mean DMF-T 5.30 (SD 4.5) in 2000 to 4.13
(SD 4.3) in 2010 to 3.41 (SD 4.1) in 2020. Between 2000
and 2020, the proportion of recruits with a sound den-
tition increased and the DMF-T score of recruits with
caries experience decreased, as can be seen from the OR
and IRR being clearly smaller than 1. No differences in
DMEF-T were found for sex. As expected the numbers are
higher with increasing age.

In our hurdle model (see Fig. 1) we compared the
outcome measures of recruits to each other in terms of
odds ratio (OR) and incidence rate ratio (IRR): cohort
2010 and 2020 were compared with cohort 2000; for
SES cadets with enlisted; female with male; Navy and
Air Force with Aarmy. The separate analyses for DMF
showed that the Filled part is the most decisive factor
for caries experience in recruits. Missing and Decayed
are less frequent, but show some noteworthy results. The
number of missing teeth in cadets is higher although the
number of cadets with missing teeth is lower compared
to enlisted recruits. Males and females show a compara-
ble fraction of recruits with caries, but females with car-
ies show a lower number of cavities, although with a wide
margin of uncertainty.

Root canal treatment

The number and percentage of root-filled teeth can be
found in Table 2. The results of the statistical analyses are
shown in Fig. 2, associated IRR, OR with P value and 95%
confidence interval are shown in Table 3. The number of
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Table 1 Characteristics of the Royal Netherlands Armed Forces recruits included in this study, by cohort

2000 (n = 2203)

2010 (n =2130) 2020(n = 1431)

Age in years, mean (SD) 20.40 (2.44)
Sex, n (%)
Male 1838 (83.40)
Female 365 (16.60)
Rank, n (%)
Cadet 140 (6.40)
Enlisted 2063 (93.60)
Army
n (%) 1340 (60.80)
Age in years, mean (SD) 20.24 (2.37)
Airforce
n (%) 357 (16.20)
Age in years, mean (SD) 2131 2.71)
Navy
n (%) 506 (23.00)
Age in years, mean (SD) 20.17 (2.29)

20.86 (2.84) 22.00 (3.08)
1891 (88.80) 1150 (80.40)
239 (11.20) 281 (19.60)
216 (10.10) 174 (12.20)
1914 (89.90) 1257 (87.80)
1356 (63.70) 894 (62.50)
20.70 (2.37) 21.70 (2.90)
300 (14.10) 282 (19.70)
21.76 (3.07) 2322 (341)
474 (22.30) 255 (17.80)
20.74 (2.66) 21.70 (3.00)

endodontic treated teeth in recruits was limited. In 2000
6% of recruits had one or more endodontically treated
teeth. In 2010 it increased to 9% and in 2020 8% of
recruits had root-filled teeth.

Both cohort 2010 and 2020 have a higher share of
recruits with endodontic treatment in anterior teeth than
the 2000 cohort, although the number of endodontically
treated teeth in these recruits is comparable in 2010 and
somewhat higher in 2020. More recruits in 2010 have
endodontically treated posterior teeth but in cohort 2020
it is similar to cohort 2000. However, in cohort 2010 and
2020 most recruits with endodontic treatment have a
higher number of root-filled teeth. A slightly lower num-
ber of cadets have experienced endodontic treatment
but those who have, show higher numbers of root-filled
teeth, especially in front teeth.

Complicated dental trauma

The number and percentage of complicated dental
trauma in anterior teeth as a proxy for traumatic dental
injuries can be found in Table 2. The results of the statis-
tical analysis are shown in Figs. 3 and 4, associated IRR,
OR with P value and 95% confidence interval are shown
in Table 3. Using endodontic treatment, indirect res-
torations and missing teeth in the anterior region as an
indication for complicated dental trauma, the prevalence
was 3.1% in cohort 2000; 2.7% in cohort 2010 and 2.7% in
cohort 2020. The number of missing anterior teeth shows
a modest decrease, while the number of endodontically
treated anterior teeth shows an increase. Fewer female
recruits have signs of dental trauma, but the ones that
have, tend to have more damaged teeth, but with a wide

distribution. In cadets we see a similar effect, but less
pronounced. Age shows limited influence on the preva-
lence of dental trauma.

Discussion

This study shows that the oral health status of Dutch
Armed Forces recruits in general has improved over
the last two decades. DMEF-T score shows a significant
decrease from cohort 2000 compared to cohort 2010 and
cohort 2020, and the percentage of recruits with a sound
dentition increases significantly. Significant increases
were also found in endodontic treatment. Traumatic
Dental Injuries show no significant differences between
the three cohorts.

This outcome of armed forces recruits may also be rel-
evant for Dutch young adults in the general population as
this is the first cross-sectional study in the Netherlands
based on such a large quantity of data on developments
in oral health in young adults with radiographic con-
trolled findings. Royal Netherlands Armed Forces Dental
Service provides a unique collection of oral health data,
because it is obliged to keep up-to-date dental records
of all military personnel with recent radiographs for
forensic reasons. Therefore, Dutch Armed Forces data
combine clinical and radiographic findings of all recruits
and contains detailed information on missing, filled and
decayed teeth. In most epidemiological studies this is not
possible, because taking radiographs for research pur-
poses only is considered unethical [21].

