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Abstract
Background: Caries detection in school oral examinations insufficient accuracy. Objective: To evaluate advantages of introducing quantitative lightinduced fluorescence-digital (QLF-D) in school oral examinations. Methods:
Experiment No. 1. Early demineralized lesions in the upper and lower incisors and canines were visually inspected by three dentists and by QLF-D. The
numbers of tooth planes with early demineralized lesions were compared
between the methods. Experiment No. 2. Approximal demineralized lesions
in molars were assessed by visual inspection, x-ray imaging, and QLF-D. The
numbers of tooth planes with demineralized lesions were compared among
the methods. Experiment No. 3. Plaque distribution was evaluated by QLF-D
and a traditional staining method. The ratio of the diameter of plaque to
tooth crown in the tooth axis direction in each method was calculated. The
results were evaluated by Pearson’s correlation coefficient analysis and
Bland-Altman plot. Results: Experiment No. 1. The three dentists found 0.67
tooth planes on average. QLF-D found 22 tooth planes with early demineralized lesions in the same samples. Experiment No. 2. Fourteen approximal
tooth planes of molars were found to have demineralized lesions by x-ray
imaging. QLF-D detected 71.4% of the tooth planes out of the 14, whereas
visual inspection found 7.1%. Experiment No. 3. The Pearson’s correlation
coefficient for the evaluations of plaque distribution between the QLF-D and
traditional staining methods was 0.77 (P < 0.001). No statistically significant
systematic error was found through the Bland-Altman Plot analysis. Conclusion: The results support introduction of QLF-D for use in school dental
examinations.
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1. Introduction
Objective, safe, and easy-to-use means of evaluating demineralized lesions have
not been available outside of dental offices, so dental checkups at schools must
primarily rely on visual inspection in Japan. However, dentists have to perform
visual inspections of numerous students with insufficient time and light sources.
Consequently, the accuracy of school dental checkups in Japan depend on the
skill of individual dentist. When there is an obvious cavity on the tooth surface,
it can be detected easily, but if the demineralized lesion is hidden in the approximal region that cannot be seen directly or is in its early stage, it cannot be
found through visual inspection in such poor surroundings [1] [2] [3] [4] [5].
According to a survey by the Japanese government, the caries prevalence ratio
decreased to 35.3% among ≤14-year-old Japanese children in 2016. This finding
indicated that many children do not have an obvious cavity in their mouth and
that dentists are expected to detect early demineralized lesions, which are more
common than cavities but can be found only by professionals. Recently, some
laser or fluorescence devices used to evaluate carious lesions have been developed. Although in vitro and in vivo studies have reported the reliability of these
devices [6] [7] [8], they have not yet been introduced for use in school dental
checkups. In this study, with the goal of introducing quantitative light-induced
fluorescence-digital (QLF-D) into school dental checkups, the abilities to detect
early carious lesions and evaluate plaque distribution on the tooth surface between traditional methods and QLF-D were compared in available surroundings
as school dental checkups. This study protocol was evaluated and approved by
the ethics committee of Meikai University (approval number: A1305).

2. Materials and Methods
This study was carried out from May 2014 to March 2016.

2.1. Detection of Early Demineralized Lesions in Incisors and
Canines
Three dentists who had professional backgrounds of >3 years performed visual
inspections. They inspected early demineralized lesions in incisors and canines
in 10 child patients who visited our clinic for regular dental checkup. The child
patients were six boys and four girls whose age ranged from 6 to 14 years. In this
visual inspection, early demineralized lesions were defined as demineralized lesions that had a shade abnormality, but did not have any cavities. After the visual inspection, images of the teeth were taken by QLF-D under the following conDOI: 10.4236/health.2018.108083
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ditions: shutter speed of 1/60 second, aperture value of 5.6, ISO speed of 1600
[9], and the distance between the lens and the object was 10 cm. The images
were taken approximately vertically to the object in a dark room. The child patients were sitting on a chair while the images were taken. The numbers of tooth
planes that were diagnosed as having early demineralized lesions by visual inspection and QLF-D were compared.

