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Background. 

 

There are only a few studies relating
visual inspection methods and laser fluorescence
when monitoring regression of incipient carious lesions.

 

Aim. 

 

The purpose of this study was to monitor
incipient carious lesions in smooth surfaces under
varnish fluoride therapy using visual inspection
methods and laser fluorescence (LF).

 

Design. 

 

Active white spot lesions (

 

n

 

 = 111) in
upper front teeth of 36 children were selected.
The children were subjected to four or eight
applications of fluoride varnish in weekly intervals.
The visual systems were activity (A) and maximum

dimension in millimetres (D). They were applied
together with LF readings (L) in the beginning of
the study (W1), in the 5th week (W5), and in the
9th (W9) week.

 

Results. 

 

The mean (SD) of L values in W5 and W9
were 5.6 (3.8) and 4.5 (3.3), respectively; both
were significantly different from the initial score
of 7.4 (5.1) in W1. There was a positive correlation
between D and L in W5 (

 

r = 

 

0.25) and W9 (

 

r = 

 

0.36;

 

P

 

 < 0.05). The mean (SD) values of L were lower
following the activity criteria.

 

Conclusions. 

 

Our findings support the finding that
incipient carious lesions in smooth surfaces under
fluoride therapy can be monitored by laser fluores-
cence and visual inspection methods.

 

Introduction

 

White spot lesions represent the first clinical
observation of demineralization in the enamel
and can be regarded as a sign of dental caries

 

1,2

 

.
Several studies point out that fluoridated
dental products, such as fluoride varnishes,
are able to promote remineralization and to
control the development of the carious
process

 

3–6

 

, to reduce demineralization adjacent
to orthodontic brackets

 

7,8

 

, and to reduce
incidence of early childhood caries

 

9

 

.
Despite the simplicity of the method, the

recommended frequency of varnish applications
is still under debate. Half-yearly applications
have been proven to be efficient in preventing
dental caries

 

3,10

 

. In high caries-active patients

is recommended four consecutive weekly
applications

 

11

 

. It has been found in a school
preventive programme that monthly applica-
tion of this product is more effective than
trimonthly and half-yearly applications

 

12

 

.
The current caries pattern of slow progression

raises the chances to reverse a demineralization
process of an incipient carious lesion

 

5

 

. Accurate
caries diagnostic or inspection methods are,
however, needed for monitoring active incip-
ient carious lesions in children enrolled in a
preventive programme and to help professionals
during a restorative clinical decision

 

13

 

. Among
these methods used for initial caries lesions
in occlusal and smooth surfaces, the visual
examination and laser fluorescence have been
extensively investigated

 

14–16

 

.
Basically, the visual inspection consists of

cleaning and drying the tooth or surface to
be examined under a good light source. The
observation of changes in colour and anatomical
configuration will indicate the presence of a
carious lesion

 

17

 

. In order to improve accuracy
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of this method for determining the progression
of a carious lesion, different clinical classifica-
tion systems have been proposed

 

18–20

 

.
The use of the 655-nm laser diode fluo-

rescence is regarded as a promising option for
caries diagnosis despite the risk of false posi-
tives for sealed surfaces and stained fissures

 

21

 

.
The sensitivity, specificity, and reproducibility
of this device have been investigated 

 

in vitro

 

 in
occlusal surfaces

 

14,16

 

 and in smooth surfaces

 

22–24

 

.
There are, however, only few 

 

in vivo

 

 clinical
studies evaluating the laser fluorescence for
monitoring changes in incipient caries lesions
under preventive procedures

 

25,26

 

.
The aim of this work was to monitor incipient

carious lesions in smooth surfaces under
varnish fluoride therapy using visual inspection
methods and a laser fluorescence device.

 

Materials and methods

 

Experimental design

 

This study was approved by the Ethics
Committee of the Federal University of Paraiba
(Joao Pessoa, Brazil).

