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Abstract
Purpose: This laboratory study compared visual-tactile examination with conventional
radiographs, digital radiographs, and laser fluorescence in the detection of occlusal oc-
cult caries on extracted premolar teeth.
Methods: Extracted premolars without obvious caries or restorations were collected from
school dental clinics. Occlusal surfaces of 320 extracted premolars were examined visually
with an explorer, then examined using the KaVo Diagnodent unit and scored using specific
criteria. The teeth were exposed using conventional and digital radiography, respectively. The
radiographs were assessed for dentin radiolucencies beneath the occlusal surface.
Results: Of the 320 teeth used in this study, 302 were scored as sound by visual-tactile
examination. Of these, 57 (19%) demonstrated dentin radiolucency on conventional
bite-wings, and 245 (81%) were scored as radiographically sound. Thus, the sensitivity
and specificity values of the visual-tactile examination compared with conventional ra-
diography were 81% and 44%, respectively. In contrast, Diagnodent produced results
of 82% sensitivity and 36% specificity when compared with conventional radiography.
When compared to digital radiography, the sensitivity and specificity values of the vi-
sual-tactile examination were 90% and 44%, respectively. In contrast, when compared
to digital radiography, Diagnodent showed a very low specificity of only 32%, although
sensitivity was still high at 91%. Differences in specificity among the techniques were
statistically significant (P<.03), whereas differences in sensitivity were not (P>.01).
Conclusions: Although the diagnosis of occult dentinal caries may be further enhanced by
the Diagnodent, a combination of visual-tactile examination and either conventional or
digital radiography should identify over 80% of lesions. (Pediatr Dent. 2003;25:341-349)
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The majority of clinicians use visual examination to-
gether with the dental explorer to decide if an oc-
clusal surface is in need of restoration or if preven-

tive management is required. However, accurate diagnosis
of the occlusal surface is difficult due to the anatomical na-
ture of the fissures and the likelihood of caries being

initiated on the fissure walls and base,1,2 which make it dif-
ficult to detect with probing alone. For these reasons,
occlusal caries may be missed clinically, yet the lesion may
be diagnosed by radiographic means. The term “occult car-
ies”3 or “hidden caries”4 is used to describe such lesions that
are not clinically diagnosed using accepted visual-tactile
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criteria such as cavitation, softening, opacity, and color
change, but which are detected only on radiographs as ra-
diolucent lesions in dentin. The prevalence of occult caries
has been reported to range from around 3% to more than
50% in clinical studies.5-11 The high prevalence of occult
lesions suggests that traditional clinical methods using the
mirror and explorer may be of questionable accuracy in the
diagnosis of occlusal lesions. As these lesions have extended
into dentin, restorations are usually recommended—al-
though in cases where a lesion is limited, sealing of the
cavity with an occlusal sealant may be considered if the
progress can be monitored.

Studies using histological validation show that only a
small proportion of occlusal carious lesions can be discov-
ered by visual inspection and probing.12,13 Although it is
known that conventional radiography is not sensitive in
detecting early carious lesions which are limited to only
enamel,14-16 conventional radiography in conjunction with
visual-tactile examination has been shown to significantly
improve the accuracy of occlusal caries diagnosis17 and is
commonly employed in clinical practice.

With the introduction of digital radiography in the
1990s, more clinicians are replacing conventional radiog-
raphy with digital, yet minimal data is available on diagnostic
differences between conventional radiography and digital
techniques in the diagnosis of occlusal caries.15,18-23

A few other methods have been introduced to aid car-
ies diagnosis on occlusal surfaces. Electrical resistance
measurement devices have been reported to have relatively
high sensitivity and specificity, but the results were less
accurate with larger lesions.12,14,17 More recently, laser fluo-
rescence was introduced as another technique for caries
diagnosis with the putative advantage of being able to quan-
tify early mineral loss from dental caries.24,25 Although early
reports using the KaVo Diagnodent suggest that the diag-
nostic performance of this new method is more accurate
and reproducible compared with conventional radiography
and clinical inspection,26,27 further studies are required.

The aim of the present study was to determine the rela-
tive sensitivities and specificities of visual-tactile
examination compared with laser fluorescence
(Diagnodent), conventional radiography, and digital radi-
ography in the diagnosis of occult occlusal lesions in
extracted premolar teeth.

Methods

Selection of premolars

A total of 320 pooled extracted premolars were donated
by the patients from school dental clinics, and the study
was exempt from IRB. The teeth were extracted for pre-
dominately orthodontic reasons, and the ages of the donors
were approximately 12 to 15 years. The teeth had been
screened with respect to the presence of gross carious lesions,
restorations, or enamel hypoplasia/hypomineralization de-

fects so that only those with macroscopically intact surfaces
were included in the study. The selected teeth had been
soaked in formalin immediately after extraction, rinsed in
tap water, and stored dry. The occlusal surfaces of the teeth
were cleaned with a rotating bristle brush with pumice, rinsed
in tap water, and dried with an air syringe. All clinical, ra-
diographic, and Diagnodent scores were taken by a single
examiner (MC).

