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Abstract
Purpose: The purposes of this in vitro study were to: (1) compare the accuracy of a laser
fluorescence system (DIAGNOdent) in proximal caries diagnosis in primary teeth with
that of bitewing radiography, using the histological examination as a gold standard; and
(2) evaluate the reliability of the DIAGNOdent examination.
Methods: Included were 107 extracted primary molars without obvious cavities on proxi-
mal surfaces. The teeth were examined by 2 examiners using DIAGNOdent directly on
the lesions (without contact; ie, proximal surfaces were not in contact with other teeth)
and indirectly (with contact; ie, proximal surfaces were in contact with adjacent teeth).
To simulate contacting teeth, the studied surface was set adjacent to a sound surface in a
wax base. The contacting teeth were also diagnosed using bitewing radiography. Results
of the diagnoses were compared with a histological gold standard. Sensitivity and speci-
ficity were calculated for each diagnostic system. Inter- and intraexaminer reliabilities of
DIAGNOdent were calculated using intraclass correlation (ICC).
Results: At the dentine caries (D,) level, the sensitivities of bitewing radiography (with
contacting teeth) and DIAGNOdent with and without contacting teeth (direct applica-
tion) were 0.41, 0.85 and 0.93, respectively, and the specificities were 1, 0.89, and 0.87,
respectively. Both inter- and intraexaminer reliabilities using DIAGNOdent with and
without contacting teeth (direct application) were very high (1ICC=0.97 to 0.99).
Conclusions: The reliability of DIAGNOdent is very high and its diagnostic validity (sum
of sensitivity and specificity) is higher than that of bitewing radiography for proximal
caries detection in primary teeth. (Pediatr Dent 2005;27:493-499)
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importance because of the rapid rate of caries pro-

gression and the difficulty in determining the pres-
ence or absence of a lesion. This is due to the peculiar
morphologic characteristics of the primary tooth, which
include less enamel and dentine thickness,* smaller degrees
of mineralization,? and wider lumen of the dentinal tubule,
compared to the permanent tooth.® Difficulty in caries
detection and rapid caries progression can also be due to
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the wide proximal contact area of a primary molar* allow-
ing greater accumulation of cariogenic microorganisms,
which are responsible for initiation and progression of the
disease.

Existing diagnostic techniques for proximal caries detec-
tion include visual examination, bitewing radiography, and
fiber-optic transillumination. Although these methods of-
fer relatively good diagnostic performances, they provide
varying sensitivities for detecting proximal carious lesions
(sensitivities ranging from 0.08 to 0.90).5'° Moreover, bitew-
ing radiography, which is the most common method used
to diagnose proximal caries, also exposes the patient to a rela-
tively high dose of ionizing radiation.” Alternative methods
to detect proximal caries are expected to overcome the dis-
advantages of these conventional methods.

The laser fluorescence method, DIAGNOdent (KaVo,
Biberach, Germany), has been available for the detection
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of caries since 1998. It works by generating laser light with
a wavelength of 655 nm.* The laser light is absorbed by
both organic and inorganic materials in the tooth and re-
emitted as fluorescence within the infrared region, which
can be analyzed and quantified. The system provides quan-
titative measures of caries lesions on a scale from 0 to 99.
The caries process alters the amount of fluorescence, which
is measured as an elevated reading where the higher the
number, the deeper the lesion.#14

DIAGNOdent’s accuracy has been studied both in vitro
and in vivo for occlusal caries in primary and permanent
teeth.121518 Recent studies indicate that DIAGNOdent
could be applied for use on smooth surface caries and proxi-
mal caries of permanent teeth.'*141%-22 The results of these
studies show that DIAGNOdent is accurate and reproduc-
ible in caries detection. There has yet to be a published
study, however, in which DIAGNOdent is used for detec-
tion of proximal caries in primary teeth. Therefore, the aims
of this study were to:

1. compare, invitro, DIAGNOdent’s accuracy at detect-
ing proximal caries in primary teeth to bitewing
radiography’s accuracy using the histological exami-
nation as a gold standard,;

2. evaluate, in vitro, DIAGNOdent’s reliability.