Three hundred and twenty-seven school-
children (7–12 years old) from two public
schools of the city of João Pessoa were invited
to participate in this study. Apart from the
fluoride varnish and fluoridated toothpaste,
no other fluoride source was available for
the subjects. The city does not have water
fluoridation

 

27

 

 and has not received any pre-
ventive programme that could provide a high
fluoride exposure before and during the
study. All children with visible dental biofilm
received professional cleaning and were
examined for active and intact incipient carious
lesions in the upper canines and incisors. One
hundred and eleven active incipient carious
lesions, from 36 children, were selected due to
the evident visual presence of active incipient
carious lesions (roughness and opaque). A
pilot study was carried out to calibrate one
examiner for selecting the active incipient
carious lesions (kappa = 0.78). The criteria for
exclusion were the following: children with
caries as small cavities or restorations in the
target teeth, development of alterations in
the teeth’s enamel (hypoplasia, fluorosis), use

of orthodontic devices, being under medical
treatment or taking any kind of medicine,
and children whose parents did not sign the
informed consent.

All children received toothpaste (1500 p.p.m.)
and a toothbrush to be used twice a day dur-
ing the study. No oral hygiene instructions
were given to the subjects. The children were
subjected to four or eight applications of
fluoride varnish (Duraphat®, Colgate-Palmolive,
Brazil) in weekly intervals and according to
the manufacturer’s recommendations. Four
fluoride applications were previously planned
to avoid fluoride overtreatment in children
with inactive lesions before finishing the
study period. Prior to the varnish applications,
supervised brushing was carried out. The
incipient carious lesions that remained active
after the fourth application were submitted to
four more weekly applications.

 

Visual examinations

 

The incipient carious lesions were evaluated
using two visual criteria systems and a laser
fluorescence device (DIAGNOdent® 2095, KaVo,
Biberach, Germany) in the beginning of the
study (W1), in the 5th week (W5), and in
the 9th (W9) week. Before each evaluation,
a professional cleaning was performed. For
each diagnostic method, the tooth surface was
examined just after a 15-s air-drying period
with at least 2 min of saliva moisture period
in between to have a standard time for the
laser fluorescence readings. Evaluations were
carried out by only one calibrated examiner
who selected patients randomly and performed
examinations in a blinded way.

Two visual features of the lesion were
observed: activity (A) and dimension (D).
Activity was observed using three scores of
Nyvad scale

 

20

 

: 0 (healthy), 1 (activity, with
intact surface), and 4 (inactivity). Maximum
lesion dimension was measured based on the
guidelines of Maia and Valença

 

28

 

. The lesion
was measured with the aid of a periodontal
probe. The values of D were obtained by the
average of the largest mesial–distal (horizontal)
and incisal–gingival (vertical) diameters in
millimetres. The final dimension mean value
(D) was also categorized (D

 

′

 

) in four levels:
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A (0.1–2 mm), B (2.1–4 mm), C (4.1–6 mm),
and D (larger than 6 mm).

 

Laser fluorescence measurements

 

Laser fluorescence (LF) readings were carried
out using the point B specific for smooth
surface. The maximum reading (peak) of the
examined area was recorded and a drawing
of the lesion was used for locating the site in
future evaluations. Calibration of the LF device
was done according to the manufacturer’s
recommendation every 10 readings using the
ceramic pattern as well as the sound tooth
surface of the dental element. The peak values
of the readings were noted as real values (L)
and also classified in agreement with Lussi
scale (L

 

′

 

)

 

14

 

, which are 0–4, 4.01–10, 10.01–18,
18.01, and above.

 

Data analysis

 

After sample selection, 18 carious lesions
(in five patients) were randomly selected for
assessing intra-examiner agreement (kappa)
for D

 

′

 

 and L

 

′

 

. The kappa values were calculated
before starting fluoride applications to avoid
influence of the enamel changes during the
study. The intra-examiner agreement (kappa)
for D

 

′

 

 and L

 

′

 

 was 0.6 and 1.0, respectively.
The mean (SD) values of LF readings (L)

and lesion dimension (D) were calculated for
each evaluation week (W1, W5, and W9). Since
lesion activity (A) is a categorical variable, the
mean values of D and L were also calculated
according to activity category. Longitudinal dif-
ferences of visual caries scores within groups
were evaluated by paired 

 

t

 

-test. Normal distri-
bution of the values was checked by normal
plots and also using one-sample Kolmogorov–
Smirnov test. For correlation between lesion
dimension (D) and LF readings (L) Pearson’s
correlation was applied. Level of significance
was set to 5%.