Visual-tactile assessment

The teeth were first examined by visual inspection under
standard dental lighting. The teeth were dried using an air
syringe, and the color of enamel surrounding the fissures
was noted with regard to whether demineralization (opac-
ity) was present. The occlusal fissures were explored using
a new sickle explorer. A fissure was defined as “sticky” if
resistance was felt by the explorer tip on gentle probing.
The results of visual-tactile examination of the occlusal
surface were assigned the following scores:

1. C0=fissures not sticky and no demineralization (opac-
ity);

2. C1=sticky fissures and no demineralization;
3. C2=demineralization (opacity) and no sticky fissure;
4. C3=demineralization (opacity) and sticky fissures;
5. C4=frank cavitation larger than explorer tip.

Radiographic techniques and assessment

Conventional film radiographs of the premolars were ex-
posed. The teeth were placed on standard mounts, and
periapical radiographs were exposed using a paralleling
technique on the Siemans radiography unit (70 kV 70 mA;
Siemans Aktiengesellschaft, Wittelsbacherplatz, D-8,
Munchin 2, Germany). Size 22×35 mm Super Poly-Soft
Kodak Ultraspeed film (Eastman Kodak Company, Roch-
ester, NY) was used with an exposure time of 0.32 seconds
and processed manually according to the manufacturer’s
guidelines.

The radiographs were assessed by the author using a
standard radiographic illuminated viewing box and periph-
eral light block out. The teeth were scored according to the
depth of radiolucency present in dentin according to the
following criteria:

1. R0=no intracoronal radiolucency;
2. R1=radiolucency present within crown (<1/3 dentin

width);
3. R2=radiolucency present within the crown (1/3-2/3

dentin width);
4. R3=radiolucency present within the crown (>2/3 den-

tin width).

Digital radiographic technique and assessment

The digital film radiographs were exposed using the Sirona
Heliodent DS unit (Sirona Dental Systems GmbH,
Fabrikstrasse 31, D-64625 Bensheim, Germany). Parallel-
ing technique was used with teeth placed horizontal on a
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standard mount. The film radiographs were recorded as
2×3 cm images. The scoring criteria are as follows:

1. DR0=no intracoronal radiolucency;
2. DR1=radiolucency present within crown (<1/3 den-

tin width);
3. DR2=radiolucency present within the crown (1/3-2/3

dentin width);
4. DR3=radiolucency present within the crown (>2/3

dentin width).

Diagnodent technique and assessment

Each occlusal surface was examined using the tip of the laser
device of the KaVo Diagnodent laser fluorescence device
(KaVo Dental GmbH & Co KG, Bismarchring 39, D-
88400, Biberach/Riss, Germany) and rotated around a
vertical axis until the highest reading was found. Dupli-

cate readings were taken and the mean reading was re-
corded. The scoring criteria are as follows:

1. L0=numerical value (<5) indicating no caries;
2. L1=numerical value (5-25) indicating enamel caries;
3. L2=numerical value (26-35) indicating dentin caries;
4. L3=numerical value (>35) indicating advanced den-

tin caries.
When performing assessment of one technique, the

operator was blinded to the results of the other techniques.

Reproducibility of intraexaminer scores

Reproducibility of the visual, conventional, and digital ra-
diographic scoring system by the examiner was assessed
with an unweighted kappa statistic.28 This was performed
for 9 teeth, each of which was scored 3 times on 3 separate
occasions.

P<.001 for all comparisons except for clinical and conventional radiography (P=.01).

C0 C1 C2 C3 Total
(no sticky fissures, (sticky fissures, (demineralization, (demineralisation N

no demineralization) no demineralization) no sticky fissures) sticky fissures)
N (%) N (%) N (%) N (%)

R0 (no intracoronal 221 (69) 24 (8) 11 (3) 0 256
radiolucency)

R1 (radiolucency present 48 (15) 6 (2) 6 (2) 0 59
<1/3 dentin width
within crown)

R2 (radiolucency present 3 (1) 0 2 (1) 0 5
within crown=1/3-2/3
dentin width)

R3 (radiolucency present 0 0 0 0 0
within crown >2/3 dentin
width)

DR0 (no intracoronal 246 (77) 27 (8) 10 (3) 0 283
radiolucency)

DR1 (radiolucency present 25 (8) 3 (1) 7 (2) 0 35
within crown <1/3 dentin
width)

DR2 (radiolucency present 1 (1) 0 1 (1) 0 2
within crown=1/3-2/3
dentin width)

