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Abstract
Objectives: Some non-cavitated caries lesions (D1), the initial stage of caries, progress
to cavitation. This article reports participant-level and surface-level D1 prevalence
and changes in status of D1 lesions through different periods from age 9 to 23.
Methods: The Iowa Fluoride Study (IFS) participants were followed longitudi-
nally; all permanent tooth surfaces were examined clinically for caries at ages
9, 13, 17, and 23 using standardized criteria for sound (S), questionable (D0), non-
cavitated (D1), cavitated (D2+), filled (F), or missing due to decay (M). D1 lesions
at the beginning of each interval were reassessed at each follow-up age to deter-
mine transitions (to the 5 categories or no transition).
Results: The sample had relatively high socioeconomic status (SES), with about
52%–55% high SES, 32–35% middle SES, and 12–13% low SES. Person-level
prevalences of D1 lesions were 23%, 38%, 60%, and 45% at ages 9, 13, 17, and
23, respectively. Surface-level prevalences were less than 1% at ages 9 and 13, 3%
at 17, and 2% at 23. Thirteen percent of D1s at age 9 progressed at 13, 18% pro-
gressed from 13 to 17, and 11% progressed from 17 to 23. The percentages regres-
sing (to sound or D0) were 72%, 54%, and 72%, respectively.
Conclusion: Non-cavitated lesions were more prevalent at age 17 than at ages
9, 13, and 23. The high rates of regression compared to progression or no change
suggest that many non-cavitated lesions do not progress to cavitated lesions and
could be reversed; therefore, surgical intervention should not be the treatment of
choice for incipient lesions.
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INTRODUCTION

Half of the world’s population (3.58 billion people) is
affected by oral diseases, and dental caries of the perma-
nent teeth was determined to be the most prevalent oral
health condition worldwide [1]. Oral scientists and dental
practitioners have advocated various strategies for

appropriate management of various stages of caries. New
caries management protocols have been developed con-
sidering the various levels of caries risk [2, 3], combining
aspects of both therapeutic and preventive strategies for
caries management [4]. The term “minimally invasive
dentistry” has also become very popular [5, 6]. This con-
servative approach toward dental caries is based on the
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facts that dental caries is preventable and costly to treat
[6]. It highlights the significant role of social and other
determinants, beside the biological process of caries devel-
opment [6]. Therefore, it is emphasized that, since dental
caries is preventable, arrestable, and reversible, we should
focus more on preventing disease progression rather than
treating it with restorations at later stages [7, 8].

The caries status of a given tooth may or may not change
over time. A sound tooth can remain sound or develop a car-
ies lesion, while a carious lesion can either maintain its
state, progress into a deeper lesion or regress to an
arrested or sound status. This fate of a caries lesion is
dependent on the balance between remineralization and
demineralization [7, 9]. The initial stage of caries is the
non-cavitated enamel lesion which is not painful [10]
and can gradually progress to cavitation if remineraliza-
tion measures are not taken to halt its progression.
Machiulskiene et al. [11] used the term “initial caries
lesion” for them and defined them as early caries lesions
that could have been present in the mouth for a lifetime.
The term is defined on the basis of the stage of severity,
rather than lesion activity. Failure to assess and report
these non-cavitated enamel lesions underestimates the
total caries prevalence and results in failure to identify
potential, future oral health problems for patients [12].

Non-cavitated lesions are significantly more prevalent
than cavitated carious lesions [10, 12] and data suggest
that only a small proportion of individuals remain unaf-
fected by tooth decay after taking into account non-
cavitated lesions [13, 14]. Moreover, considering the fact
that caries management strategies in dentistry recently
have become more focused toward prevention and con-
servative approaches, assessing non-cavitated lesions is
essential for complete understanding of the true treat-
ment needs of patients and populations [15]. Even though
there is some research published on similar topics world-
wide [14–24], there is none specifically related to the prev-
alence and progression of non-cavitated carious lesions in
permanent teeth, particularly in the United States [17,
25, 26]. Therefore, it is important to study caries progres-
sion and differences by age. The purpose of this article is
to report on the prevalence of non-cavitated lesions and
their progression and regression across different periods
from age 9 to 23.