 

Results

 

The mean (SD) of L values in W5 and W9 were
5.6 (3.8) and 4.5 (3.3), and both were signif-
icant different from the initial score of 7.4 (5.1)
in W1 (

 

P

 

 < 0.05). Figure 1 shows the number

of incipient carious lesions according to the
scores of L

 

′

 

 readings. A reduction in the
number of incipient carious lesions with high
values of laser fluorescence readings (group
from 10.01 to 18) can be observed. For W1
and W9, the figures were 

 

n

 

 = 22 (19.8%) and

 

n

 

 = 3 (2.7%), respectively. The number of
incipient carious lesions allocated in the group
with L

 

′

 

 readings from 0 to 4 (close to the
sound surface scores) increased. In W1, there
were 38 white spot lesions (34.2%), whereas
in W9, 72 (64.7%) lesions were scored as
sound surfaces (below 4). Three white spot
lesions increased the value of L

 

′

 

 during the
study.

Figure 2 shows the mean (SD) of D during
the study. In W1, W5, and W9, the mean (SD)
values were 3.4 (1.2), 2.7 (1.2), and 2.0 (1.3),
respectively. These values are significantly
different from each other in all tested pairs

Fig. 1. Frequency of incipient carious lesions according to 
laser fluorescence readings scores (L′).

Fig. 2. Mean values of dimension (in millimetres) of carious 
lesions during the study in João Pessoa, Brazil, in 2006. 
Means followed by different letters denote statistically 
significant differences (P < 0.05).
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(W1–W5, W5–W9, and W1–W9) (

 

P < 

 

0.05).
Regarding the mean (SD) of D in relation to
A in W9, the results were 0.0 (0.0) for sound
surfaces (

 

n

 

 = 3), 1.7 (0.9) for inactive lesions
(

 

n

 

 = 16), and 2.7 (1.1) for the remaining active
lesions (

 

n

 

 = 92). These values were statistically
significantly different (

 

P

 

 < 0.05).
Figure 3 expresses the mean (SD) of L

according to activity (A). In W1, the 111 active
lesions showed an L mean (SD) score of 7.4
(5.1). In W5, the means (SD) of L categorized
by A as sound surfaces (

 

n

 

 = 3), inactive (

 

n

 

 = 16),
and active lesions (

 

n

 

 = 92) were 2.6 (0.5), 3.6
(1.8), and 6.1 (4.0), respectively; with signifi-
cant difference between the last values and the
former ones (

 

P

 

 < 0.05). In W9, these values
were 2.3 (0.9), 3.6 (1.8), and 5.7 (4.3) for sound
surfaces (

 

n

 

 = 11), inactive lesions (

 

n

 

 = 45),
and active lesions (

 

n

 

 = 55), respectively; with
statistically significantly differences between
the groups (

 

P

 

 < 0.05).
There was a positive correlation between

D and L in W5 (

 

r

 

 = 0.25) and W9 (

 

r

 

 = 0.36)
(

 

P

 

 < 0.05). In W1, no correlation was observed
(

 

r

 

 = 0.04).

 

Discussion

 

In the present study, the white spot lesions
in the upper front teeth of the children were
related to poor oral hygiene since all children
had visible dental biofilm covering these
incipient carious lesions during selection. Thus,
the indication of remineralization of white spot
lesions in W5 and W9 cannot be attributed to
the fluoride varnish only, since biofilm removal
with delivery of fluoride from toothpaste had

also played a role. Professional cleaning as well
as good illumination and drying of the dental
element are important procedures for accurate
visual examination

 

17,20

 

. Professional cleaning
is also important for laser fluorescence since
nonremoval of organic matter on the tooth
surface can influence laser fluorescence
readings

 

15

 

. Hence, for an adequate caries
inspection, prophylaxes prior the examina-
tions were necessary.