DR3 (radiolucency present 0 0 0 0 0
within crown >2/3 dentin
width)

L0 (numerical value <5 0 0 0 0 0
indicating no caries)

L1 (numerical value=5-25 248 (76) 22 (7) 8 (3) 0 278
indicating enamel caries)

L2 (numerical value=26-35 11 (3) 5 (2) 7 (2) 0 23
indicating dentin caries)

L3 (numerical value >35 13 (4) 3 (1) 3 (1) 0 19
indicating advanced dentin
caries)

Table 1. Correlated Results of Visual-tactile Assessment (C)* Compared With
Conventional Radiography (R), Digital Radiography (D), and Diagnodent (L)
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The kappa statistic showed high scores of 0.83 for vi-
sual-tactile, 0.82 for conventional radiography, and 0.91
for digital radiography, suggesting high intraexaminer con-
sistency (P<.001). The Diagnodent technique did not
require intraexaminer variability determination because the
numeral readings provide consistent, objective scores.

Statistical analysis

The data were analyzed using the SAS for Windows version
8.2 computer program. The Spearman rank correlation was
used to compare different techniques. Mantel-Haenszel chi-
square tests were used to determine significance of sensitivity
and specificity values.

Results
A total of 320 premolars were examined. Of these, 218
(68%) were maxillary premolars and 102 teeth (32%) were
mandibular premolars.

All the premolars in the sample had no obvious caries,
occlusal malformations, or any restorations. The individual
results of the clinical assessments of the 320 teeth were
correlated against the results of conventional and digital
radiographic assessment and Diagnodent.

Visual-tactile examination and conventional radiography

Out of the 320 teeth, 302 (94%) were scored as sound (C0-
C1) using visual-tactile examination. Of these, 272 (90%)
were scored as C0 (ie, having no opacity and fissures not
sticky), and 30 (10%) were scored as C1 (ie, having sticky
fissures and without demineralization). Of the remaining
18 teeth scored as having caries, all were scored to have dem-
ineralization with no sticky fissures.

Figure 1.
*The differences in specificity among the different techniques were statistically significant (P<.03),
whereas the differences in sensitivity were not significant (P>.1).
A=clinical examination and conventional radiography.
B=clinical examination and digital radiography.
C=clinical examination and Diagnodent.
D=conventional radiography and digital radiography.
E=Diagnodent and conventional radiography.
F=Diagnodent and digital radiography.

When examined with conventional
radiographs, 256 (80%) teeth did not
exhibit a radiolucency within the tooth
crown, 59 (18%) teeth had radiolucency
less than one third the dentin width of
the crown and only 5 (2%) showed den-
tin radiolucency extending to within one
third to two thirds the dentin width.

As shown in Table 1, the results of
clinical assessment were correlated
against the results of the radiographic as-
sessment. Of the 302 teeth scored as
clinically sound (C0-C1), 57 (19%)
demonstrated dentin radiolucency on
conventional bitewings (R1-R3) and 245
(81%) scored as radiographically sound
(R0). The sensitivity of the clinical exam
with conventional radiography was thus
determined to be 0.81 (Figure 1).

Of the 18 teeth clinically scored as
having caries (C2-C4), 8 (44%) were
found to have radiolucencies within
the crown as seen on bitewing radiog-

raphy (R1-R3). Therefore, the specificity of the technique
was determined to be 0.44. (Figure 1). The Spearman rank
correlation was S

p
=0.10 (95% CI: -0.024, 0.224; P<.01;

Table 3).

Visual-tactile examination and digital radiography

As shown in Table 1, the results of the visual-tactile exami-
nation were correlated against the results of the digital
radiography. The data show that of the 302 teeth that were
scored as clinically sound (C0-C1), 273 teeth were also
scored as radiographically sound (DR0), thus giving a sen-
sitivity value of 90%. When the 18 teeth scored as having
clinical caries (C2-C3) were considered, 8 showed radiolu-
cencies and were scored as (DR1-DR3). Thus, the
specificity of the visual-tactile examination compared
against digital radiography was 44% (Figure 1).

The Spearman rank correlation was S
p
=0.166 (95% CI:

0.025, 0.308; P<.01; Table 3).

Visual-tactile examination and Diagnodent

As shown in Table 1, results with the Diagnodent indicated
that, of the 302 teeth that scored as clinically sound (C0-
C1), 270 (89%) teeth had a reading of no caries or early
enamel caries on the Diagnodent (L0-L1), yielding a sen-
sitivity of 89% (Figure 1). When the teeth with clinical
caries (C2-C3) were considered, 10 of the 18 (56%) teeth
gave Diagnodent scores of L2 to L3, showing that the speci-
ficity of Diagnodent in diagnosing the carious lesions was
only 56% (Figure 1).

