ojF

EERBEE 32 57-65, 2007 o7

Reliability of clinical diagnosis and DIAGNOdent™
measurement value for dental caries comparing
with results of contact microradiographic examinations
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Abstract : The histopathological diagnosis cannot be performed in the dental caries, and thus,
accuracy of clinical diagnosis is uncertain. The purpose of this study is to examine the reliability
of clinical diagnosis by conventional methods and to examine the diagnostic variation among
examiners in vitro. Visual inspections using an air syringe, probing using a dental explorer and
radiographic examinations were all used for clinical diagnosis. Clinical diagnosis and final
diagnosis by the contact microradiography (CMR) were compared using extracted carious teeth.
DIAGNOdent™, a laser fluorescence device for caries detection was also examined as an objective
method for clinical diagnosis. As a result, 81% of the clinical diagnosis matched those from the CMR
diagnosis. Specificity for clinical diagnosis of four dentists ranged between 0.8 and 1.0 (C) and
between 0.63 and 0.88 (C,). Sensitivity ranged between 0.5 and 0.83 (C.) and between 0.88 and 1.0 (Cy).
The Kappa values varied from 0.45 to 0.66. The results of DIAGNOdent™ measurements correlated
with the final diagnoses at the rate of 50%. In conclusion, inter-examiner reproducibility was not
always high and clinical diagnosis seemed to vary by examiners even when common conventional
methods were used. Thus, in order to provide a more accurate clinical diagnosis more investigation
seems to be necessary, though 81% of clinical diagnosis matched final diagnosis. On the other hand,
DIAGNOdent™ measurement value alone was not as dependable as clinical diagnosis at present.

Key Words : dental caries, clinical diagnosis, final diagnosis, contact microradiography,
DIAGNOdent™
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dental caries. In the case of a cyst or a tumor,
histopathological diagnosis is also perfo-
rmed for a final diagnosis. But in the lesions
of dental caries, the histopathological diag-
nosis cannot be performed and thus, accura-
cy of clinical diagnosis is uncertain. Studies
which used extracted teeth have reported
that the inter-examiner Kappa values were
found to be 0.35 to 0.45 and 0.66 to 0.77"%.
They showed that clinical diagnoses do not
always agree among dental examiners. In
some studies, clinical diagnoses were com-
pared with final histological diagnoses, and
it was found that the rate of the agreement
between both diagnoses was not necessarily
high®*®. However, some of them were carried
out using mainly sound and primary enamel
carious teeth. In terms of preventive denti-
stry, differentiation between non-carious
teeth and teeth with primary enamel caries
is very important. Additionally, in the field
of operative dentistry, differentiation be-
tween enamel caries and deep dentin caries
is also important. To understand the extent
to which clinical diagnosis by conventional
methods agree with final diagnosis, or other
words, to recognize the reliability of clinical
diagnosis will help dental clinicians to pro-
vide better treatment. The purpose of this
study is to examine the reliability of clinical
diagnosis by conventional methods and to
concretely examine the diagnostic differ-
ences between examiners. Clinical diagnosis
by common examination and final diagnosis
by contact microradiogram (CMR) were
compared using extracted teeth with carious
lesions. In addition, DIAGNOdent™ (KaVo,
Biberach, Germany) was examined as an ob-
jective method for clinical diagnosis. The
laser fluorescence device for caries detection

illuminates the tooth with laser light (4 =

655nm). Altered tooth hard tissues including
caries and bacteria, will fluoresce. Changes
in the mineral content and porosity of the
surface result in a change in the pattern of
fluorescence. The nature of emitted fluores-
cence correlates with the degree of deminer-
alization in the tooth and can be quantified.
A numerical value from 0 to 99 are assigned
to the degree of fluorescence, which is used
as an indicator of the extent of dental caries.

Materials and Methods

Extracted human third molars (n=15, stored
in 10% formalin) were randomly selected and
used for the study. The teeth were first thor-
oughly rinsed with water and then cleaned
with a brush-cone without toothpaste. Six-
teen sample regions on pits and fissures
were selected to be diagnosed, and then
numbered from 1 to 16. Dental caries detec-
tion using DIAGNOdent™, clinical diagnoses
by four dental clinicians and final diagnoses
by CMR were each performed in the sample

regions for comparison.