The present study also provides detailed information
about endodontic treatment for a large population sam-
ple. This is valuable because such studies are limited to
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Table 2 Number, percentage, mean and maximum value of DMF-T, teeth with root canal treatment (RCT), and with complicated
dental trauma (CDT) derived from RCT, indirect restorations (crowns), and Missing, by cohort

0n (%) 1n (%) 2n (%) 3n (%) 4n (%) 5n (%) >6n (%) Mean (SD) max
2000 n =2203
DMF-T 311 (14.0) 222 (10.1) 1(9.6) 193 (8.8) 210 (9.5) 158(7.2) 898 (40.8) 530 (4.5) 23
Decayed 1860 (84.4) 229 (104) 64 (2.9) 36 (1.6) 9(0.4) 3(0.1) 2(0.1) 0.24(0.7) 10
Missing, total 1803 (81.8) 1(5.0) 120 (5.4) 20(0.9) 136 (6.2) 4(0.2) 9(04) 047(1.2) 8
Missing, anterior 2165 (98,3) 24 (1 1) 14 (0,6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.02(0.2) 2
Missing, premolars 1892 (85,9) 66 (3) 101 (4,6) 16 (0,7) 123 (5,6) 2(0,1) 2(0,1) 0.38 (1.05) 8
Filled 367 (16.7) 247 (11.2) 226 (10.3) 220 (10.0) 208 (9.4) 175 (7.9) 760 (34.5) 459 (4.1) 22
RCT, anterior 59 (98.0) 37(1.7) 7(0.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0.02(0.2) 2
RCT, posterior 2111 (95.8) 79 (3.6) 2(05) 0(0.0) 0(0.0) 1(0.0) 0(0.0) 0.05(0.3) 5
Crowns, anterior 2157 (97.9) 27(1.2) 10 (0.5) 3(0.1) 4(0.2) 0(0.0) 2(0.1) 0.04 (0.3) 7
DT 2134 (96.9) 40 (1.8) 21 (1.0 4(0.2) 2(0.1) 0(0.0) 2(0.1) 0.05(0.3) 6
2010n=2130
DMF-T 489 (23.0) 283(13.3) 235(11.0) 166 (7.8) 189 (8.9) 132 (6.2) 636 (29.9) 413 (43) 25
Decayed 1934 (90.8) 139 (6.5) 42 (2.0 8(04) 5(0.2) 1(0.0) 2(0.1) 0.13(0.5) 9
Missing, total 1836 (86.2) 78 (3.7) 97 (4.6) 10 (0.5) 107 (5.0) 1(0.0) 1(0.0) 0.35(1.0) 6
Missing, anterior 2107 (98,9) 13(0,6) 9(04) 1(0) 0(0.0) 0(0.0) 0(0.0) 0.02(0.2) 2
Missing, premolars 1914 (89,9) 37(1,7) 81(3,8) 5(0,2) 92 (4,3) 1(0) 0(0) 0.28 (0.90) 5
Filled 558 (26.2) 302 (14.2) 233(10.9) 178 (8.4) 160 (7.5) 139 (6.5) 560 (26.3) 3.65(3.9) 25
RCT, anterior 2056 (96.5) 61(2.9) 1(0.5) 2(0.1) 0(0.0) 0(0.0) 0(0.0) 0.04(0.2) 3
RCT, posterior 1994 (93.6) 110(5.2) 21(1.0) 2(0.1) 2(0.1) 1(0.0) (0.0) 0.08(0.3) 5
Crowns, anterior 2109 (99.0) 13 (0.6) 7(0.3) 1(0.0) 0(0.0) 0(0.0) 0(0.0) 0.01(0.2) 3
cDT 2072 (97.3) 41(1.9) 4(0.7) 2(0.1) 1(0.0) 0(0.0) (0.0) 0.04(0.2) 4
2020 n = 1431
DMF-T 424 (29.6) 199 (13.9) 166 (11.6) 05(7.3) 122 (8.5) 88 (6.1) 327 (22.9) 341(4.0) 28
Decayed 1345 (94.0) 70 (4.9) 10 (0.7) (0.1 2(0.1) 2(0.1) 1(0.1) 0.08 (0.4)
Missing, total 1275 (89.1) 60 (4.2) 45(3.1) (0.4) 42 (2.9) 2(0.1) 1(0.1) 0.25(0.8)
Missing, anterior 1414 (98,8) 3(09) 3(0,2) (0.0) 1(0,1) 0(0.0) 0(0.0) 0.02(0.2)
Missing, premolars 1334 (93,2) 24.(1,7) 3122 (04) 36 (2,5) 0(0) 0(0) 0.17 (0.72) 4
Filled 459 (32.1) 214.(15.0) 168 (11.7) 4(8.0) 101 (7.1) 87 (6.1) 288 (20.1) 3.08 (3.8) 28
RCT, anterior 1386 (96.9) 30(2.1) 13(0.9) (0.1) 0(0.0) 0(0.0) 1(0.7) 0.05 (0.3) 9
RCT, posterior 1352 (94.5) 62 (4.3) 11(0.8) 0.3) 1(0.1) 0(0.0) 1(0.1) 0.07 (0.4) 6
Crowns, anterior 1421 (99.3) 5(0.3) 4(03) (0.0) 0(0.0) 0(0.0) 1(0.1) 0.01(0.2) 8
cDT 1392 (97.3) 24(1.7) 14.(1.0) 0.0) 1(0.1) 0(0.0) 0(0.0) 0.04(0.3) 4

one study in the Netherlands [22] and a French study [23]
showing a very wide range of endodontic treatment per-
centages in different populations.