Table 3 shows that the Spearman rank correlation was
S

p
=0.307 (95% CI: 0.164, 0.449;P<.001).
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L0 L1 L2 L3 Total
(numerical value (numerical value (numerical value (numerical value N

<5 indicating no 5-25 indicating 26-35 indicating >35 indicating
caries) enamel caries) dentin caries) advanced dentin
N (%) N (%) N (%) caries) N (%)

R0 (no intracoronal 0 229 (72) 14 (4) 13 (4) 256
radiolucency)

R1 (radiolucency present 0 48 (15) 6 (2) 5 (2) 59
<1/3 dentin width
within crown)

R2 (radiolucency present 0 1 (0.3) 3 (1) 1 (0.3) 5
within crown=1/3-2/3
dentin width)

R3 (radiolucency present 0 0 0 0 0
within crown >2/3 dentin
width)

DR0 (no intracoronal 0 253 (79) 14 (5) 16 (5) 283
radiolucency)

DR1 (radiolucency present 0 24 (8) 8 (2) 3 (1) 35
within crown <1/3 dentin width)

DR2 (radiolucency present 0 1 (1) 1 (1) 0 2
within crown=1/3-2/3
dentin width)

DR3 (radiolucency present 0 0 0 0 0
within crown >2/3 dentin
width)

C0 (no sticky fissures, 0 248 (76) 11 (3) 13 (4) 272
no demineralization)

C1 (sticky fissures, 0 22 (7) 5 (2) 3 (1) 30
no demineralization)

C2 (demineralization, 0 8 (3) 7 (2) 3 (1) 18
no sticky fissures)

C3 (demineralisation, 0 0 0 0 0
and sticky fissures)

Table 2. Correlated Results of Diagnodent (L)* Compared With Visual-tactile
Assessment (C), Conventional Radiography (R), and Digital Radiography (D)

*P<.001 for all comparisons.

Conventional radiography compared
with digital radiography

Of the 283 teeth scored by conventional radiography as
being sound (R0), 256 (90%) teeth were also scored as
sound on the digital radiographs (Table 1). Thus, the sen-
sitivity of conventional radiography compared to digital
radiography was 90% (Figure 1). On the other hand, in
the teeth scored as having caries on conventional radio-
graphs (R1-R3), only 37 out of 64 were also scored as
having caries on digital radiographs (DR1-DR3). There-
fore, the specificity of conventional radiography compared
with digital radiography was only 58%.

The Spearman rank correlation for this technique was
S

p
=0.643 (95% CI: 0.538, 0.749; P<.01; Table 3).

Diagnodent and conventional radiography

Of the 278 teeth scored on the Diagnodent as either sound
or having early enamel caries (L0- L1), 229 (82%) teeth
were radiographically sound (R0; Table 2). The sensitiv-
ity of the Diagnodent technique was found to be 82%. Of
the 42 teeth scored as having dentinal caries with the

Diagnodent (L2-L3), 15 were found to have radiolucen-
cies within the crown as seen on conventional radiographs
(R1-R3). Therefore, the specificity of the technique was de-
termined to be 36%.

The Spearman rank correlation for this technique was
S

p
=0.444 (95% CI: 0.334, 0.553; P<.001; Table 3).

Diagnodent and digital radiography

Of the 278 teeth scored as sound or having caries limited
to enamel on the Diagnodent (L0-L1), 253 (91%) were
also found to be sound on digital radiographs (DR0). The
sensitivity of the Diagnodent technique compared to digi-
tal radiography in diagnosing dentinal caries was 91%. In
the 37 teeth scored as having caries on the digital radio-
graphs (DR1-DR3), only 12 were scored as having dentin
caries using the Diagnodent technique. Thus, the specificity
of the Diagnodent technique against digital radiography
was 32%.

The Spearman rank correlation for this technique was
S

p
=0.180 (95% CI: 0.040, 0.320; P<.001; Table 3).
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Comparison of the various techniques for
sensitivity and specificity

Comparison of the techniques showed that the differences
in specificity among the techniques were statistically sig-
nificant (P<.03), whereas differences in sensitivity were not
significant.

Discussion
As occlusal caries now represents a large majority of the car-
ies found in children,29-31 it is of increasing clinical
importance that occult lesions are detected to prevent its
further progression of dental decay in the tooth. Tradition-
ally, occlusal lesions have been diagnosed visually with the
aid of a mirror and explorer. However, clinical and labo-
ratory results using radiographs have detected a high
frequency of undetected occlusal dentinal caries when only
visual inspection of the surface is used.21,32

Ekstrand et al33 showed the damaging effects on dem-
ineralized enamel caused by the use of an explorer whilst
examining fissures. This has shown to increase the rate of
formation and growth of the lesion.34 Furthermore, unre-
liable and poor sensitivity scores were achieved in studies
which used explorers for caries diagnosis.13 In fact, Lussi12

reported lower sensitivity results from dentists who used
explorers compared to those who did not in an in vitro
study, which examined the diagnostic accuracy and repro-
ducibility of explorers of occlusal caries.