2.2. Detection of Approximal Dental Caries in Molars
Demineralized lesions of approximal planes in upper and lower molars excluding distal planes in posterior end molars (48 surfaces) were visually inspected by
three dentists who had professional backgrounds of >3 years. Following the visual inspection, the same regions were analyzed by QLF-D under the same conditions as in the detection of early demineralized lesion in incisors and canines.
Then, dental radiographs were taken and interpreted. In dental radiographs, an
early demineralized lesion was defined as a radiolucent lesion within the enamel
(C1) because dental caries is recognized as a radiolucency in a radiograph in
daily clinical practice when the lesion becomes C1 or severer [10].

2.3. Comparison of Plaque Evaluation between Traditional
Staining Method and QLF-D
Five adult males without past and present systemic illness history whose ages
ranged from 27 to 29 years participated in the study as test subjects. The subjects
were asked to forego teeth brushing for 60 hours. At 60-hours, images of the
upper and lower central incisors, lateral incisors, and canines were taken by
QLF-D under the following conditions: shutter speed of 1/60 second, aperture
value of 5.6, ISO speed of 1600 [9], and the distance between the lens and the
object was 10 cm. The images were taken approximately vertically to the object
in a dark room. The subjects were sitting on a chair while the images were taken.
After taking the images by QLF-D, plaque was stained by using a traditional
staining method (Dent. Liquid Plaque Tester: Lion Corporation, Tokyo, Japan),
and oral photographs were taken by using a single-lens reflex camera. Plaque
distribution was evaluated in the images taken by QLF-D and the camera, respectively. The ratio of the height in the tooth-axis direction of the plaquedetected area to the crown dimension was calculated for the respective tooth in
both kinds of images based on the Oral Health Index [11] (Figure 1), and the ratio was compared by Bland-Altman plot [12] [13] and Pearson’s correlation
coefficient analysis to determine if there was systematic error between the plaque
evaluations by the staining method and QLF-D.

3. Results
3.1. Detection of Early Demineralized Lesions in Incisors and
Canines
Table 1 shows a comparison of the mean numbers of early carious lesions
DOI: 10.4236/health.2018.108083
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Table 1. Results of examinations by visual inspection and QLF-D.
(Unit: Tooth Planes)
Patients

Visual Inspection

QLF-D

A

0

3

B

0

0

C

0

8

D

0

3

E

0.67

4

F

0

2

G

0

0

H

0

1

I

0

1

J

0

0

Figure 1. Comparison of evaluations of plaque distribution between QLF-D and the usual
staining method. The ratio of the diameter of the area that was determined to be covered
with plaque to the tooth crown in the tooth axis direction (shown as B (mm)/A (mm) and
B’ (mm)/A’ (mm) in Figure 3) in each method was calculated. The result was evaluated
by Bland-Altman plot analysis.

detected through visual inspection or QLF-D. Two of the three dentists who had
professional backgrounds of >3 years found a tooth plane with an early demineralized lesion in only one participating child through visual inspection. On the
other hand, QLF-D found early demineralized lesions in seven participating
children out of 10. QLF-D detected four tooth planes with early demineralized
lesions in a child who had been determined to have had an average number of
0.67 tooth planes with early demineralized lesions through the visual inspection.

3.2. Detection of Approximal Dental Caries in Molars
Table 2 shows the numbers of tooth surfaces with molar demineralized lesions
in molars found through visual inspection, QLF-D, and radiographs.
DOI: 10.4236/health.2018.108083
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Table 2. Results of examination by visual inspection, QLF-D, and X-ray.
Results of Examination

Tooth Planes

Visual Inspection (−), QLF-D (−), X-ray (−)

13

Visual Inspection (+), QLF-D (+), X-ray (+)

0

Visual Inspection (+), QLF-D (−), X-ray (−)

10

Visual Inspection (−), QLF-D (+), X-ray (−)

10

Visual Inspection (−), QLF-D (-), X-ray (+)

4

Visual Inspection (−), QLF-D (+), X-ray (+)

9

Visual Inspection (+), QLF-D (−), X-ray (+)

1

Visual Inspection (+), QLF-D (+), X-ray (−)