With data on clinical and radiological findings com-
bined, it is possible to reconstruct the more prominent
(severe) damage caused by traumatic dental injuries.
Although it is a reconstruction, we consider it valuable
because information on numbers of dental trauma is
sparse, both in the Netherlands as worldwide [10].

The fact that our epidemiological survey is limited to
Armed Forces recruits has limitations as well as advan-
tages. Our study only describes oral health status of
young adults selected for the military. This selected
group has a much lower percentage of females and a

different distribution of high and low SES compared to
the general population. Although the military provides
a clear distinction between high and low SES on basis of
educational level in the same way cross-sectional studies
as ‘Kies voor Tanden’[4] in the Netherlands uses, the dis-
tribution of higher and lower SES is different. It is prob-
able that the lower SES military differs in general health
and economic status because they were all medically
assessed and have a paid occupation, which is not always
the case in the lower SES population in the Netherlands
in general. The results of this study should be interpreted
carefully when compared to Dutch young adults. Fur-
thermore, patient factors such as oral hygiene and smok-
ing were collected during oral examination, but these
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Fig. 1 Hurdle model analyses for DMF and separate D, M, and F. Hurdle model analyses comparing cohort 2010 and 2020 with 2000, females
with males, age, cadets versus enlisted rank, Navy and Air Force with Army. The presence part displays the Odds Ratios (OR) and is indicated
by the blue line. The count part displays the Incidence Risk Ratios (IRR) and is indicated by the red line. In both OR and IRR the width of the line

represents the 95% confidence interval

data were not retrievable in a standardized way from the
electronic patient files. Therefore, the study has a lack of
certain patient characteristics. On the other hand, the
investigated cohorts can be considered as young, healthy
adults and are examined thoroughly and in a standard-
ized protocol by a military dentist.

The total size of cohorts 2000 and 2010 are similar.
Cohort 2020 is about a third smaller because in the first
months of 2020 there were no recruits to the armed
forces due to COVID-19 regulations. However, we did

not expect the proportions of oral health aspects would
be different in this cohort.

Due to the retrospective character of these data, the
clinical information required for this study was not
(directly) available for all different categories of traumatic
dental injuries or for caries (D). However, the available
data provides information on the treatment most prob-
ably followed by traumatic dental injuries and diagnosed
caries lesions. Therefore, information on crowns, root
canal treatment and M-T in anterior teeth was combined
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Table 3 IRR, OR with P value and 95% confidence interval
DMF-T OR 95% Cl P value IRR 95% Cl Pvalue
2010 vs 2000 0.53 (045..0.62] <0.001 0.83 [0.78..0.88] <0.001
2020 vs 2000 033 [0.28..0.39] <0.001 0.69 [0.64..0.74] <0.001
Female vs Male 1.03 [O 86..1 24] 0.745 0.99 [0 92..1.06] 0.778
Age at start 1.13 (11 16] <0.001 1.06 [1.05..1.07] <0.001
Cadets vs Enlisted 0.62 [O 50..0. 77] <0.001 0.76 [O 69..0. 84] <0.001
Airforce vs Army 0.87 [0.72..1.04] 0.121 1.00 [0.93..1.08] 0.930
Navy vs Army 113 [0.95..1.33] 0.166 1.00 [0.94..1.07] 0919
D-T
2010 vs 2000 0.53 [0.43..0.64] <0.001 0.82 [0.56..1.21] 0320
2020 vs 2000 0.30 [0.23..0.38] <0.001 0.71 [042..1.22] 0.220
Female vs Male 0.99 [0.78..1.25] 0.915 0.71 [044..1.17] 0.180
Age at start .11 [1.08..1.14] <0.001 0.96 [0.90..1.02] 0.170
Cadets vs Enlisted 0.72 [0.52..1.00] 0.051 0.56 [0.26..1.21] 0.140
Airforce vs Army 1.1 [0.88..1.40] 0.392 1.02 [0.64..1.62] 0.940
Navy vs Army 1.27 [1.04..1.56] 0.020 1.03 [0.69..1.52] 0.900
M-T
2010 vs 2000 0.71 [0.60..0.84] <0.001 1.00 [0.90..1.12] 1.000
2020 vs 2000 0.49 [0.40..0.60] <0.001 0.85 [0.73..0.98] 0.030
Female vs Male 123 [1.01..1.50] 0.038 1.04 [0.91..1.18] 0.550
Age at start 1.08 [1.05.1.11] <0.001 097 [0.96..0.99] <0.001
Cadets vs Enlisted 0.68 [0.51..0.90] 0.008 134 [1.12..1.59] <0.001
Airforce vs Army 1.06 [0.87..1.30] 0.551 117 [1.02..1.34] 0.020
Navy vs Army 097 [0.81..1.17] 0.746 1.03 [091..1.17] 0.630
M anterior
2010 vs 2000 0.58 [0.34...0.99] 0.045 140 [0.63...3.12] 0411
2020 vs 2000 0.58 [0.32...1.06] 0.076 1.08 [0471...2.88] 0.875
Female vs Male 0.84 [044...1.61] 0.599 1.26 [043...3.71] 0.671
Age at start 1.10 [1.02...1.18] 0.016 0.95 [0.84...1.07] 0383
Cadets vs Enlisted 1.05 [0.49...2.25] 0.906 0.88 [0.28...2.76] 0.825
Airforce vs Army 1.00 [0.54...1.85] 0.994 0.66 [0.23...1.86] 0426
Navy vs Army 1.04 [0.60...1.83] 0.883 048 [0.17...1.40] 0.181
F-T
2010 vs 2000 0.54 [0.46..0.62] <0.001 0.86 (0.81..0.92] <0.001
2020 vs 2000 0.36 [0.30...042] <0.001 0.73 [0.68..0.78] <0.001
Female vs Male 0.95 [0.80...1.13] 0.572 0.99 [0.91...1.06] 0.710
Age at start 1.14 [1.11.1.76] <0.001 1.06 [1.05...1.07] <0.001
Cadets vs Enlisted 067 [0.54..0.82] <0.001 0.73 [0.66..0.81] <0.001
Airforce vs Army 0.85 [0.71..1.01] 0.058 0.99 [0.92..1.07] 0.780
Navy vs Army 1.08 [0.92..1.26] 0.350 1.00 [0.94..1.07] 0.920
F anterior
2010 vs 2000 0.82 [0.71...0.94] 0.005 1.55 [1.26...1.89] <0.001
2020 vs 2000 0.65 [0.55...0.77] <0.001 1.18 [0.92...1.50] 0.195
Female vs Male 083 [0.69...0.99] 0.037 1.12 [0.86...1.45] 0.392
Age at start 1.07 [1.05...1.10] <0.001 1.03 [1.00...1.07] 0.040
Cadets vs Enlisted 0.59 [047...0.75] <0.001 0.94 [0.65...1.36] 0.741