Methods

Prior to the experiment, 2 examiners standardized the di-
agnosis of proximal caries on 10 extracted primary molars
using bitewing radiography, DIAGNOdent, and the his-
tological examination with dentists who were experienced
in each technique. The results show high agreement in both
the bitewing radiograph and the histological examination
(k=0.85 and 0.86, respectively). DIAGNOdent, mean-
while, had very high intra- and interexaminer reliabilities
(intraclass correlation coefficient [ICC]=0.97 and 0.98,
respectively).

Tooth selection

Selected were 107 extracted first and second primary mo-
lars without obvious cavities (intact or cavity<l mm in
diameter) on the studied proximal surfaces. The teeth had
been extracted because of either excessive mobility caused
by normal exfoliation or due to caries-exposed pulp on the
nonstudied surfaces. They were stored in 0.9% normal
saline solution no longer than 1 week before collection. All
soft tissue and extrinsic deposits of the collected teeth were
removed using a hand scaler and were polished using a
rotating rubber cup and pumice. The teeth were then stored
again in 0.9% normal saline solution.

Visual inspection of 107 proximal surfaces revealed that
36 teeth were sound (intact, hard, normal, or discolored
surface), 30 had initial caries (intact, rough white, or dis-
colored surface), 20 had enamel caries (loss of enamel or
cavity limited to enamel), and 21 had dentine caries (cav-
ity extended to the dentine or dark translucent lesion)
(Table 1). The teeth were numbered, and the occlusal and
studied proximal surfaces were photographed. These pho-
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tographs were used to record the area that had the highest
DIAGNOdent value.

DIAGNOdent examination without
contacting teeth (direct application)

The teeth were retrieved from the normal saline solution
and dried with compressed air for about 3 seconds. Before
measurement of each individual tooth, the machine was
standardized on a sound area of the tooth, usually on the
tooth’s buccal surface, following the manufacturers’ guide-
lines (KaVo DIAGNOdent 2095). Then, DIAGNOdent
was applied directly to the lesion on the tooth’s proximal
surface using probe A. The highest reading was recorded
and the spot of highest reading was marked on the tooth’s
photograph. Two examiners examined the teeth indepen-
dently without input from each other to test interexaminer
reliability. The same procedures were repeated 1 week later
by 1 examiner to test intraexaminer reliability.

DIAGNODENT examination
with contacting teeth

Two teeth were mounted in a wax base with the proximal
surfaces contacting each other. The DIAGNOdent with
probe A was placed at the marginal ridge of the occlusal
surface and at the buccal and the lingual embrasures of the
contacting proximal surfaces by each of 2 examiners. The
highest value from these positions was recorded. To deter-
mine intraexaminer reliability, 1 examiner repeated the
procedure 1 week later.

Bitewing radiography

Bitewing radiographs were taken under standardized con-
ditions. Kodak ultraspeed film (Eastman Kodak, Rochester,
NY) was used with a bitewing holder. The Gendex GX-
1000 dental x-ray machine (General Electric Company,
Milwaukee, Wis) operated at 60 kV, 10 mA, and a 0.26-
second exposure time was used with the beam aimed
perpendicular to the tooth. The focus-to-film distance was
10 inches. The exposed films were processed automatically
for 4.5 minutes at 25°C in a Dent-X processing machine
(Dent-X, Elmsford, NY). Radiographic interpretations
were made using a standard viewbox and Viewscope (Flow
X-ray, West Hempstead, NY) at x2 magnification. The
bitewing radiography was repeated when the radiograph
had a defect such as overlapping. Criteria for radiographic
interpretations were set according to Pitts (Table 2).2

Histological examination

A line was drawn on the occlusal surface in the mesiodistal
plane perpendicular to the marginal ridge through the spot
on the proximal surface where the highest DIAGNOdent
value from the direct application was read. The tooth was
mounted in a clear resin using a silicone box leaving the
occlusal surface uncovered. The tooth specimen was
hemisectioned, perpendicular to the occlusal surface im-
mediately adjacent to the line, with an Exakt cutting machine
(EXAKT Apparatebau, Norderstedt, Germany). Then, the
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extension of caries was determined under a stereomicroscope
at x25 magnification. The caries level was scored according
to the criteria given by Russel and Pitts (Table 2).’