1

QLF-D detected nine out of 14 tooth planes that had demineralized lesions in
which the lesion was found by radiography. On the other hand, no tooth surface
with a demineralized lesion was found through visual inspection out of the 14
tooth planes. Of the tooth planes in which lesions were found through visual inspection, 7.1% were diagnosed as being sound by QLF-D. In the same way, 7.1%
of the tooth planes in which demineralized lesions were found in radiography
were found to have demineralized lesions through visual inspection, which
meant that 92.9% of the approximal tooth planes with demineralized lesions
were missed in the visual inspection.
Demineralized lesions were found in 25 tooth planes through radiography or
QLF-D. QLF-D detected demineralized lesions in 10 of the 25 tooth planes,
whereas radiography found four tooth planes with demineralized lesions. Both
QLF-D and radiography detected the lesions in nine out of the 25 tooth planes.

3.3. Comparison of Plaque Adhesion
Figure 2(a) (method comparison graph) and Figure 2(b) (Bland-Altman plot)
show comparisons of plaque adhesion between the traditional staining method
and QLF-D. The Pearson’s correlation coefficient between the two methods was
0.77 (P < 0.001) (Figure 2(a)). In Figure 2(b), the 95% confidence interval (95%
CI) was −0.023 ± 0.082. The t-value between values of the abscissa and ordinate
axes in the Bland-Altman plot was −2.31.

4. Discussion
4.1. QLF-D
When a tooth is illuminated with blue light (wavelength of 405 nm), the tooth
emits fluorescence especially at the enamel-dentin junction. This fluorescence
loses energy, increases in wavelength, and travels through enamel. QLF-D consists of a single-lens reflex camera equipped with a blue and white light-emitting
diode (LED) and personal computer in which software for analysis is installed
(Figure 3). The single-lens reflex camera takes pictures of the tooth under light
emitted from a blue LED. From the photograph, the computer software was used
DOI: 10.4236/health.2018.108083
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(a)

(b)

Figure 2. (a) Scatter diagram of the results by QLF-D and the usual staining method. Ratios of the height of the stained area (B or B’ in Figure 3) to tooth crown (A or A’ in Figure 3). The values obtained by the usual staining method were assigned to the x-axis, and
those by the QLF-D were assigned to the y-axis. The linear equation was y = 0.9348x +
0.0264. The Pearson’s coefficient of correlation was 0.77 (p < 0.001). (b) Evaluation by
Bland-Altman plot. The mean value of results obtained by the two kinds of plaque detection methods was assigned to the x-axis, and the differences in the results were assigned
to the y-axis.

Figure 3. QLF-D. QLF-D consists of a single-lens reflex camera that has blue and white
LED lights and a laptop to analyze the obtained data.
DOI: 10.4236/health.2018.108083

1100

Health

K. Watanabe et al.

to measure the volume of fluorescence emitted by the enamel in response to the
blue light from the LED. The volume of fluorescence emitted from sound enamel is defined as F1. The fluorescent light that travels through a demineralized
lesion is reduced by diffuse reflection, which is defined as F2 (Figure 4). The
software calculates the difference between F1 and F2 (∆F = F2 − F1) and the dimension where the reduced fluorescence was observed (S), and then determines
mineral loss by multiplying ∆F by S (∆Q) [14] [15]. Since ∆F is a negative value,
∆Q is also negative. In this study, ∆F was used to determine the presence or absence of a demineralized lesion because three-dimensional diagnosis was not
possible either by visual inspection or radiography.

4.2. Examination of Early Demineralized Lesions in Incisors and
Canines
As shown in Table 1, one or more tooth planes with early demineralized lesions
were found by QLF-D in seven child patients. On the other hand, two of the
three dentists who had professional backgrounds of >3 years found only one
tooth plane with an early demineralized lesion in one child patient. Even in the
child patients, visual inspection found only 0.67 tooth planes with early demineralized lesions on average, whereas QLF-D detected four tooth planes with early
demineralized lesion. These results suggested that visual inspection missed early
demineralized lesions in incisors and canines even if it was performed by dentists with professional backgrounds of >3 years. Moreover, visual inspection was
performed by using a dental chair and the type of light commonly used in daily
clinical practice, so the results suggested that early demineralized lesions can be