de la Court et al. BMC Oral Health (2024) 24:912 Page 8 of 12

Table 3 (continued)

DMF-T OR 95% Cl P value IRR 95% Cl Pvalue
Airforce vs Army 1.06 [0.89...1.26] 0.500 0.83 [0.64...1.07] 0.143
Navy vs Army 0.97 [0.83...1.13] 0673 0.80 [0.64...1.00] 0.052

Endo posterior
2010 vs 2000 1.46 [1.11..1.93] 0.007 1.97 [0.90..4.31] 0.090
2020 vs 2000 1.08 [0.79..1.49] 0.637 218 [0.94..5.05] 0.070
Female vs Male 097 [0.70..1.35] 0.855 091 [0.39..2.11] 0.820
Age at start 1.18 [1.13.1.22] <0.001 1.09 [0.99..1.19] 0.090
Cadets vs Enlisted 0.45 [0.28..0.75] 0.002 117 [0.33..4.19] 0.810
Airforce vs Army 0.77 [0.54..1.09] 0.145 0.80 [0.31..2.08] 0.640
Navy vs Army 133 [1.01..1.74] 0.040 224 [1.13..445] 0.020
Endo anterior
2010 vs 2000 1.76 [1.20..2.57] 0.004 1.07 [0.42..2.72] 0.890
2020 vs 2000 1.64 [1.07..2.53] 0.025 191 [0.72..5.02] 0.190
Female vs Male 0.76 [047..1.24] 0.278 1.21 [0.47..3.08] 0.700
Age at start 1.03 [0.97..1.09] 0.308 111 [0.99..1.24] 0.080
Cadets vs Enlisted 0.44 [0.20..0.95] 0.036 4.69 [2.02..10.85] <0.001
Airforce vs Army 0.8 [0.48..1.32] 0376 033 [0.10..1.01] 0.050
Navy vs Army 152 [1.07..2.16] 0.020 0.73 [0.34..1.59] 0430

Crowns anterior teeth
2010 vs 2000 042 [0.25...0.71] 0.001 049 [0.20...1.21] 0.120
2020 vs 2000 023 [0.11...046] <0.001 1.07 [0.35...3.22] 0.905
Female vs Male 0.74 [0.38...1.46] 0.387 1.91 [0.76...4.81] 0.170
Age at start 1.23 [1.14...1.32] <0.001 1.04 [0.91...1.20] 0.533
Cadets vs Enlisted 039 [0.14...1.09] 0.073 046 [0.05...4.72] 0517
Airforce vs Army 133 [0.78...2.29] 0.295 045 [0.17...1.18] 0.104
Navy vs Army 0.50 [0.24...1.03] 0.059 1.69 [0.59...4.88] 0328

CDT (anterior Crowns, E or M)

2010 vs 2000 0.84 [0.58...1.19] 0.324 0.54 [0.32...0.92] 0.024
2020 vs 2000 0.81 [0.54...1.22] 0313 0.62 [034...1.11] 0.108
Female vs Male 0.70 [043...1.13] 0.146 147 [0.80...2.71] 0214
Age at start 1.06 [1.00...1.11] 0.052 1.10 [1.02...1.19] 0.016
Cadets vs Enlisted 0.73 [0.40...1.35] 0316 1.15 [0.51...2.57] 0.737
Airforce vs Army 0.94 [0.61...1.46] 0.798 0.62 [0.32...1.19] 0.149
Navy vs Army 092 [0.62...1.37] 0.694 0.60 [031...1.17] 0.134

as a proxy for complicated dental trauma. Minor trauma
will not be reflected in this outcome measure. However,
the more severe nature of these traumatic injuries has
greater need for follow-up treatment, which would be
more meaningful for policy makers.