Measurements using DIAGNOdent™

DIAGNOdent™ measurement was carried
out prior to clinical diagnosis to avoid
damage to the sample by explorer. A conical
probe for pits and fissures was used in ac-
cordance with the manufacturer’s instruc-
tions. An air syringe was used to dry the
teeth. The standard value for each individu-
al tooth was calibrated before each measure-
ment by measuring a region of smooth
intact enamel. The sample regions were car-
efully scanned for 20 seconds, while rotating
and moving the probe in various directions.
This was repeated 3 times. All measure-
ments were performed by the same examin-

er. The highest measurement value from
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Table 1. Cut-off points for DIAGNQdent™

measurement.
Value |Diagnosis| Condition
0-10 Co healthy tooth structure
11-20 C outer half enamel caries
21-30 C inner half enamel caries
31-99 C, dentinal caries

each sample region was registered as the
representative value. Cut-off values listed in
the manufacturer’s instruction manual for
DIAGNOdent™ were used for diagnosis
(Table 1).

Clinical diagnosis

After DIAGNOdent™ measurements were
completed, clinical diagnoses of teeth were
performed by four examiners who each have
5 to 30 years of experience as dental clini-
cians. They were not informed of the results
of DIAGNOdent™ measurements to exclude
bias. The DIAGNOdent™ examiner did not
take part in clinical diagnosis. Dental X-ray
pictures of all sample teeth were taken from
the buccal side using the bisecting-angle tec-
hnique employed in routine clinical met-
hods. Dental films were used at 60kV, 10mA,
and with an exposure time of 0.1s. Visual

inspections using an air syringe, probing

Table 2. Clinical diagnosis criteria.

using a dental explorer and dental radio-
graphs were all used for clinical diagnosis.
Diagnostic criteria are shown in Table 2. In
cases where all of the clinical diagnoses are
not in agreement, the result where at least
three of the dentists gave the same diagnosis

was employed.

Final diagnosis by CMR

Following the clinical diagnosis, the sample
teeth were dehydrated in graded ethanol
and then, embedded in polyester resin (Rig-
olac; Maruto Co., Ltd, Tokyo, Japan). Ground
sections, 100um in thickness, were made and
CMRs using X-ray films (Konica Minolta
High Precision Plate) were taken by a soft
X-ray generator (SOFRON SRO-M50; Sofron
Co., Ltd, Tokyo, Japan) under the condition
of 13kV, 3 mA. The focus to film distance was
50mm and an exposure time was 20 min. The
films were developed with Kodak D-19 for 5
min at 20°C, rinsed with tap water and then
fixed with Fujifix for 5 min at 20°C. Final
diagnoses were made after observing the
CMR pictures, in detail, under a microscope®.
Criteria for diagnosis are shown in Table 3.
Specificity, sensitivity and the kappa statis-

tics were calculated in order to evaluate the

Score Criteria
Co neither visible caries nor defect of tooth surface
Ci caries restricted to the enamel
C. caries extending to the dentin without dental pulp involvement
Cs caries extending to the dental pulp

Table 3. Criteria for final diagnosis by CMR.

Score | Criteria

Co | no rediolucency

Ci radiolucency restricted to the enamel

C. radiolucency extending to the dentin
* | without dental pulp involvement

C; | radiolucency extending to the dental pulp
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Fig. 1. Macroscopic pictures of examined teeth and contact microradiograms(CMR).
The broken lines show the direction of ground sections.
The arrows show points used for diagnosis of both clinical and CMR examinations and
DIAGNOdent™ measurement.
Each diagnosis was performed using diagnostic criteria shown in Table 1, 2 and 3.
No.3, clinical diagnosis ; C,, final diagnosis ; C,, DIAGNOdent™ measurement value ; 45, Both
clinical diagnosis and DIAGNOdent™ value matched final diagnosis.
No.13, clinical diagnosis ; C; final diagnosis ; C, DIAGNOdent™ measurement value ; 83, Both
clinical diagnosis and DIAGNOdent™ value matched final diagnosis.
No.10, clinical diagnosis ; C, final diagnosis ; C,, DIAGNOdent™ measurement value ; 32, Only
clinical diagnosis did not match final diagnosis.
No.15, clinical diagnosis ; C, final diagnosis ; C; DIAGNOdent™ measurement value ; 14, Only
DIAGNQdent™ value did not match final diagnosis.
No.2, clinical diagnosis ; C, final diagnosis ; C,, DIAGNOdent™ measurement value ; 99,
DIAGNOdent™ value was outlier.
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inter-examiner reproducibility of the four
dentists.