Figure 4. Mechanism of QLF-D. The enamel-dentin junction emits fluorescence when
the tooth is illuminated with blue light. When enamel is sound, the amount of fluorescence is determined as F1. If there is a demineralized lesion in the enamel, the amount of
reflected fluorescence, F2, is less than F1 because of diffuse reflection. ∆F, which is determined as the difference between F1 and F2, was adopted as a parameter of enamel
mineral amount in this study.
DOI: 10.4236/health.2018.108083
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missed in regular school checkups, which are performed at schools with insufficient light sources and without dental chairs. Gimenez et al. [16] searched previous studies and reported that visual inspection appeared to be effective in caries detection. Additionally, in Scotland, dentists who perform dental checkups
for children participate in the National Dental Inspection Programme, and they
diagnose caries with only a small error rate attributed to accident [17]. However,
the lesions in a report by Gimenez et al. were caries lesions beyond the early
stage. The training content of the National Dental Inspection Programme was
also intended for carious legions with a cavity and is based on diagnosis of a decayed, missing, and filled tooth. So, the subjects of this study were in a far earlier
stage of demineralization than that in the previous studies.

4.3. Inspection of Approximal Carious Lesions
Radiography is widely used in determining the prognosis of dental caries. Thus,
it was required that QLF-D had at least the same caries sensing capability as that
of radiography in this study. So, the accuracies of visual inspection and QLF-D
were evaluated in tooth planes in which demineralized lesions were found by radiography. Visual inspection detected the demineralized lesions in 7.1% out of
the tooth planes, whereas QLF-D detected the lesions in 64.3% of them. The results suggested that the combined application of QLF-D and visual inspection
was more effective in approximal caries detection in molars. Ko HY et al. [9] reported in their in vitro study that QLF-D had detectability of approximal caries
coequal to that of bite-wing projection or visual inspection. However, in this in
vivo study, detectability of visual inspection was less than that of radiography or
QLF-D, which suggested that detection of approximal caries is more difficult in
real oral cavities than in an artificial environment. In this study, QLF-D detected
demineralized lesions in 64.3% of the approximal tooth planes out of those in
which the lesions were found through radiography. In other words, QLF-D did
not detect demineralized lesions in 35.7% of the approximal tooth planes out of
those in which the lesions were found through radiography. A technical cause
could affect the false-negative result in approximal caries detection by QLF-D.
The quantity of fluorescence was determined on the basis of images taken by a
single-lens reflex camera in the QLF-D system. The image was usually focused
on the center of the frame. Image sharpness was the highest at the center of the
image and decreased with increasing distance from the center. There was a possibility that detection would because of reduced fluorescence due to the decrease
in image sharpness if the dimensions of the lesions were small. Such a technical
cause could be eliminated by taking images focused on different points. In the
present study, QLF-D detected approximately nine times as many approximal
lesions as that detected by visual inspection; hence the results suggested that
QLF-D was an effective means of caries detection in oral checkups.
Since it was reported that there was a high correlation between QLF-D and
pathological examination of enamel in caries detection [18] [19], the numbers of
tooth planes that were diagnosed as having carious lesions by QLF-D or/and raDOI: 10.4236/health.2018.108083
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diography were counted. Carious lesions were found only by QLF-D in 40.0% of
the candidate tooth planes. Carious lesions were found only by radiography in
16.0% out of the candidate tooth planes. These findings indicated that there were
approximal carious lesions in the early stage that were not detected by radiography, but were found by QLF-D.
In Japan, dentists visit schools and perform oral checkups regularly; they have
to make a diagnosis in approximately 30 seconds per student with a poor light
source, otherwise they cannot accomplish their assignment within the schedule.
If dentists introduce QLF-D for use in oral checkups at schools, they can bring
the images home, analyze them objectively without a tight time limit, and give
notice later as done for hematological examination. QLF-D detects carious lesions in the very early stage, at which point they should be controlled instead of
being drilled and filled. Jallad et al. (2015) [18] reported that carious lesions on
occlusal surfaces could be found by visual inspection if the ∆F value was <−7%,
which suggested that if the ∆F value of the lesion is >−7%, the lesion cannot be
detected through traditional visual inspection in a school oral checkup, which
resulted in missing an opportunity for receiving habit guidance and remineralization therapy from a dentist. Detection of such lesions with ∆F values > −7%
will be one of the merits of introducing QLF-D into oral checkups at schools
from the viewpoint of controlling demineralized lesions at the very early stage.