The usefulness of conventional radiography in the de-
tection of proximal lesions has been validated.35 However,
its use for diagnosing early enamel caries has been consid-
ered of limited value14 due to the superimposition of sound
enamel of the surrounding cusps.36 However, this method
is recommended as an adjunct to clinical observation and
occlusal caries diagnosis, particularly of caries which has
reached the dentin.32,37

Quantitative light induced fluorescence (QLF) may
provide an alternative technique with advantages of pro-
viding quantitative and repeatable diagnostic information.

Results of clinical investigations with laser fluorescence us-
ing operative intervention as validation have shown
significantly higher sensitivity values of 92% to 96% as
compared to clinical inspection sensitivity values of 31%
to 62% and a bitewing radiography sensitivity value of
63%.27 An in vivo study using a cutoff limit at the enamel
level has revealed conservative results of sensitivity (49%)
and specificity (67%).38 In addition to these results, in vivo
studies have shown that repeatability and reproducibility
of the QLF method are very good.39

In the present study, the authors extended previous in-
vestigations in correlating clinical examination with
conventional radiography and Diagnodent to determine
their relative sensitivities and specificities in the diagnosis
of occult occlusal lesions in premolar teeth. Using the clini-
cal criteria of visual inspection and gentle probing, the
authors found the sensitivity of this technique for sound
teeth to be 0.81 (81% of the teeth scored as clinically sound
were also found to be radiographically sound). Nineteen
percent of teeth scored as visually sound had radiographic
radiolucencies in dentin, indicating either a failure to clini-
cally diagnose dentin carious lesions or the presence of
occult lesions present in these teeth. The authors’ present
results support the reported prevalence of hidden caries,
which range from 3% to 50%.7,9-11,40,41

In an attempt to limit the number of false positive find-
ings usually associated with probing, the presence of
“stickiness on probing” was used together with the pres-
ence or absence of opacity/demineralization. Nevertheless,
a sensitivity value of 81% suggests that 19% of the teeth
scored through the visual-tactile examination as having
occlusal caries did not have radiographic evidence of car-
ies, thus demonstrating a moderate percentage of false
positives. On the other hand, when the teeth with early caries
(demineralization and/or sticky fissures) were considered, the
specificity of conventional or digital radiography was only
around 44%, thus demonstrating a large percentage of false
negatives. These results are similar to those achieved by other
authors42-44 in the evaluation of visual-tactile examination
against conventional radiographs.

When compared with conventional radiography, the
sensitivity and specificity values achieved by the
Diagnodent were 82% (P<.001) and 36% (P<.001), re-
spectively. Although the sensitivity values were comparable
to those of other reports, the specificity value was signifi-
cantly lower compared to those studies which included
teeth with cavities in dentin.24,26 These differences in re-
sults may be related to better control of variables achieved
in the authors’ in vitro study compared to clinical studies.
First, extracted teeth are more likely to be plaque-free than
those in the clinical setting because they have been pum-
iced thoroughly. Furthermore, those teeth with staining,
calculus, and enamel hypocalcification defects were ex-
cluded from the study so that the potential for erroneous
readings resulting from these defects was minimized.

Diagnostic techniques Spearman rank correlation
coefficient S

p
 (95% CI)

Clinical examination and S
p
=0.10 (-0.024, 0.224)

conventional radiography

Clinical examination and S
p
=0.1663 (0.025, 0.308)

digital radiography

Clinical examination and S
p
=0.307 (0.164, 0.449)

Diagnodent

Conventional radiography S
p
=0.6433 (0.538, 0.749)

and digital radiography

Diagnodent and conventional S
p
=0.444 (0.334, 0.553)

radiography

Diagnodent and digital S
p
=0.18 (0.040, 0.320)

radiography

Table 3. Diagnostic Techniques and Spearman
Rank Correlation Results
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Given these ideal experimental conditions under which
the teeth were scored, it is not surprising that there were
no teeth scored in the Diagnodent technique as being “car-
ies free” (ie, showing a numerical value of <5), and the
majority of teeth (87%) were scored with the arbitrary cri-
teria of “enamel caries” (ie, showing a numerical score of
5-25). As “enamel caries” lesions are not routinely restored,
it is therefore clinically acceptable to employ a cutoff value
of >25 to determine whether there is a lesion in dentin
which is usually recommended for restoration.