Results

The results of DIAGNOdent™

ments, clinical diagnoses and final diagnoses

measure-

are shown in Table 4. Figure 1 shows mac-
roscopic view of examined teeth and the
CMR pictures. Final diagnosis by CMR
showed that there were two cases of C,, six
C,, eight C, and no Ci. On the other hand

clinical

»

diagnosis by the four dentists
showed there were one case of C,, five C,, ten

Table 4. Results of each diagnosis.

61

C: and no C.. 81% of the results from the
clinical diagnosis matched those from the
final diagnosis. Specificity and sensitivity
for C, and C; are given in Table 5. Specificity
for clinical diagnosis of four dentists ranged
0.80 to 1.00 (C,) and 0.63 to 0.88 (C.). Sensitivi-
ty ranged 0.50 to 0.83 (C:) and 0.88 to 1.00 (C,).
The results of DIAGNOdent™ measurements
correlated with the final diagnoses at the
rate of 50%. Although all diagnoses were per-
formed very carefully, the result of sample
No.2 was an outlier. It showed the highest
DIAGNOdent™ value of 99, however the clin-

“Contradictory results with final diagnosis.

Sample No. Dentist|Dentist|Dentist| Dentist Clinical | The ratio of Final | Restorative | DIAGNOdent™ | Restorative
(1) (2) (3) (4) |diagnosis| agreement |diagnosis| treatment | Measurement | treatment
No.1 C 4G, AC, AC, 4C, 3/4 C O 45 O
No.2 Co AC, Co Co Co 3/4 Co X 99 40
No.3 4G, C G C C 3/4 C O 45 O
No.4 C C C G C 4/4 C O 30 Ax
No.b C C AC, C C, 3/4 C O 16 Ax
No.6 C C G C C 4/4 C O 16 Ax
No.7 C. C. C. C. C. 4/4 Ce O 45 O
No.8 C. C, C, Ce Ce 4/4 Ce O 22 4x
No.9 C. C. C. C. C. 4/4 C, O 9 A%
No.10 4C, AC, AC, C AC, 3/4 C O 32 O
No.11 C. 4Gy Ce C. C. 3/4 C. O 37 O
No.12 C, Ce C. C. C. 4/4 Ce O 99 O
No.13 AC C. C. (0 C. 3/4 C. O 83 @)
No.14 AC AC Co AC AC, 3/4 Co X 37 40
No.15 C. C. C. C, C. 4/4 C, O 14 A X
No.16 C, C. C. C, C. 4/4 C. O 34 O
Accuracy | 0.75 0.69 0.81 0.88 0.81 - - - - 0.5
Table 6. Kappa  values for inter-examiner
reproducibility of clinical diagnosis
Table 5. Specificity and sensitivity. using conventional methods.
Specificity Sensitivity Dentists Kappa value
C C, C C. (1) vs (2) 0.46
Dentist (1) 0.80 0.88 0.67 0.88 (1) vs (3) 0.45
Dentist (2) 0.80 0.75 0.67 0.88 (1) vs (4) 0.56
Dentist (3) 1.00 0.63 0.50 1.00 (2) vs (3) 0.54
Dentist (4) 0.90 0.88 0.83 1.00 (2) vs (4) 0.66
Diameals | 090 075 | 067 100 8) vs (4) 065
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ical and final diagnosis both showed no
caries. As for sample No.3 and No.13, both
clinical diagnosis and DIAGNOdent™ meas-
urement agreed with final diagnosis. As for
sample No.10, only the clinical diagnosis did
not agree with the final diagnosis. As for
sample No.14, only DIAGNOdent™ measure-
ment did not match final diagnosis. The res-
ults of inter-examiner reproducibility is
shown in Table 6. The Kappa value of this
study was 0.45 to 0.66.