Statistical analysis

The intraclass correlation coefficient (ICC) was computed
to assess intra- and interexaminer reliabilities of
DIAGNOdent. Spearman’s rank correlation was used to
evaluate the correlation between DIAGNOdent, bitewing
radiography, and the histological examination, whereas the
correlation between DIAGNOdent values with and with-
out contacting teeth was computed using Pearson’s
correlation. To assess the validity of the bitewing radiog-
raphy and DIAGNOdent examination, the sensitivity and
specificity were calculated at the initial (D, ), enamel (D,),
and dentine (D,) caries levels using the histological exami-
nation as a gold standard. At each caries level, the disease
negative (sound) and disease positive (caries) were defined,
respectively, as follows:
1. initial caries level (sound vs
initial caries and higher or
D,vs D,,D,D,);

The receiver operating characteristic (ROC) curve was
conducted to determine the optimal cutoff point which
gives the best balance between sensitivity and specificity at
each caries level.

The ethics committee of the Faculty of Dentistry, Prince
of Songkla University, Songhkla, Thailand gave approval
for this study.

Results

The teeth used in this study comprised 22 primary maxil-
lary first molars (20%), 36 primary maxillary second molars
(34%), 15 primary mandibular first molars (14%), and 34
primary mandibular second molar (32%). Table 1 illus-
trates that the bitewing radiography and histological
examination resulted in differing distributions of caries oc-
currences in 3 of the 4 caries levels.

The intra- and interexamination reliabilities of
DIAGNOdent in this study were very high. The intraexaminer

Table 1. The Distribution of Each Caries Level Using Direct Visual Examination,

Bitewing Radiography, and Histological Examination

2. enamel caries level (less | Level of carious lesion No. of sample (%)
than enamel caries vs Visual Bitewing radiography Histological examination
enamel caries and higher or [ o (sound) 36 (34%) 46 (44%) 18 (17%)
D,.D, vs D,.D,); 1 (initial) 30 (28%) 21 (19%) 18 (17%)
S ghie el (05 s 90 srusm 76
tine caries or D,,D_,D, vs 3 (dentine) 21 (19%) 17 (16%) 54 (50%)
D). Total 107 (100%) 107 (100%) 107 (100%)

Table 2. Scores, Associated Caries Levels, and Criteria for Diagnosis of Proximal

Caries for Bitewing Radiography and Histological Examination

Methods Score Caries level* Criteria
Bitewing
radiography
(Pitts, 1984) RO D, No radiolucency
Zone of increased radiolucency confined
R1 D, to the outer half of the enamel
Zone of increased radiolucency involving both inner and outer
halves of the enamel layer, including lesion extending up to but
R2 D, not beyond the dentino-enamel junction
Zone of increased radiolucency penetrating
the enamel and dentino-enamel junction and
R3 D, progressing into the dentine
Histological
examination
(Russel and
Pitts, 1993) HO D, No caries apparent
H1 D, Carious lesions in outer half of enamel only
Carious lesions into the inner half of the enamel
but not into dentine (up to and including
H2 D, the dentino-enamel junction)
H3 D Carious lesions through enamel and dentine

*D,=sound; D, =initial caries; D,=enamel caries; D,=dentine caries.
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Figure 1. Box plot describing the relationship between the
DIAGNOdent values and the histological examination of teeth
without contact, compared to those with contact.

reliabilities measured by ICC were 0.99 for DIAGNOdent
without contacting teeth and 0.97 with contacting teeth.
The interexaminer reliabilities for DIAGNOdent without
and with contacting teeth were 0.97 and 0.98 to 0.99, re-
spectively.

DIAGNOdent values without contacting teeth were
positively correlated with those with contacting teeth
(r=0.682; P<.01). At all caries levels determined by the
histological examination, the means of the DIAGNOdent
values of teeth without contact were higher than those with
contact (Figure 1). Spearman’s rank correlation coefficient
between the histological examination and DIAGNOdent
values was higher than when the teeth were not in contact
with adjacent teeth when they contacted teeth (Table 3).

Table 3. Spearman’s Rank Correlations Among the Diagnostic Tests

The highest correlation coefficient between the histologi-
cal examination and DIAGNOdent was found when the
teeth were not in contact (r=0.849; P< .01).