METHODS

This article is based on secondary analyses of data from
the Iowa Fluoride Study (IFS), a prospective cohort
study that followed a birth cohort recruited from 1992 to
1995 in the maternity wards of 8 Iowa hospitals. The
study followed the cohort for 23 years and regularly col-
lected fluoride exposure, dietary and other related infor-
mation associated with dental fluorosis and caries. The
primary goals of the IFS were to estimate fluoride intakes

of participants and to study associations between these
intakes and dental fluorosis and dental caries [27].

Approval for the study was obtained from the Uni-
versity of Iowa Institutional Review Board (IRB) initially
in 1991 and annually, as well as when there were any
changes to the study protocol or study personnel [28].
Parental informed consent was obtained at recruitment
and at each examination through age 17, and participant
assent at ages 13 and 17 and consent at 23 were obtained.

The participants underwent dental examinations for
the assessment of permanent tooth dental caries up to
4 times during the study period at approximately ages
9 (mixed dentition, but only permanent teeth used in
these analyses), and 13, 17, and 23 (permanent dentition)
using IFS non-cavitated/cavitated criteria [17] modified
from Pitts’ criteria [29]. The examinations were con-
ducted by 5 trained and calibrated examiners over the
course of study, with a subset of 3 examiners per wave
and 2 examiners the same at each subsequent examina-
tion. The IFS scoring criteria defined five categories:
sound (S), questionable (D0), non-cavitated (D1), and
cavitated (D2+ for enamel and dentin combined) caries
lesions, and filled (F); sealed status was scored separately,
but not considered directly in the assessments. In the
absence of any lesions on the same surface as a sealant,
sealed surfaces were considered sound, so instances where
a surface that initially had a D1 lesion, but later had a
sealant, were considered regression. (Table 1) Most
examinations were conducted at the University of Iowa
Clinical Research Center, with some completed at remote
locations in Des Moines and Waterloo, Iowa. The clini-
cal examinations were conducted using portable equip-
ment without radiographs. A lighted dental mirror
system (DenLiteB, Welch-Allyn Medical Products, Inc.,
Skaneateles Falls, NY) and compressed air were used to
improve visualization, and dental explorers were used
only to confirm questionable findings. All children’s teeth
were brushed prior to the examinations [17].

Sociodemographic information was collected in 2007
by questionnaire when the sample was about 12–15 years
of age. The questionnaires collected information about
sex, race/ethnicity, annual family income, and maternal
educational level. Composite socioeconomic status (SES)
was defined based on annual family income and maternal
educational level. Low SES families were defined as those
with family income <$40,000 and any level of maternal
education less than graduate/professional school. Middle
SES families had annual family income <$40,000 and
maternal education level of graduate/professional school
or annual family income from $40,000–$79,999 and any
level of maternal education less than graduate/
professional school. High SES families had a family
income between $40,000 and $79,999 and maternal edu-
cation level of graduate/professional school or annual
family income of ≥$80,000, irrespective of maternal edu-
cational level.
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For dental examination of both pit and fissure sur-
faces and smooth surfaces, the study criteria clearly dif-
ferentiated among various stages of developing caries
lesions. Radiographs were not used and the criteria used
by the study did not distinguish between D2 (enamel) and
D3 (dentin) lesions, so they were combined as D2+.
Cavitated-level caries status included D2+, M, and F sur-
faces (D2+MFS) [28, 30], where F were filled with no
recurrent or separate decay and M were missing due to
caries. In brief, D1 lesions were characterized by chalky-
white appearance or staining in the pits and fissures with-
out loss of enamel, while “questionable” (D0) lesions were
recorded when lesions were present, but did not meet the
criteria for D1 lesions, such as in the case of arrested
lesions.