It should also be noted that in this study the D-compo-
nent is derived from performed procedures in the first 12
months after enlistment. This may lead to both an overes-
timation and an underestimation of D-T. Overestimation,
because restorations placed due to fractures (e.g., cusp
replacements) may have been counted as D-T, and under-
estimation as replacements due to secondary caries in the

same surfaces were not counted as D-T. Secondary caries
and fracture are considered the most common reason for
restoration failure [24, 25]. The combined effect of mis-cat-
egorization is considered to be limited, because the D-prev-
alence is low and only a modest part of DMF-T score.

Our data indicate that DMF-T decreases over time for
the cohorts, both in fraction of recruits with caries expe-
rience (DMF-T>0) as in the DMF-T score per individual.
As expected, caries experience among recruits increases
with age because the effect of DMF-T score is cumulative.

These findings reflect the trend of decreasing DMF-T
in high-income countries worldwide [26-28] and in the



de la Court et al. BMC Oral Health (2024) 24:912

Endo, anterior

1
1
2010 vs 2000 - L
I
1
1
2020 vs 2000 - o
1
1
|
Female versus Male -~
1
o 1
g A
8 Age at start [yrs] -
5 f
> 1
1
Cadet vs Enlisted- )
1
1
1
Airforce vs Army - -or
1
1
1
Navy vs Army - '_._
1
[l I [l v
0 3 9

6
effect (OR or IRR)

Page 9 of 12
Endo, posterior
1
i | ——
:
1
A P —
1
1
=3 1
1
! model
1
i : o ® presence part
: count part
. = !
:
. —e—r
1
:
| l———
1
1 2 3 4 5

effect (OR or IRR)

Fig. 2 Hurdle model analyses for endodontic treatment separated for anterior and posterior teeth. Hurdle model analyses comparing cohort 2010
and 2020 with 2000, females with males, age, cadets versus enlisted rank, Navy and Air Force with Army. The presence part displays the Odds Ratios
(OR) and is indicated by the blue line. The count part displays the Incidence Risk Ratios (IRR) and is indicated by the red line. In both OR and IRR

the width of the line represents the 95% confidence interval

Crowns front teeth

1
1
2010 vs 2000 - < !
1
1
1
2020vs 2000- T
1
1
1
Female versus Male - o~
1
2 :

% d 1@
=2 Age at start [yrs] y
< 1

>

1
Cadet vs Enlisted - ~ L
1
1
1

Airforce vs Army - ; o
1
1
Navy vs Army - - .
1

' | ' ' ' '
0 1 2 3 4 5

effect (IRR or OR)

Complicated dental trauma front teeth (crowns, M or E)

Jd ——
1
1
1
Jd ———
1
1
|
_—
< L
1
1 model
1
i :'" ® presence part
: count part
d —_—
1
1
1
4 — e ———
1
1
1
| —
1
| '
1 2

effect (IRR or OR)

Fig. 3 Hurdle model analyses for crowns on anterior teeth and complicated dental trauma. Hurdle model analyses comparing cohort 2010
and 2020 with 2000, females with males, age, cadets versus enlisted rank, Navy and Air Force with Army. The presence part displays the Odds Ratios
(OR) and is indicated by the blue line. The count part displays the Incidence Risk Ratios (IRR) and is indicated by the red line. In both OR and IRR

the width of the line represents the 95% confidence interval

Dutch National Oral Health Surveys [4, 5]. DMF-T and the
proportions of separate D, M, and F in the Dutch National
Oral Health Surveys show a downward trend of children
and young adults in all age groups. When compared with
the national survey data, the numbers of the 23-year-olds in
this report with our recruits (mean age 20.40 — 22.00) show

a mostly similar trend. Only their last finding from 2017 for
high SES 23-year-olds shows a slightly higher caries expe-
rience and DMF-T compared to 2011, a stagnation in the
diminishing caries experience that our data are not showing.

When comparing separate components, recruits show
a lower number of D-T but a higher number of M-T. A
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possible explanation is that recruits are encouraged to
be fit before enlisting for the armed force and visit their
home dentist before starting their military career.

Our data do not differentiate between Missing due to
caries or Missing due to other reasons like orthodontic
treatment, which is, third molars not taking into account,
the main reason for tooth extraction in young adults [29].
To prevent or correct malocclusion, it is most common
to extract premolars instead of other types of teeth and
missing accounts. In all three cohorts a substantial part
of recruits has missing premolars. It is probable this is for
orthodontic reasons and not due to caries.

The rate of cadets (officers in training) with caries experi-
ence is significantly lower compared to enlisted personnel;
their DME-T score is also lower. This is in line with an ear-
lier study on health disparities in the Dutch Armed Forces
[20]. Rank can be considered as educational level which is
used as a proxy for SES in several other studies as SES has
been documented to impact the ability to acquire and inter-
pret health information [19, 30, 31]. The educational level is
also associated to social position, having a higher level of
social support and having access to dental care, so it might
explain that recruits with higher SES and rank show lower
risks and have less oral health problems. In our study, we
also assessed SES based on zip code in our analysis but this
proved not to be a significant factor probably because the
scale local governments use to register SES is not detailed
enough. Although females tend to have a slightly higher
rate of tooth decay [32], in our study male and female
recruits showed a comparable caries prevalence.