Although histopathological evaluation may be used as
a standard to compare results of the different techniques,
in this study it is not feasible to perform detailed histologi-
cal evaluation on over 300 teeth. Moreover, the present
investigation was designed to compare techniques which
are employed in clinical practice–namely visual-tactile ex-
amination, radiography, and Diagnodent. Results of the
Spearman rank correlation suggest that there was only a
modest association of the results between clinical exami-
nation vs conventional and digital radiography. However,
the visual-tactile examination and Diagnodent were more
highly correlated with each other than when compared with
each of these techniques individually with conventional and
digital radiography. The highest correlation was found
between conventional and digital radiography.

QLF provides quantitative information, is easy to use,
is repeatable,39 and is a noninvasive method for monitor-
ing the progression of a suspected carious lesion. Typical
QLF results show a strong correlation with the degree of
enamel demineralization45 but no correlation with the de-
gree of dentinal decay.46 Furthermore, correlation with the
degree of enamel demineralization is limited to depth.47-49

Studies have shown that different values of fluorescence
from light-induced studies can change with the dehydra-
tion of the sample tooth.50 As the teeth in the authors’ study
were stored dry, the results may differ from those obtained
clinically. On the other hand, the consistent degree of hy-
dration obtained from laboratory investigations provides
better standardization of the technique.

The Diagnodent system uses a laser fluorescence method
that detects caries by measuring changes in fluorescence
intensities rather than by analyzing spectral differences used
by the QLF technique. Fundamental differences in the
design between QLF and Diagnodent should raise caution
in extrapolating research of QLF to the Diagnodent device.

Furthermore, although the Diagnodent provides an
appealing high-tech approach in the dental chair, the au-
thors’ present results show that it not significantly better
compared to the well-trained eye and sharp explorer. On
the other hand, it will be a useful adjunct in the diagnosis
of occult dentin caries, particularly when employed with
conventional or digital radiography. It is expected that the
accuracy of diagnosis of occult dentin lesions will increase
when all the results of all 3 techniques are combined.

Conclusions
1. Diagnodent gave similar sensitivity values but lower

specificity compared to visual-tactile examination in
diagnosing occult dentinal caries.

2. There were no significant differences between conven-
tional or digital radiography in diagnosis of occult
dentin caries.

3. Although the diagnosis of occult dentinal caries may
be further enhanced by the Diagnodent, a combina-
tion of visual-tactile examination and either
conventional or digital radiography should suffice in
most cases.

Acknowledgements
This study was funded by the Australian Dental
Research Fund.

References
1. Juhl M. Localization of carious lesions in occlusal pits

and fissures of human premolars. Scand J Dent Res.
1983;91:251-255.

2. Ricketts DN, Kidd EA, Wilson RF. The electronic di-
agnosis of caries in pits and fissures: site-specific stable
conductance readings or cumulative resistance read-
ings? Caries Res. 1997;31:119-124.

3. Ricketts D, Kidd E, Weerheijm K, de Soet H. Hid-
den caries: What is it? Does it exist? Does it matter?
Int Dent J. 1997;47:259-265.

4. Page J. The “fluoride syndrome”: occult caries. Br Dent
J. 1986;160:228.

5. Kidd EA, Naylor MN, Wilson RF. Prevalence of clini-
cally undetected and untreated molar occlusal dentine
caries in adolescents on the Isle of Wight. Caries Res.
1992;26:397-401.

6. Weerheijm KL, et al. Clinically undetected occlusal
dentine caries: a radiographic comparison. Caries Res.
1992;26:305-309.

7. Fracaro MS, Seow WK, McAllan LH, Purdie DM.
The sensitivity and specificity of clinical assessment
compared with bitewing radiography for detection of
occlusal dentin caries. Pediatr Dent. 2001;23:204-210.

8. Seow WK, Lu PC, McAllan LH. Prevalence of pre-
eruptive intracoronal dentin defects from panoramic
radiographs. Pediatr Dent. 1999;21:332-339.

9. Seow WK, Wan A, McAllan LH. The prevalence of
pre-eruptive dentin radiolucencies in the permanent
dentition. Pediatr Dent. 1999;21:26-33.

10. Seow WK, Hackley D. Pre-eruptive resorption of den-
tin in the primary and permanent dentitions: case reports
and literature review. Pediatr Dent. 1996; 18:67-71.

11. Seow WK. Multiple pre-eruptive intracoronal radiolu-
cent lesions in the permanent dentition: case report.
Pediatr Dent. 1998;20:195-198.

12. Lussi A. Validity of diagnostic and treatment decisions
of fissure caries. Caries Res. 1991;25:296-303.



348    Chong et al. Pediatric Dentistry – 25:4, 2003Diagnosis of occult caries

13. Penning C, van Amerongen JP, Seef RE, ten Cate JM.
Validity of probing for fissure caries diagnosis. Caries
Res. 1992;26:445-449.

14. Verdonschot EH, et al. Performance of some diagnos-
tic systems in examinations for small occlusal carious
lesions. Caries Res. 1992;26:59-64.