This study assessed the prevalence of different sur-
face lesions, as well as transitions of non-cavitated (D1)
lesions, at both the participant-level and surface-level.
At the participant-level, prevalence was defined as the
percentage of participants with at least one non-
cavitated (D1) lesion. At the surface-level, it was the per-
centage of tooth surfaces/zones with D1 lesions. Tooth

surfaces (buccal, lingual, distal, mesial, and occlusal)
were scored separately and, for the maxillary first and
second molars, the occluso-mesial and occluso-distal
pits were recorded separately as occlusal zones. The
transitions were reported into the six categories as
described above (S, D0, remained D1, D2+, F, or M), as
well as three broad categories (progression, no change,
and regression). “Progression” of non-cavitated caries
lesions was defined as a change from D1 to D2+, F, or
M. The surfaces that maintained their status as a D1,
that is, neither showed progression nor regression/arrest,
were categorized as “no change.” Finally, the “regres-
sion” category represented lesions that reverted from D1

to S or D0. These transitions were determined separately
for the following five time periods: 9–13 years, 13–
17 years, 17–23 years, 9–23 years (for early erupting
teeth only), and 13–23 years (for late-erupting teeth
only). Prior to each of the four exams, examiners were
retrained and recalibrated, and during each exam period
they conducted duplicate exams on a subset of partici-
pants to assess inter-examiner agreement. Kappa scores
for inter-examiner agreement accounting for multiple

TABLE 1 Scoring criteria for the Iowa Fluoride Study [Color table can be viewed at wileyonlinelibrary.com]

Note: Colored codes used in this study (The IFS scores that were not used in this study were not coded with any color): , ^No caries/sound; , $Questionable (D0);
, **Non-cavitated enamel lesion (D1); , ΔCavitated enamel lesion (D2+); , #Filled (F).
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examiners were calculated. Data analysis for descriptive
frequencies and kappa statistics were calculated using R
software, version 3.6.2 [31].

RESULTS

The study sample of 629 participants at age 9 had rela-
tively equal sex distribution (49% males and 51%
females). It was predominantly white and non-Hispanic
(95%). The sociodemographic data collected in 2007
showed that the majority of these participants’ mothers
(71%) had some education beyond high school (17% had
some college education, 23% a 2-year-college degree or
completed technical/beauty school, and 31% a 4-year col-
lege degree). Over the study period, about 52%–55% of
the samples were high SES, 32%–35% were middle SES,
and 12%–13% were low SES.

Inter-examiner agreement caries kappa scores at the
person- and permanent tooth surface-levels were 0.74
and 0.47 at age 9, 0.74 and 0.70 at age 13, 0.53 and
0.74 at age 17, and 0.74 and 0.83 at age 23 years,
respectively.

The sample sizes for each cross-sectional assessment,
along with the numbers and percentages of participants
with at least one D1 lesion, are shown in Table 2. At age
9, 23% of the 629 participants (n = 146) had at least one D1

lesion; at age 13, 38% (n = 209) of 549 had at least one D1;
at age 17, 60% of 464 (n = 279) had at least one D1; and at
age 23, 45% (n = 153) of 342 had at least one D1 lesion.

Table 3 shows the prevalence of zone/surface-level
lesions by caries category at each examination. The num-
bers (and percentages of all sites examined) with D1 were

307 (0.9%), 607 (0.9%), 1856 (3.1%), and 926 (2.1%) at
ages 9, 13, 17, and 23 years, respectively. At all ages, the
highest prevalence of D1 lesions was recorded on molars
(95% at age 9, 62% at age 13, 58% at age 17 and 63% at
age 23) and buccolingual surfaces (54% at age 9, 58% at
age 13, 67% at age 17, and 59% at age 23).