In contrast to the findings on caries experience, the
number of endodontically treated teeth increases over
time. Specifically, the number of endodontic treatment
performed in the posterior region is much higher in
cohort 2010 (OR 1.76) although the effect is less pro-
nounced in cohort 2020 (OR 1.64). Posterior region endo-
dontic treatment is mostly related to deep cavities or large
fillings due to caries. In populations with more caries
experience it is likely they show higher numbers of RCT,
for example in the Navy both the proportion of Decayed
(D) and of endodontically treated teeth (E) in the poste-
rior region are higher compared to the Army (D Navy OR
1.27; E post Navy OR 1.33). At the same time the number
of missing teeth (M) decreased in cohorts 2010 and 2020.
The same effect is visible in the number of missing teeth
in Navy personnel. These findings suggest that more teeth
receive endodontic treatment instead of being extracted in
recent years and is considered a sign of improved level of
care. In 2006 health insurance was reformed in the Neth-
erlands resulting in complete dental care available for
people younger than 18 years old [33]. Around this time a
publication on trends in oral healthcare reported a higher
incidence of untreated cavities in children and adolescents
[34]. As a consequence, oral health preventive programs
were carried out. However, this effect is only significant in
2010 while cohort 2020 resonates the findings from 2000.
Comparing these numbers and proportions to other popu-
lations is difficult because epidemiological data on preva-
lence of endodontic treatment are sparse and reports are
mostly on specific and very diverse groups [13, 35, 36].
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The proportion of endodontically treated anterior teeth
also increased in the more recent cohorts. Endodontic
treatment in anterior teeth is mostly carried out after
trauma and only rarely after treating deep caries lesions.
Root filled teeth in the anterior region are considered to
be most related to traumatic dental injuries, while endo-
dontically treated teeth in the posterior region are con-
sidered to be more related to caries [12, 37].

Complicated dental trauma includes traumatic dental
injuries like complicated tooth fractures, luxations and
avulsions and is likely to result in endodontic treatment,
large restorations such as crowns, and missing teeth to be
replaced. Although the proportion of recruits with endo-
dontic treatment in anterior teeth increases over the years,
complicated dental trauma tends to remain comparable
among the three cohorts (cohort 2010 (mean 0.04; SD 0.2)
and 2020 (mean 0.04; SD 0.3) compared to 2000 (mean
0.05; SD 0.3). At the same time Missing anterior teeth
show a small decrease when cohort 2010 and 2020 are
compared to cohort 2000 (2010: OR 0.58, CI 0.34 — 0.99;
2020: OR 0.58, CI 0.32 — 1.06). In 2010 and 2020 a lower
percentage of recruits were treated with crowns on ante-
rior teeth. At the same time, an increase in anterior filled
teeth was expected, but our numbers for filled anterior
teeth also decreases. It seems the number of trauma is rel-
atively stable but the chosen treatment changes over time.

Other studies to which our trauma results can be com-
pared are sparse. A meta-analysis from Petti et all [10]
provides data from nations worldwide including European
nations including all reported TDIs in several regions, dif-
ferent populations and ages in both primary as well as per-
manent dentition. For European region their study reports a
14.0% prevalence, median age of 13.2 and proportion male-
to-female prevalence ratio 1.48. In our study prevalence is
much lower (3.1% in cohort 2000; 2.7% in cohort 2010 and
2020) because our study only reports the more severe lev-
els of trauma. The male-to-female prevalence ratio we found
(1.43) is very close to the 1.48 Pettis et al reports.

The only study in the Netherlands that reports on den-
tal trauma is the ‘Kies voor tanden’ study [4]. It reports on
missing anterior teeth due to trauma 0.9% in 2012 and 0.0%
in 2017, and on crowns on anterior teeth due to trauma
1.2% in 2012 and 0.6% in 2017 for 23-year-olds. Our study
shows the same trend of decreasing missing teeth and ante-
rior crowns although in other cohorts and age range.

Conclusions

In conclusion, this study demonstrated that in Armed
Forces recruits the oral health is improving over the years,
with 14.1% of recruits having a sound dentition in 2000 and
29.6 % in 2020, following a similar trend as the general pop-
ulation in the Netherlands. The number of endodontically
treated teeth increased, likely related to an improved level of
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dental care in recent years, and less tooth extractions. Male
and female recruits show comparable oral health status.
Lower rank (enlisted) showed substantial lower oral health
status in all three outcome measures compared to higher
rank (cadets) indicating that SES has substantial influence
on oral health status, in this young adult population.

Abbreviations

DMF-T  Decayed, missing, filled, teeth
E Endodontic treatment

SES Socioeconomic status

EPF Electronic patient files

RCT Root canal treatment

(@) Complicated dental trauma
OR Odds ratios

IRR Incidence rate ratios

SD Standard deviation

@ Confidence interval

Rest Restoration

Acknowledgements

The authors thankfully acknowledge Jan Oudkerk from Vertimart for provid-
ing a script for data extraction. The opinions or assertions contained in this
article are the private views of the authors and are not to be construed as offi-
cial or reflecting the views of the Ministry of Defense or Dutch government.

Author contributions

JdIC, the first author was responsible for study conception and design, data
analysis and interpretation, statistical analysis, and the drafting of the manu-
script. NO contributed to data collection and interpretation and the critical
revision of the manuscript. EB, a statistical consultant, was responsible for
statistical analysis, interpretation, and the critical revision of the manuscript.
ML contributed to interpretation and the critical revision of the manuscript.
MCH contributed to interpretation and the critical revision of the manuscript.
All authors gave their final approval and agreed to be held accountable for
all aspects of the work to ensure integrity and accuracy. All authors read and
approved the final manuscript.