4.4. Comparison of Plaque Adhesion
Although QLF-D was originally developed for evaluation of demineralized lesions in the early stages, it is also known that porphyrin in plaque also reflects
fluorescence when it is illuminated with blue light by QLF-D [20] [21]. In the
present study, the ratio of the height in the tooth-axis direction of the plaque
detected area to the crown dimension was adopted as the parameter of plaque
adhesion. The parameter was based on the Oral Health Index [11], which is used
to assess plaque distribution in daily clinical practice. Moreover, it was considered that accidental error due to shooting angle between the intraoral photograph and image of QLF-D was corrected by calculating the “ratio” of the height
in the tooth-axis direction of the plaque-detected area to the crown dimension.
In Figure 2(a), the Pearson’s correlation coefficient between the two methods
was 0.77 which included moderately strong correlation. However, “strong correlation” does not necessarily mean “statistically the same.” There could still be
“systemic error” between the two methods. In this study, a Bland-Altman plot
was generated to make sure that there was no systemic error between the two
methods. In Figure 2(b), the abscissa of the Bland-Altman graph is the mean
measured value of the staining method and QLF-D in each tooth, and the ordinate of the Bland-Altman graph is the difference in the measured values between
the staining method and QLF-D for each tooth. In the graph, the 95% CI included zero; hence, no fixed bias was found between the staining method and
QLF-D. Moreover, the t-value for the differences between values of the abscissa
and ordinate axes in the Bland-Altman graph was −2.31. The absolute value of
DOI: 10.4236/health.2018.108083
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the t-value was >2; hence, the result indicated that there was no proportional bias between staining method and QLF-D. These findings indicated that there was
no systemic bias in plaque detection between the staining method and QLF-D.
The results of the Pearson’s correlation coefficient analysis and Bland-Altman
plot suggested that there was no statistical difference in plaque detection between the staining method and QLF-D.

4.5. Advantages and Disadvantages of Introducing QLF-D into
School Oral Checkups
In Japan, dentists have to see approximately two students per minute with poor
light sources to complete their duties in time when they provide oral checkups at
schools. The oral checkup is usually performed only by visual inspection. As a
result, it has been said that the accuracy of school oral checkups is insufficient.
In this study, demineralized lesions and plaque adhesion were evaluated by
QLF-D in available surroundings in school dental checkups, and the findings indicated that QLF-D was effective in such surroundings. If QLF-D is introduced
for use in school oral checkups, the dentists can obtain a sufficient light source
by using the flash of the single-lens reflex camera and will only have to take
photographs at school. They can then take the images back to their offices and
make a diagnosis objectively without a time constraint. QLF-D can detect demineralized lesions at the very early stage, so dentists can provide proper advice to
school children through oral checkups before the lesions deteriorate further.
One slight disadvantage of QLF-D is that dentists have to have sufficient skill
to take proper images, but the photographic process is mostly automated.

5. Conclusions
1) Detection of demineralized lesions at the very early stage through visual
inspection was very difficult.
2) Detection of demineralized lesions in the approximal plane through visual
inspection was also difficult.
3) QLF-D was a very effective means of detecting both an early demineralized
lesion and a demineralized lesion in the approximal tooth plane.
4) QLF-D detected an early demineralized lesion that was not found by visual
inspection or radiography. Detection by QLF-D of an early demineralized lesion
could be useful for encouraging children to receive daily habits and oral hygiene
instruction.
5) QLF-D showed good accuracy for plaque detection that was statistically
equal to that of a traditional staining method.
6) QLF-D was found to be an effective means of detecting plaque and demineralized lesions in school oral checkups.
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