Table 4 shows the frequency distributions of D1 tran-
sitions for the five time periods. Of 222 D1 lesions at age
9 by age 13, 60.8% (n = 135) regressed to sound, 11.3%
(n = 25) regressed to questionable (D0), 15.3% (n = 34)
remained non-cavitated (D1), 1.8% (n = 4) progressed to
cavitation (D2+), and 10.8% (n = 24) were filled (F). Dur-
ing this time period, fillings accounted for 85.7% of pro-
gression, while cavitation contributed 14.3%.

From age 13 to 17, 34.4% of 459 D1s (n = 158)
regressed to S and 20.0% (n = 92) regressed to D0, 28.3%
(n = 130) remained D1, 3.7% (n = 17) progressed to D2,
and 13.5% (n = 62) progressed to F. Fillings accounted
for 78.6% of D1 lesion progression, while cavitation con-
tributed 21.5%.

From age 17 to 23, 51.6% of 1125 D1 lesions
(n = 580) transitioned to S and 19.6% (n = 221) to D0,
17.6% (n = 199) remained D1, 3.7% (n = 42) became
D2+, 7.0% (n = 79) became F, and 0.4% (n = 4) were
missing (M) due to caries. Most progression was fillings
(63.2%), with 33.6% untreated decay (D2+) and 3.2%
missing (M) (Table 3).

For the early erupting teeth from age 9 to 23, there
was a higher rate of progression from the D1 category
during this longer follow-up period of 14 years at about
31.9% (with 97.7% of this progression being fillings) and
a lower percentage of lesions regressing, 60.9% (with
81.3% transitioning to S and 18.6% to D0).

For the late-erupting teeth followed for 10 years from
age 13 to 23, results were similar. The rate of progression
was 28.3% (with 92.3% of progression being fillings) and
55.0% regressed (with 71.1% transitioning to S and 28.9%
to D0).

The rates of caries progression for 17–23 years inter-
val among D1 lesions were highest on the occlusal sur-
faces (i.e., 25% on occlusal (O) versus 18% on mesiodistal
(M/D) and 5% on buccolingual (B/L) surfaces) and molar
teeth (14% on molars versus 7% on non-molars), while
the rates of regression were highest on the buccal and lin-
gual surfaces (i.e., 76% on B/L versus 67% on M/D and

TABLE 3 Frequency distributions of zone/surface-level lesions by caries categories at each examination (age 9, 13, 17, and 23 years)

Caries categories Age 9 (n, %) Age 13 (n, %) Age 17 (n, %) Age 23 (n, %)

D0 77 (0.2%) 482 (0.7%) 1739 (2.9%) 1125 (2.6%)

D1 307 (0.9%) 607 (0.9%) 1856 (3.1%) 926 (2.1%)

D2 67 (0.2%) 60 (0.1%) 149 (0.3%) 188 (0.4%)

F 261 (0.7%) 605 (0.9%) 1465 (2.5%) 1578 (3.6%)

S 35,013 (98.0%) 66,809 (97.4%) 54,593 (91.3%) 40,132 (91.2%)

M 0 (0%) 0 (0%) 0 (0%) 35 (0.1%)

Total 35,726 (100%) 68,563 (100%) 59,802 (100%) 43,984 (100%)

TABLE 2 Frequency distributions of participants examined and
those with at least one D1 lesion at each examination (ages 9, 13, 17,
and 23 years)

Age (years) Total sample size

At least 1 D1 lesion (sample size)

Number Percentage

Age 9 629 146 23.2%

Age 13 549 209 38.1%

Age 17 464 279 60.1%

Age 23 342 153 44.7%
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59% on O) and teeth except molars (i.e., 77% on non-
molars versus 68% on molars).

Overall, for all incidence intervals, only a small
percentage progressed to decayed, missing, or filled.
Specifically, the percentages of no-change were 15%–

28%, percentages of regression were 34%–61%, and
percentages of progression to D2 were quite low, from
1.8% to 3.7% (i.e., excluding progression reported as
fillings).