Funding

The study was financed by collaboration of the Royal Netherlands Navy and
the Health Care Department of the Ministry of Defense. The funding body had
no role in the design of the study and collection, analysis, interpretation of
data or preparation of the manuscript.

Availability of data and materials

The data that support the findings of this study are available from Health Care
Department of the Ministry of Defense but restrictions apply to the availability of
these data, which were used under license for the current study, and so are not
publicly available. Data are however available from the authors upon reasonable
request and with permission of Health Care Department of the Ministry of Defense.

Declarations

Ethics approval and consent to participate

The protocol of this study was rated by the local ethics committee as‘no
approval necessary’ (CMO Radboudumc file nr. 2019-5863) and approved by
the Surgeon General of the Ministry of Defense.

Due to the retrospective nature of the data direct informed consent could not
be obtained. Most of our recruits have a contract for a few years and leave the
military afterwards. Name and address details are not kept after leaving military
service. Therefore we could not contact them and ask permission directly.
According to the legal regulation in The Netherlands and regulatory require-
ments of the Ministry of Defense, an opt-out procedure was followed, using the
digital platforms of the Ministry of Defense. The research proposal was published
on these platforms and an option to withdraw participation was organized.

The Central Representative Body of all military personnel in The Netherlands
also approved the proposal and stated:'no objection’in the official minutes of
their meeting.



de la Court et al. BMC Oral Health (2024) 24:912

Approval of this study was also obtained by the Surgeon General of the
Ministry of Defense and for the GDPR implementation act a DPIA (Data Protec-
tion Impact Assessment) was performed with a data management plan and
published in the GDPR / DPIA register of our government (20210215 DPIA
DTD-MWO Oral Health Care and Risk Assessment in the Dutch Armed Forces).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 February 2024 Accepted: 30 July 2024
Published online: 08 August 2024

References

1. Peres MA, Macpherson LMD, Weyant RJ, Daly B, Venturelli R, Mathur
MR, et al. Oral diseases: a global public health challenge. Lancet.
2019;394(10194):249-60.

2. Marcenes W, Kassebaum NJ, Bernabé E, Flaxman A, Naghavi M, Lopez A,
Murray CJ. Global burden of oral conditions in 1990-2010: a systematic
analysis. J Dent Res. 2013;92(7):592-7.

3. Bernabe E, Marcenes W, Hernandez CR, Bailey J, Abreu LG, Alipour V, et al.
Global, Regional, and National Levels and Trends in Burden of Oral Condi-
tions from 1990 to 2017: A Systematic Analysis for the Global Burden of
Disease 2017 Study. J Dent Res. 2020;99(4):362-73.

4. Schuller AA, Vermaire JH, Kempen CPFv, Dommelen Pv, Verrips GHW.
Kies voor tanden: een onderzoek naar mondgezondheid en preventief
tandheelkundig gedrag van jeugdigen. Hoofdmeting 2017, een vervolg
op de reeks, TJZ- en Kies voor Tandenonderzoeken. Leiden: TNO; 2018.

5. Schuller AA, Kempen lv, Vermaire E, Poorterman J, Verlinden A, Hofstetter
H, Verrips E. Gebit fit : een onderzoek naar de mondgezondheid en het
tandheelkundig preventief gedrag van volwassenen in Nederland in
2013. Leiden: TNO; 2014.

6. Machiulskiene V, Campus G, Carvalho JC, Dige |, Ekstrand KR, Jablonski-
Momeni A, et al. Terminology of Dental Caries and Dental Caries
Management: Consensus Report of a Workshop Organized by ORCA and
Cariology Research Group of IADR. Caries Res. 2020;54(1):7-14.

7. World Health O. Oral health surveys : basic methods. 5th edition. Geneva:
World Health Organization; 2013.

8. BeckerT, Levin L, Shochat T, Einy S. How much does the DMFT index under-
estimate the need for restorative care? J Dent Educ. 2007;71(5):677-81.

9. Patel S, Bhuva B, Bose R. Present status and future directions: vertical root

fractures in root filled teeth. Int Endod J. 2022;55 Suppl 3(Suppl 3):804-26.

10. Petti S, Glendor U, Andersson L. World traumatic dental injury prevalence
and incidence, a meta-analysis-One billion living people have had trau-
matic dental injuries. Dent Traumatol. 2018;34(2):71-86.

11. Petti S, Andreasen JO, Glendor U, Andersson L. The fifth most prevalent
disease is being neglected by public health organisations. Lancet Glob
Health. 2018;6(10):e1070-1.

12. ZaleckieneV, Peciuliene V, Brukiene V, Drukteinis S. Traumatic dental
injuries: etiology, prevalence and possible outcomes. Stomatologija.
2014;16(1):7-14.

13. Jakovljevic A, Nikolic N, Jacimovic J, Pavlovic O, Milicic B, Beljic-lvanovic
K, et al. Prevalence of Apical Periodontitis and Conventional Nonsurgical
Root Canal Treatment in General Adult Population: An Updated Sys-
tematic Review and Meta-analysis of Cross-sectional Studies Published
between 2012 and 2020. J Endod. 2020;46(10):1371-86.€8.

14. Naysmith KE, Foster Page LA, Tong DC, Thomson WM. Oral Health
Status of New Zealand Defence Force Recruits. Military medicine.
2023;188(3-4):e804-10.