A control group without fluoride exposure
would be interesting. In this situation, it would
have been possible to minimize the effect of
fluoride and follow up the evolution of these
white spot lesions affected by biofilm removal
only. This situation was, however, regarded
unethical due to the risk of progression of
active lesions and no beneficial effect of
fluoride in one of the groups. In addition, no
oral hygiene instructions were given to the
children and the twice-daily brushing at home
was not supervised during the study. On the
other hand, supervised brushing was carried
out once per week prior to fluoride varnish
applications except for W1, W5, and W9 when
professional cleaning was performed. There-
fore, possible differences in oral hygiene
practices at home had a minimal effect on
the progression of remineralization of these
lesions.

Recently, Aljehani 

 

et al.

 

26

 

 used a laser fluo-
rescence device to follow up incipient carious
lesions in a study design similar to ours.
The major differences were that white spot
lesions were formed around fixed orthodontic
appliances; the treatments did not include
topical fluoride application but oral hygiene
instructions or professional cleaning and the
duration of the study was 12 months.

Most of the incipient carious lesions related
to orthodontic treatment can be controlled
with the removal of the brackets, which
reduces the cariogenic challenge

 

7,8

 

. In our study,
the incipient carious lesions were related to
poor oral hygiene in children at risk for dental
caries. Therefore, in our study the incipient
carious lesions were probably more severe
than those reported by Aljehani 

 

et al.

 

26

 

. In our
study, the white spot lesions were rather large
in dimension (D) with 3.4 mm and the first
mean DIAGNOdent reading in our study was

Fig. 3. Mean (SD) values for L (laser fluorescence) according 
to three scores of A (activity) in W1, W5, and W9. Means 
followed by different letters denote statistically significant 
differences (P < 0.05).
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higher, 7.4, than the values, 5.4 reported in
their study.

After 1 year of treatment with oral hygiene,
Aljehani 

 

et al.

 

26

 

 observed that the mean
laser fluorescence readings in incipient carious
lesions had a significant decrease of 1.5 units,
from 5.4 in the first measurement to 3.9 in the
end. In our study, in a shorter period with
fluoride varnish applications, the reduction
observed was of 1.9 units. Despite the differ-
ences in design and treatments, both studies
support the idea that laser fluorescence can be
an alternative method for monitoring incipient
carious lesions in smooth surfaces under caries
preventive-control programmes.

For incipient carious lesions in fissures, the
laser fluorescence may not have the same
performance as for smooth surfaces. More
clinical studies are necessary to evaluate this
issue. One possible explanation is that when
using a laser fluorescence device for longitudinal
caries monitoring, the same mode of calibration
should always be used

 

29

 

. Since the probe posi-
tion on the target sites has to be recorded care-
fully, in longitudinal studies it is recommended
to have a drawing of the tooth with the lesion
and the target sites.

The values of D and L were correlated in W5
and W9. This suggests that the LF readings
followed the reduction in dimension of the
white spot lesions. These were, however, weak
correlations. In addition, even after intense
fluoride therapy, the white spot lesions classified
as active by A remained with mean L

 

′

 

 in the
group 4.01–10 in W9. Our findings are in con-
trast with 

 

in vitro

 

 studies that supports a low
precision of LF in smooth surfaces

 

21,22

 

. In our
study, all three methods were able to follow
clinical improvement over time and this is a
support to clinical activity assessment (A) that
in most situations is used for assessing carious
lesions development but not carious lesions
regression

 

20

 

.
Our findings suggest that eight consecutive

applications of fluoride varnish in patients
with regular oral hygiene with fluoridated
toothpaste can produce at least a short-term
50% reduction in white spot lesions. This
information is relevant since a recent study
showed that an increment of caries is expected
to be high among children who present white

spot lesions in the beginning of a 1-year follow-
up period

 

30

 

. Although our data do not include
a 1-year follow-up, a recent study concluded
that within a period of 6 months of fluoridated
toothpaste use white spot lesions are stable
concerning fluorescence loss

 

6

 

.

 

Conclusions

 

Our findings support that regression of incipient
carious lesions in smooth surfaces under
topical fluoride applications can be monitored
by laser fluorescence and visual inspection
methods as maximum dimension (D) and
activity (A).
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