ROC curves of DIAGNOdent without and with con-
tacting teeth at the D, level are shown as examples in
Figures 2 and 3. The cutoff values for proximal caries de-
tection at the D, level were 4 and 16 for DIAGNOdent
with and without contacting teeth, respectively. Table 4
presents the optimal cutoff values of DIAGNOdent with
and without contacting teeth, with sensitivities and speci-
ficities for the 3 caries levels (D,, D,, and D,). The results
suggest that, at every caries level, bitewing radiography had
the lowest sensitivity but the highest specificity.
DIAGNOdent, however, resulted in higher validities (sum
of sensitivity and specificity) than bitewing radiography at
all caries levels.

Discussion

This study used the histological examination under stereomi-
croscope as a gold standard. This method was recommended
as an appropriate gold standard, since it is precise and re-
producible.?* In the present study, the intra- and
interexaminer reliabilities of DIAGNOdent were evaluated
using intraclass correlation. The very high intraclass corre-
lation coefficients confirmed the high reproducibility of
DIAGNOdent on occlusal and smooth surface caries, as re-
ported in previous studies.!31525-28

The correlation between the DIAGNOdent values of the
proximal surface without contacting teeth and those with
contacting teeth were relatively high (r=0.682). It indicated
that DIAGNOdent could be used for detection of proximal
caries where there is a contacting tooth. This study showed
that there were high correlation coefficients between the
DIAGNOdent values (both with and without contacting
teeth) and the histological examination (r=0.849 and 0.768,
respectively). These results were similar to the studies by
Costa et al (r=0.81)* and
Bamzahim et al (r=0.93),% in
which occlusal caries in perma-

Spearman’s rank

Methods correlation coefficient (r)

nent teeth were examined.

P value The sensitivity at the D, level

Histological examination
vs DIAGNOdent without
contacting teeth 0.849

of bitewing radiography in this
study (0.41) was lower than the
<.01 sensitivities presented in previ-

Histological examination
vs DIAGNOdent

ous studies (0.59 to 0.73).5% In
addition, this study found that

with contacting teeth 0.768 <01 sensitivities at the D, and D, lev-
Histological examination els were higher than at the D,
vs bitewing radiography 0.793 <01 level. These results could be due

DIAGNOdent without
contacting teeth vs
bitewing radiography 0.732

to the fact that this study in-
<01 cluded only noncavitated teeth

DIAGNOdent with
contacting teeth vs
bitewing radiography 0.711

or teeth with no obvious cavity.
The bitewing radiography had a
<01 high sensitivity for detecting

cavitated surfaces but a low ca-
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Figure 2. Receiver operating characteristic curve of DIAGNOdent
without contacting teeth (direct application) at the D, level.

pacity to distinguish the sound surface from noncavitated
lesions.®3

DIAGNOdent’s cutoff values for detecting proximal
caries on surfaces without contacting teeth were similar to
those for detecting occlusal caries in primary teeth.*”*? The
optimal cutoff values of DIAGNOdent for detecting proxi-
mal caries on surfaces with contacting teeth were slightly
lower than for those without contacting teeth (Table 4).
In addition, cutoff values of DIAGNOdent for detecting
proximal caries on surfaces with contacting teeth at the D,
and D, level were the same, indicating that DIAGNOdent
cannot distinguish the initial caries from enamel caries.

These results are supported by Lussi and Francescut,
who studied the use of DIAGNOdent on occlusal caries
in primary teeth and found that DIAGNOdent can dis-
tinguish dentinal caries from enamel caries much better
than initial caries from enamel caries. Therefore, in con-
tacting proximal surfaces of the primary teeth,
DIAGNOdent can only distinguish dentine caries from
initial or enamel caries. If the DIAGNOdent gives a value
of 2 to 3, indicating initial or enamel caries, preventive mea-
sures and periodic recall would be suggested. These cutoff
values, however, should be confirmed in clinical studies.

At all caries levels, the detection of proximal caries on
primary teeth using DIAGNOdent generally showed lower
sensitivity but higher specificity when the tooth had con-
tact than when it did not have
contact with adjacent teeth. This
result can be explained by the
fact that, even though most ex-
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Figure 3. Receiver operating characteristic curve of DIAGNOdent
with contacting teeth at the D, level.

the stain, therefore increasing the specificity. Concurrently,
the contacting teeth also prevented the true positive read-
ings from the carious lesions, leading to the reduction of
the sensitivity. Furthermore, the high sensitivity of the
DIAGNOdent, when detecting proximal caries of a sur-
face without a contacting tooth, may be due to the use of
the spot where the highest DIAGNOdent value was read
to determine the line of cutting the tooth for histological
examination. This increases the possibility of detecting true
positive results.