15. Hopcraft MS, Yapp KE, Mahoney G, Morgan MV. Dental caries experience
in young Australian Army recruits 2008. Aust Dent J. 2009;54(4):316-22.

16. TannerT, Kdmppi A, Pakkild J, Patinen P, Rosberg J, Karjalainen K, et al. Preva-
lence and polarization of dental caries among young, healthy adults: Cross-
sectional epidemiological study. Acta Odontol Scand. 2013;71(6):1436-42.

Page 12 of 12

17. Sgan-Cohen HD, Katz J, Horev T, Dinte A, Eldad A. Trends in caries and
associated variables among young Israeli adults over 5 decades. Com-
munity Dent Oral Epidemiol. 2000;28(3):234-40.

18. Sisson KL. Theoretical explanations for social inequalities in oral health.
Community Dent Oral Epidemiol. 2007,35(2):81-8.

19. Li A Vermaire JH, Chen Y, van der Sluis LWM, Thomas RZ, Tjakkes GE,
Schuller AA. Trends in socioeconomic inequality of periodontal health
status among Dutch adults: a repeated cross-sectional analysis over two
decades. BMC Oral Health. 2021;21(1):346.

20. van Klink N. Oral Health Disparities in the Royal Netherlands Armed
Forces. Military medicine. 2023;188(5-6):1054-9.

21. Thijssen CLM, Koninkrijk der N. Kernenergiewet. 2e dr, bijgew. tot 1
november 2011. ed. Deventer: Kluwer; 2011.

22. De Cleen MJ, Schuurs AH, Wesselink PR, Wu MK. Periapical status and
prevalence of endodontic treatment in an adult Dutch population. Int
Endod J. 1993;26(2):112-9.

23. Lupi-Pegurier L, Bertrand MF, Muller-Bolla M, Rocca JP, Bolla M. Periapi-
cal status, prevalence and quality of endodontic treatment in an adult
French population. Int Endod J. 2002;35(8):690-7.

24. Demarco FF, Corréa MB, Cenci MS, Moraes RR, Opdam NJ. Longevity of
posterior composite restorations: not only a matter of materials. Dent
Mater. 2012;28(1):87-101.

25. Nedeljkovic I, De Munck J, Vanloy A, Declerck D, Lambrechts P, Peumans
M, et al. Secondary caries: prevalence, characteristics, and approach. Clin
Oral Investig. 2020,24(2):683-91.

26. Armfield JM, Spencer AJ. Quarter of a century of change: caries experi-
ence in Australian children, 1977-2002. Aust Dent J. 2008;53(2):151-9.

27. Haugejorden O, Magne Birkeland J. Ecological time-trend analysis of car-
ies experience at 12 years of age and caries incidence from age 12 to 18
years: Norway 1985-2004. Acta Odontol Scand. 2006;64(6):368-75.

28. Menghini G, Steiner M, Marthaler T, Helfenstein U, Brodowski D, Imfeld C,
et al. Caries prevalence among students in 16 Zurich districts in the years
1992 to 2000. Schweiz Monatsschr Zahnmed. 2003;113(3):267-77.

29. McCaul LK, Jenkins WM, Kay EJ. The reasons for extraction of perma-
nent teeth in Scotland: a 15-year follow-up study. British dental journal.
2001;190(12):658-62.

30. Singh A, Harford J, Schuch HS, Watt RG, Peres MA. Theoretical basis and explana-
tion for the relationship between area-level social inequalities and population
oral health outcomes - A scoping review. SSM Popul Health. 2016;2:451-62.

31. Mariotti A, Hefti AF. Defining periodontal health. BMC Oral Health.
2015;15 Suppl 1(Suppl 1):S6.

32. Lukacs JR. Sex differences in dental caries experience: clinical evidence,
complex etiology. Clin Oral Investig. 2011;15(5):649-56.

33. Schafer W, Kroneman M, Boerma W, van den Berg M, Westert G, Devillé
W, van Ginneken E. The Netherlands: health system review. Health Syst
Transit. 2010;122(1):v—xxvii, 1-228.

34. Schuller AA, Poorterman JH. Trends in oral healthcare. Caries prevalence
and frequency of visits to the dentist for checkups. Ned Tijdschr Tand-
heelkd. 2006;113(8):303-7.

35. Pak JG, Fayazi S, White SN. Prevalence of periapical radiolucency and root
canal treatment: a systematic review of cross-sectional studies. J Endod.
2012;38(9):1170-6.

36. Alaidarous FA, Alamoudi RA, Baeisa DS, Alghamdi FT. Prevalence of Peri-
apical Radiolucency and Conventional Root Canal Treatment in Adults: A
Systematic Review of Cross-Sectional Studies. Cureus. 2023;15(1):e33302.

37. Petti S, Andreasen JO, Glendor U, Andersson L. NAOD - The new Traumatic
Dental Injury classification of the World Health Organization. Dent Trau-
matol. 2022;38(3):170-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Oral health status of Dutch Armed Forces recruits in the years 2000, 2010 and 2020, a retrospective repeated cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Outcome measures
	DMF-T index

	Presence of Root Canal Treatment (RCT)
	Complicated dental trauma
	Statistical analysis

	Results
	Study population
	DMF-T and separate D-T, M-T, and F-T
	Root canal treatment
	Complicated dental trauma

	Discussion
	Conclusions
	Acknowledgements
	References