DISCUSSION

The primary goals of this article were to report the preva-
lence of non-cavitated carious lesions (at ages 9, 13,
17, and 23) and progression of non-cavitated carious
lesions longitudinally [from ages 9–13, 13–17, 17–23, 9–
23 (early erupting teeth), and 13–23 (late-erupting teeth)]
for participants in the IFS.

The percentages of participants with at least one non-
cavitated D1 lesion were 23% at age 9, 38% at age
13, 60% at age 17, and 45% at age 23, respectively. The
substantially higher rate at age 17 could be due in part to
the higher likelihood of D1 lesions surrounding orthodon-
tic brackets or recently removed brackets. The lower rate
at age 23 may be due to a multi-year remineralization
period after removal of brackets. Another partial expla-
nation could be the dietary choices at these ages, with
higher amounts of processed food and junk food being
consumed in adolescence before the age 17 exams and
reductions from age 17 to 23.

There were no studies found for comparison of these
person-level results, since all studies reported prevalence
at the tooth and/or surface level only. Therefore, the fol-
lowing discussion is for prevalence and results at the
surface-level.

The prevalence of non-cavitated D1 lesions at the
zone/surface-level was �1% at ages 9 and 13, 3% at age
17, and 2% at age 23. The highest zone/surface-level D1

rate was at age 17 and the rate at age 23 also was much
higher than at ages 9 and 13. These rates were somewhat
lower when compared to other studies. Nuca et al. [15]
reported 18% of sites (n = 1765) to be incipient white

spot lesions at age 12–13 years based on combined clini-
cal and radiographic examinations. Acevedo et al. [14]
reported that, based on clinical examinations, approxi-
mately 1.73% (n = 3117) were non-cavitated lesions out
of 180,074 surfaces evaluated in schoolchildren 11–
13 years of age. Zenkner et al. [16] reported that, out of
1152 total sites examined at baseline (mean 13.3 years),
47% (n = 550) were inactive non-cavitated lesions. At
follow-up (mean age 17.6 years), 60% (n = 692) of the
1152 sites had inactive non-cavitated lesions and 3%
(n = 36) had active non-cavitated lesions. The higher
prevalences of D1 lesions in other studies were probably
due to methodological differences and their samples hav-
ing lower SES than ours.

This study found that the rates of D1 lesion progres-
sion for different age intervals varied from 11% to 32%,
with higher rates for longer follow-up periods: 13% for
9–13, 19% for 13–17, 11% for 17–23, 32% for 9–23 (early
erupting teeth), and 29% for 13–23 (late-erupting teeth).
However, the rates of regression were relatively high for
all age intervals as compared to no change and progres-
sion. The rates of regression for different age-intervals
varied from 54% to 72%: 72% for 9–13, 54% for 13–17,
72% for 17–23, 61% for 9–23 (early erupting), and 55%
for 13–23 (late-erupting). In summary, rates of D1 lesion
regression were always higher than rates of progression,
but higher rates of progression were recorded for longer
follow-up periods.

Most lesion progression was the result of new fillings,
as overall progression ranged 11%–32%, but excluding
fillings (i.e., including only D1 to D2+), progression rates
were less than 4%. This shows that the overall rates of
progression (due to high rates of fillings alone i.e., 7%–

28%) reported by this study might over-estimate the pro-
gression of true disease. Since the restorations were also
counted as progression, but decisions to restore were
made based on the subjective judgments of clinicians,
there are no study data available for these to identify the
“true need” for a filling. Moreover, the sample with rela-
tively high SES having high rates of treatment could be
another possible explanation of high rates of filling. Our
results for progression of D1 lesions are generally consis-
tent with the patterns of the few other studies [18, 20],

TABLE 4 Frequency distribution of D1 lesion transitions at follow-up to regression (sound (S), arrested or questionable D0), no change (D1), or
progression (cavitation (D2), filled (F), or missing due to caries (M))