In this study, it was found that proximal caries detec-
tion, when having contacting teeth using DIAGNOdent
in every level of caries, had sensitivities ranging from 0.75
to 0.89. These values are slightly higher than those obtained
from bitewing radiography, which had sensitivities rang-
ing from 0.41 to 0.69. DIAGNOdent, however, had higher
false-positive readings than bitewing radiography, which
had perfect specificity or absolutely no false-positive read-
ings. Despite its lower specificities (0.86 to 0.94), the
DIAGNOdent examination has a higher sum of sensitiv-
ity and specificity compared to bitewing radiography. This
can be interpreted to mean that DIAGNOdent is more
accurate than bitewing radiography at detecting proximal
caries of primary teeth.

In summary, DIAGNOdent is a simple tool that is well
accepted by children and does not require high coopera-

Table 4. Cutoff Values for DIAGNOdent, Sensitivities, Specificities,

and Sum of Sensitivities and Specificities for DIAGNOdent
and BWR at Different Caries Levels (D,, D,, D,)

trinsic stains were removed prior - - —

t thC tud € remo Sp . DIAGNOdent without  DIAGNOdent with Bitewing

O_ € stuady, S_Ome e_X ”_ns'_c contacting teeth contacting teeth radiography
stains at the lesion or intrinsic D D D D D D D D
stains remained. Stain was found 1 s s 2 2 s 2 s
in 38 out of 107 teeth (36%). | Cutoffvalue 3 16 2. 2 4 -
This stain might produce a fluo- | Sensitivity 0.89 0.98 0.93 0.75 0.89 0.85 0.69 0.55 041
rescent signal that increases the | Specificity 0.88 0.91 0.87 0.94 0.86 0.89 1 1 1
DIAGNOdent value,®*3* and | sum of sensitivity

the contacting teeth could pre- and specificity ~ 1.77 1.80 169 175 1.74 169 155 141
vent false-positive readings from
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tion from a child because the reading can be processed
within a few seconds. In addition, it does not produce haz-
ardous results and, therefore, it can be reapplied without
harm to the child. To yield the highest accuracy,
DIAGNOdent should be used as an adjunct to other di-
agnostic methods. For example, DIAGNOdent can be used
to detect proximal caries following visual examination when
the carious lesion could not be detected visually. This is
because it is highly sensitive.

When caries is indicated by DIAGNOdent, further di-
agnosis using bitewing radiography can be done to confirm
the result. This is due to various clinical conditions, such
as stains, plaque, and calculus, which can give false-posi-
tive DIAGNOdent readings, leading to an unnecessary
invasive treatment of the tooth. Because of bitewing
radiography’s very high specificity, if no caries is indicated,
then the tooth should not be treated and should be followed
up periodically. If bitewing radiography is not possible, the
tooth should be followed up by DIAGNOdent because of its
high reliability. If the DIAGNOdent value increases, preven-
tive or operative treatment should be considered. Recently,
one study found that DIAGNOdent is useful for monitoring
the progression and arrest of the occlusal caries in both pri-
mary and permanent teeth.* To use DIAGNOdent for
monitoring proximal caries, however, requires more study.

Conclusions
Based on this study’s results, the following conclusions
regarding detection of proximal caries in primary teeth can
be made:
1. DIAGNOdent has very high intra- and interexaminer
reliabilities.
2. DIAGNOdent has higher diagnostic validity than
bitewing radiography.
3. AtD, and D, levels, the cutoff points of DIAGNOdent
values of contacting teeth are the same.
4. Itisimpossible to distinguish initial caries from enamel
caries.

This study was conducted in vitro. Further clinical study
is recommended to confirm the use of DIAGNOdent in
proximal caries diagnosis in primary teeth. At present,
DIAGNOdent should only be used as an adjunct to other
conventional caries diagnostic methods and practitioners
should be aware of the procedure’s additional cost.
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