15. Hintze H, Wenzel A. Clinically undetected dental car-
ies assessed by bitewing screening in children with
little caries experience. Dentomaxillofac Radiol.
1994;23:19-23.

16. Grondahl HG. Radiologic diagnosis in caries manage-
ment. In: Thylstrup A, Fejerskov O, eds. Textbook of
Clinical Cariology. Copenhagen, Denmark: Munksgaard;
1994.

17. Ie YL, Verdonschot EH. Performance of diagnostic sys-
tems in occlusal caries detection compared. Community
Dent Oral Epidemiol. 1994;22:187-191.

18. Parks ET, et al. Effects of filtration, collimation, and
target-receptor distance on artificial approximal enamel
lesion detection with the use of RadioVisioGraphy.
Oral Surg Oral Med Oral Pathol. 1994;77:419-426.

19. Dove SB, McDavid WD. A comparison of conven-
tional intraoral radiography and computer imaging
techniques for the detection of proximal surface den-
tal caries. Dentomaxillofac Radiol. 1992;21:127-134.

20. Wenzel A, Hintze H, Mikkelsen L, Mouyen F. Ra-
diographic detection of occlusal caries in noncavitated
teeth. A comparison of conventional film radiographs,
digitized film radiographs, and RadioVisioGraphy.
Oral Surg Oral Med Oral Pathol. 1991;72:621-626.

21. Wenzel A, Larsen MJ, Fejerskov O. Detection of oc-
clusal caries without cavitation by visual inspection,
film radiographs, xeroradiographs, and digitized ra-
diographs. Caries Res. 1991;25:365-371.

22. Wenzel A, Halse A. Digital subtraction radiography after
stannous fluoride treatment for occlusal caries diagnosis.
Oral Surg Oral Med Oral Pathol. 1992; 74:824-828.

23. Wenzel A, Verdonschot EH, Truin GJ, Konig KG.
Accuracy of visual inspection, fiber optic transillumi-
nation, and various radiographic image modalities for
the detection of occlusal caries in extracted
noncavitated teeth. J Dent Res. 1992;71:1934-1937.

24. Shi XQ, Welander U, Angmar-Mansson B. Occlusal caries
detection with KaVo Diagnodent and radiography: an in
vitro comparison. Caries Res. 2000;34:151-158.

25. Hall AF, DeSchepper E, Ando M, Stookey GK. In
vitro studies of laser fluorescence for detection and
quantification of mineral loss from dental caries. Adv
Dent Res. 1997;11:507-514.

26. Lussi A, Imwinkelried S, Pitts N, Longbottom C,
Reich E. Performance and reproducibility of a laser
fluorescence system for detection of occlusal caries in
vitro. Caries Res. 1999;33:261-266.

27. Lussi A, Megert B, Longbottom C, Reich E,
Francescut P. Clinical performance of a laser fluores-
cence device for detection of occlusal caries lesions.
Eur J Oral Sci. 2000;109:14-19.

28. Fleiss I. Statistical Methods for Rates and Proportions.
Wiley, NY: 1981.

29. Ripa LW, Leske GS, Varma AO. Longitudinal study
of the caries susceptibility of occlusal and proximal
surfaces of first permanent molars. J Pub Health Dent.
1988;48:8-13.

30. Ripa LW, Leske GS, Sposato A. The surface-specific
caries pattern of participants in a school-based fluo-
ride mouthrinsing program with implications for the
use of sealants. J Pub Health Dent. 1985;45:90-94.

31. Dummer PM, et al. Factors influencing the initiation
of carious lesions in specific tooth surfaces over a 4-
year period in children between the ages of 11-12 years
and 15-16 years. J Dent. 1990;18:190-197.

32. Creanor SL, Russell JI, Strang DM, Stephen KW,
Burchell CK. The prevalence of clinically undetected oc-
clusal dentine caries in Scottish adolescents. Br Dent J.
1990;169:126-129.

33. Ekstrand K, Qvist V, Thylstrup A. Light microscope
study of the effect of probing in occlusal surfaces.
Caries Res. 1987;21:368-374.

34. van Dorp CS, Exterkate RA, ten Cate JM. The effect
of dental probing on subsequent enamel demineral-
ization. J Dent Child. 1988;55:343-347.

35. Kidd EA, Pitts NB. A reappraisal of the value of the
bitewing radiograph in the diagnosis of posterior
approximal caries. Br Dent J. 1990;169:195-200.

36. Pitts NB. The diagnosis of dental caries: 1. Diagnos-
tic methods for assessing buccal, lingual, and occlusal
surfaces. Dent Update. 1991;18:393-396.

37. Weerheijm KL, van Amerongen WE, Eggink CO. The
clinical diagnosis of occlusal caries: a problem. J Dent
Child. 1989;56:196-200.