Frequency distribution of D1 lesion transitions

Regression No change Progression

TotalS D0 D1 D2 F M

Status at age 13 of D1 lesions at age 9 135 (60.8%) 25 (11.3%) 34 (15.3%) 4 (1.8%) 24 (10.8%) – 222

Status at age 17 of D1 lesions at age 13 158 (34.4%) 92 (20.0%) 130 (28.3%) 17 (3.7%) 62 (13.5%) – 459

Status at age 23 of D1 lesions at age 17 580 (51.6%) 221 (19.6%) 199 (17.6%) 42 (3.7%) 79 (7.0%) 4 (0.4%) 1,125

Status at age 23 of D1 lesions at age 9
a 70 (49.6%) 16 (11.3%) 10 (7.1%) 1 (0.7%) 44 (31.2%) – 141

Status at age 23 of D1 lesions at age 13
b 54 (39.1%) 22 (15.9%) 23 (16.6%) 2 (1.5%) 36 (26.1%) 1 (0.7%) 138

aEarly erupting teeth only.
bLate-erupting teeth only.
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with differences probably due to study differences in ages,
duration of follow-up, and assessment methodologies [18,
20]. Specifically, Mejare et al. [18] reported radiographic
progression of 19% of approximal enamel lesions from
age 12 to 21 years. Martignon et al. [19] reported that
50% of lesions located in the outer half of enamel at base-
line (age 20 years) progressed to cavitation and 10% were
filled at follow-up (age 26 years). Hintze [20] reported
progression to cavitation of 22% and to filling of 8% of
the enamel lesions (from baseline mean age 14.5 years to
follow-up 17.6 years). Zenkner et al. [21] reported that,
out of 539 inactive enamel lesions at baseline, 3% pro-
gressed to active lesions and 1% were filled after 1 year
(baseline median age 13) based on thorough clinical
examinations [16, 21].

Our study recorded “no change” over 6 years from
age 17 to 23 in 18% (n = 203) of the surfaces with a D1

lesion at baseline, that is, 18% of lesions remained non-
cavitated from baseline to follow-up after 6 years. These
results are consistent with Hintze [20] who reported no
change in 13% of the radiographic approximal enamel
lesions (from baseline mean age 14.5 to follow-up mean
age 17.6). However, Zenkner et al. [21] reported very
high rates for the “no change” category of D1 lesions in
school-children (median age 13.3 years) after one-year of
follow-up, with 96% (n = 518) of 539 inactive enamel
lesions that remained the same. Their high rates of “no
change,” much higher than our study, could be explained
by the short follow-up duration of 1 year, since the same
cohort was reported to have 64% of “no change” when
followed up for 4–5 years (mean age 17.9 years) [16, 21].

Finally, the rates of regression of D1 lesions were very
high, ranging from 54% to 72%. These results could be
explained by the high socioeconomic status of our sam-
ple, as well as the high rate of exposure to fluoridated
water and almost universal use of fluoridated dentifrice.
Moreover, some of these could be attributed to reversal
of diagnoses owing to different examiners at different
examinations. Only a few studies in the literature have
reported on regression of D1 lesions, and the results were
highly variable. Warren et al. [17] reported high rates of
regression to sound/arrested or no change for D1 lesions
(63%) from baseline (mean age 5.2 years) to follow-up
(mean age 9.2 years) among IFS participants. David
et al. [22] reported that 25% of lesions (D1�5 MFS) had
either a reversal or no increment in caries from age 12 to
18. Martignon et al. [19] reported regression in 6% of
70 enamel lesions from age 20 to 26 years. Chestnutt
et al. [23] reported extremely low clinical reversals, with a
reversal rate of <1%, from decayed (DMFS) to sound
after 3 years (baseline 12.5 years). Lith et al. [24] reported
on regression from age 6 to 20, with 4% of all reversals
from dentin to enamel and 95% within enamel. Zenkner
et al. [16] found that 10% of inactive non-cavitated
lesions became sound and 23% of inactive cavitated
lesions became inactive non-cavitated lesions after 4–
5 years of follow-up.