Discussion

In this study, three diagnostic procedures
(visual inspection, probing, and radiograph-
ic examination) were used to simulate rou-
tine clinical examination. Compared to final
diagnosis by CMR, the correlation between
clinical diagnosis and final diagnosis was
81%. This indicates that nearly 20% of the
tested cases were not properly diagnosed.
The results show the difficulties of clinical
diagnosis of occlusal carious lesion. As mi-
crostructures are difficult to discern from
dental X-ray pictures, detecting a small
caries can be challenging. Since pits and
fissures on molars are complicated and inter-
nal structure is not visible, visual inspection
is subjective”. Although probing using a
dental explorer is necessary to investigate
inside the pits and fissures in detail, some-
time dentists are reluctant to use it because
the explorer could possibly break the deli-
cate surface of the carious lesions®. Penning
et al.**? investigated effectiveness of probing
for fissure caries. The effectiveness of prob-
ing was compared with final diagnosis using
X—ray images of sample sections, and it was
found that probing was unreliable for the
diagnosis of fissure caries. Out of the 16 clin-

ical diagnoses, eight cases were matched by

all four dentists, and also correlated with
final diagnosis(100%). The other eight clinical
diagnoses were agreed upon by three den-
tists, and out of those diagnoses, five cor-
related with the final diagnosis (62.5%). Al-
though the most experienced dental clini-
cian (dentist(4)) scored the highest specifi-
city for C, and sensitivity for C, and C,, 2
cases in 16 did not matched final diagnosis.
The examined teeth where clinical diagnosis
did not match the final diagnosis, were dia-
gnosed as more severe caries than they actu-
ally were. Sample No.l and No.10 were clini-
cally diagnosed as C,, however the caries did
not extend to the dentin on CMR. Informa-
tion from clinical inspection is too limited to
recognize the condition of caries in detail. In
order to evaluate the inter-examiner repro-
ducibility of the four dentists, the Kappa
statistics were calculated. The Kappa value
of this study was found to be 0.45 to 0.66.
Manji et al”. obtained inter-examiner Kappa
values of 0.66 to 0.77 using criteria of 1)
sound, 2) enamel lesion and 3) others.
Rosén et al? found Kappa values of 0.35 to
0.45 for inter-examiner tests using clinical
caries diagnosis for coronal surface using of
1) sound enamel, 2) initial active caries, 3)
initial inactive caries, 4) manifest active
caries and 5) manifest inactive caries crite-
ria. Although a comparison of clinical diag-
nosis with final diagnosis based on histology
was not performed in these studies, varia-
tion and difficulty of clinical diagnosis was
confirmed. It is not always because of the
inexperience of dentists or matter of ability,
every clinical diagnosis could potentially in-
clude unreliable factors which can compro-
mise the effectiveness of conventional
method. To compensate for the unreliable

factors in conventional clinical diagnosis, an
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objective diagnostic system with high repro-
ducibility has been anticipated. The effec-
tiveness and reproducibility of
DIAGNOdent™ have been reported in many

papers™"*

. In this study, the device was calib-
rated on smooth intact enamel before each
measurement. The probe was rotated and
moved carefully in various directions to
detect caries while being measured by the
examiner. The agreement between
DIAGNOdent™ and final diagnosis was 50%.
A clear explanation for the low rate of agree-
ment between DIAGNOdent™ measure-
ments and final diagnoses was not found.
Clinical utilization of DIAGNOdent™ on pa-
tients would be more difficult because
moving and rotating the probe would not be
easy inside the mouth, especially on molars.
However, its non-invasive method using
laser fluorescence is useful for uncoopera-
tive children and patients who cannot re-
ceive an X-ray examination due to pregnan-
cy or physical disabilities etc. To make
DIAGNOdent™ measurements easier and
more reliable to use, modifications of the
devise such as a smaller probe with a thin
tip to detect caries on pits and fissures are

anticipated.
Conclusions

In conclusion, the results of our study seem
to indicate that :

(1)19% of clinical diagnoses by conventional
methods did not correlate with the final di-
agnoses.

(2)Inter-examiner reproducibility was not
always high and clinical diagnosis varied by
examiners even when common conventional
methods were used.

(3)JAs undetectable factors are included in

clinical caries diagnosis, dentists should

take this into consideration when treating
caries.

(4)DIAGNOdent™ measurement value alone
was not as dependable as clinical diagnosis

at present.
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