38. Ferreira Zandona AG, et al. An in vitro comparison
between laser fluorescence and visual examination for
detection of demineralization in occlusal pits and fis-
sures. Caries Res. 1998;32:210-218.

39. Tranaeus S, Shi XQ, Lindgren LE, Trollsas K, Angmar-
Mansson B. In vivo repeatability and reproducibility of
the quantitative light-induced fluorescence method.
Caries Res. 2002;36:3-9.

40. Weerheijm KL, Gruythuysen RJ, van Amerongen WE.
Prevalence of hidden caries. J Dent Child. 1992;59:
408-412.

41. Weerheijm KL, Veerkamp JS, Groen HJ, Zwarts LM.
Evaluation of the experiences of fearful children at a
Special Dental Care Centre. J Dent Child. 1999;66:
253-257, 228.

42. Ashley PF, Blinkhorn AS, Davies RM. Occlusal car-
ies diagnosis: an in vitro histological validation of the
Electronic Caries Monitor (ECM) and other methods.
J Dent. 1998;26:83-88.

43. Verdonschot EH, Wenzel A, Bronkhorst EM. Assess-
ment of diagnostic accuracy in caries detection: an
analysis of two methods. Community Dent Oral
Epidemiol. 1993;21:203-208.



Pediatric Dentistry – 25:4, 2003 Chong et al.    349Diagnosis of occult caries

44. Wenzel A, Fejerskov O. Validity of diagnosis of ques-
tionable caries lesions in occlusal surfaces of extracted
third molars. Caries Res. 1992;26:188-194.

45. Ando M, et al. Relative ability of laser fluorescence
techniques to quantitate early mineral loss in vitro.
Caries Res. 1997;31:125-131.

46. Tam LE, McComb D. Diagnosis of occlusal caries:
Part II. Recent diagnostic technologies. J Can Dent
Assoc. 2001;67:459-463.

47. al-Khateeb S, Oliveby A, de Josselin de Jong E,
Angmar-Mansson B. Laser fluorescence quantification
of remineralisation in situ of incipient enamel lesions:
influence of fluoride supplements. Caries Res. 1997;
31:132-140.

48. Emami Z, et al. Mineral loss in incipient caries lesions
quantified with laser fluorescence and longitudinal
microradiography. A methodologic study. Acta
Odontol Scand. 1996;54:8-13.

49. Hafstrom-Bjorkman U, Sundstrom F, de Josselin de
Jong E, Oliveby A, Angmar-Mansson B. Comparison
of laser fluorescence and longitudinal microradiogra-
phy for quantitative assessment of in vitro enamel
caries. Caries Res. 1992;26:241-247.

50. al-Khateeb S, Exterkate RA, de Josselin de Jong E,
Angmar-Mansson B, ten Cate JM. Light-induced
fluorescence studies on dehydration of incipient
enamel lesions. Caries Res. 2002;36:25-30.

The existing dental literature suggests a relationship between orthodontics and the production or exacer-
bation of temporomandibular joint disorders (TMD). This follow-up longitudinal study was conducted to
determine changes in the condyle/fossa relationship after treatment with different types of orthodontic
mechanics. These changes were correlated with either improvement or development of signs and symptoms
of TMD. One hundred six white Class I or Class II division 1 orthodontic patients were selected for analy-
sis. The average age was 13.6 years and average length of treatment was 2.3 years (Class I) and 2.8 years
(Class II). All patients had pre- and posttreatment lateral cephalometric radiographs, tomograms of the left
and right temporomandibular joints, study models, information about TMD, treatment plans, type of
mechanics, and initial hand-wrist films. The results for the Class I group showed left-side size reductions of
the posterior space with no change in the right side. Similar observations were made for the Class II pa-
tients. Of the 10 Class I patients with pretreatment signs/symptoms of TMD, 7 reported no posttreatment
sign/symptoms (70% reduction). Of the 10 Class II patients with TMD, 9 reported no posttreatment symp-
toms (90% reduction). Due to the small patient numbers, there was no statistical significance. The authors
conclude that with orthodontic treatment: (1) the condyle becomes more concentrically positioned; (2) the
anterior, posterior, and superior joint spaces decreased; (3) the vertical height of the articular fossa increased;
(4) the angle of the articular slope did not change significantly; and (5) there was no statistically significant
difference in signs/symptoms of TMD before or after treatment.

Comments: It seems this has been the eternal controversy: Does orthodontic treatment lead to TMD?
Although this study was not case controlled (patients not receiving orthodontic treatment that had TMD)
or selected for patients treated orthodontically that had TMD, it does offer some answers to this question.
In this study, the authors concluded that orthodontic treatment did not cause or exacerbate TMD (and, in
most cases, alleviated symptoms). Nevertheless, it would have been a stronger study if patients had been
followed for extended periods following treatment to see if the same initial results were maintained. KV
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