This study had several strengths, including a moder-
ately large sample with much data concerning a cohort fol-
lowed for 23 years in the IFS. It is the only study we are
aware of that assessed the progression of non-cavitated
caries lesions longitudinally from age 9 to 23. An addi-
tional strength of the study was the assessment of the
regression of non-cavitated caries lesions, since most of the
published literature related to caries outcomes has not
explored caries regression. Lastly, the examiners in the
IFS had formal training, calibration, and recalibration
exercises and inter-examiner reliability was favorable.

There also were several limitations to the study. First,
the IFS study participants were a relatively homogeneous
group, with the large majority being non-Hispanic
Whites (95%) and from relatively higher SES families
(35% from middle and 53% from high SES groups) at age
9, with mostly relatively low disease levels. Therefore, the
participants are not representative of the general
U.S. population, limiting generalizability. Furthermore,
there was loss of subjects to follow-up over time. Second,
a large percentage of non-cavitated sites with caries pro-
gression presented as fillings (not frank cavitation), so the
study is not reporting on the natural history of caries pro-
gression and is instead largely reflecting dentists’ treat-
ment. Third, there were no study data included on
dentists’ diagnostic practices or decision-making concern-
ing dentists’ preventive, remineralization, or restorative
approaches. This is important, as non-cavitated caries
lesions can sometimes be challenging to differentiate
from questionable lesions and stained tooth surfaces, as
well as from dentinal caries without enamel cavitation.
Thus, dentists may have restored some non-cavitated D1

lesions that had not actually progressed. Thus, there is
possible over-estimation of caries progression results due
to the relatively high number of fillings done (based on
subjective assessment of the dentists). Fourth, the dental
exams were only done at the beginning and end of the 4-
to 6-year study periods, without any examinations in
between, so we cannot assess the timing of change in the
D1 lesions within the 4- to 6-year intervals. Also, the time
between exams varied slightly from person to person, so
the incidence period also varied for each person. Fifth,
the IFS caries assessment criteria did not distinguish
between cavitated enamel and cavitated dentin lesions,
limiting reporting of the level of progression to a cavi-
tated outcome. The study did not use radiographs to
assess caries; therefore, it is likely that the caries out-
comes were underestimated, particularly on the proximal
surfaces. Sixth, the examiners varied at different exami-
nations, with only one examiner present during all five
examinations. However, in order to reduce the impact of
inter-examiner differences and to ensure consistency of
results, at least two examiners from each wave continued
to be part of each subsequent examination. Lastly, the
study did not account for information on important
changes during adolescence and young adulthood, such
as changes in dietary choices, orthodontic treatment, and
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other lifestyle habits. All of these might have affected the
results and could partially explain why there was a higher
rate of D1 lesions at age 17 compared with the
other ages.

CONCLUSION AND FUTURE
RECOMMENDATIONS

This study reported that non-cavitated lesions were more
prevalent at age 17 than at ages 9, 13, and 23. For all
time periods, there were higher rates of regression and no
change at follow-up as compared to only a fraction of
lesions that showed progression to a cavitated state. The
high rates of regression, even after 4 to 14 years of
follow-up, further highlight the importance of the non-
cavitated stage. It reinforces that the non-cavitated
lesions can be reversed and that the provider should not
assume surgical intervention to be the treatment of choice
for incipient lesions.

Future studies should include non-cavitated lesions in
their analyses and report them separately from cavitated
lesions. This will add useful information to the literature
and hopefully encourage enhanced use of remineraliza-
tion and preventive dentistry approaches and reductions
in the unnecessary restoration of non-cavitated lesions.
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