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ABSTRACT

INTRODUCTION: New diagnostic devices” development is very important to detect caries lesions at earliest stage.
The main aim of the study was the assessment of new dental caries detection methods: digital fiber-optic trans-
illumination (DIFOTI) and quantitative light-induced fluorescence (QLF), in comparison with conventional
method: visual and tactile examination.

OBJECTIVES: Specific aims were the comparison of efficacy of diagnostic devices, including DIAGNOcam
(DIFOTI), DIAGNOdent pen, and VistaCam iX (QLF) in early caries detection in children, and the assessment
of their sensitivity and specificity.

MATERIAL AND METHODS: In total, 61 children, aged 5-18 were examined. Early caries (caries incipiens) on
occlusal and approximal surfaces of molar deciduous, and permanent teeth and premolar teeth were diagnosed.
Examination scheme included visual and tactile examination according to ICDAS-II (international caries de-
tection and assessment system), and assessment of dental caries with VistaCam iX, DIAGNOdent pen, and
DIAGNOcam devices.

RESULTS: 227 surfaces were examined, including 129 permanent molars’ surfaces, 50 deciduous molars’ surfaces,
and 48 premolars’ surfaces. Therefore in total, 172 occlusal surfaces and 55 approximal surfaces were analyzed.
The highest sensitivity was obtained with VistaCam iX - 0.9655, lower DIAGNOcam - 0.8649, and DIAGNOdent
pen — 0.6410. The highest specificity was obtained with DIAGNOdent pen — 0.9043, lower VistaCam iX - 0.9028,
and DIAGNOcam - 0.8947.

Concrusions: The clinical visual and tactile examination should be the basic diagnostic method, and their
results should be confirmed with additional devices, such as VistaCam iX, DIAGNOcam, or DIAGNOdent
pen. None of the mentioned modern devices provided total efficacy in early caries detection. VistaCam iX
and DIAGNOcam obtained better sensitivity than DIAGNOdent pen; however, all devices achieved high
specificity.
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INTRODUCTION

Dentists use the visual and tactile examination and
radiograms to detect and diagnose carious lesions.
Contemporary dental diagnostics opens new possibili-
ties, thanks to the appearance of modern diagnostic
devices. The specificity of the visual method, in oth-
er words, the ability to detect healthy teeth, has been
reported in literature at a level of 90%; however, its
sensitivity, i.e., the ability to detect teeth with caries, at
a level between 12% and 82%. These divergencies may
be due to using different caries classification systems
and differences in detecting caries in hard-to-reach ar-
eas [1]. Reproducibility of the visual method is low, due
to examiner’s subjectivity of measurement [2]. In order
to standardize the caries diagnostics system, in 2001,
international caries detection and assessment system
ICDAS-I was introduced. The criteria of ICDAS have
been evaluated in terms of correlation with the results
obtained after histopathological examination of ex-
tracted teeth. The system is applicable in the examina-
tion of dental crowns caries, without referring to root
caries, or the caries progress level [3]. In 2005, the in-
ternational caries detection and assessment system
ICDAS-II was introduced (Table 1).

Both the conventional and digital radiography are
used by clinicians to complete clinical examination.
These methods show very high sensitivity in detecting
dentin caries of proximal surfaces; however, their utility
in early enamel decay detection is limited [4]. In case
of occlusal caries detection on bitewing X-ray, the cav-
ity may extend to central one-third part of the dentin,
which excludes the possibility of providing non-invasive
treatment [5]. Modern methods of early caries diagnos-
tics based on the phenomenon of fluorescence, include
quantitative light-induced fluorescence (QLF) and its
diagnostic devices, such as DIAGNOdent, DIAGNO-
dent pen, VistaProof camera, and VistaCam iX. One
of the most widely featured diagnostic devices is the
DIAGNOdent 2095 (KaVo, Biberach, Germany), de-
signed for the purpose of diagnostics of early caries

TABLE 1. ICDAS-Il codes

Code  Description

0 Sound enamel

1 White/brown spot in dry enamel

2 White/brown spot in wet enamel

3 Localized enamel breakdown (without clinical visual signs

of dentinal involvement)

Underlying dark shadow from dentin with or without localized

of both occlusal and smooth surfaces, which was intro-
duced to medical market in 1998.

In 2005, the DIAGNOdent pen (DIAGNOdent 2190,
KaVo, Biberach, Germany) was launched, which also fa-
cilitated detecting caries on proximal surfaces and ana-
lyzing bacterial plaque in the gingival pockets. The most
modern systems for caries detection are the intraoral
cameras, equipped in light-emitting diode (LED). They
include fluorescent camera VistaProof (D{irr Dental SE,
Germany) brought to the medical market in 2007, and
its modernized version VistaCam iX, introduced by
the same company in 2011 as well as SoproLife camera
[6-8]. Other modern techniques of caries diagnostics are
based on the phenomenon of digital transillumination
DIFOTI (digital fiber-optic trans-illumination). It uses
non-visible infrared light, which passes through the ex-
amined surface that is focused by a system of lenses from
charge-coupled device (CCD) camera, and the image is
displayed on a computer screen. DIAGNOcam (KaVo,
Biberach, Germany) is a device based on DIFOTI. Sup-
ported by modern devices, caries diagnostics precisely
facilitates the exposition of early caries of both occlusal
and proximal tooth surfaces, and may, at the same time,
be an alternative to commonly used bitewing X-ray.
The exact description of the stage of early carious lesion
enables the implementation of non-invasive treatment,
such as enamel remineralization, which may prevent
the necessity of cavity preparation with the use of a drill
and applying dental filling. In more advanced cases, it en-
ables cavity preparation with a minimally invasive meth-
od. Most often, early carious lesions develop in hard and
clean spaces, such as fissures, pits, and proximal surfaces
of the teeth. Relatively quick detection of lesions enables
the implementation of the best method of treatment, sav-
ing tooth tissue. It is particularly important in children,
who develop caries lesions faster than adults.

OBJECTIVES

The aim of this study was the evaluation of modern
caries diagnostics methods, i.e., digital fiber-optic trans-
illumination (DIFOTI) and quantitative light-induced
fluorescence (QLF) in comparison to the conventional
method of visual and tactile examination. More specif-
ically, its objective was to compare the efficacy of mod-
ern diagnostic devices, including the DIAGNOcam
(DIFOTTI), DIAGNOdent pen, and VistaCam iX (QLF) in
the detection of early carious lesions in children as well
as the evaluation of sensitivity and specificity of the re-
spective methods with the application of DIAGNOcam,
DIAGNOdent pen, and VistaCam iX camera.

4
enamel breakdown MATERIAL AND METHODS
5 Distinct cavity with visible dentin
6 Extensive distinct caity with visible denfi The study material was collected between 2013-2016
xtensive distinet cavity with visible dentin at the Pedodontics Clinic of Academic Center of Den-
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tistry and Specialized Medicine in Bytom, the Medical
University of Silesia in Katowice, and the Non-Public
Healthcare Center of Medicine and Dentistry in Ryb-
nik. The study included 61 children aged 5-18, gener-
ally healthy, both sexes, whose parents gave consent for
the tests. The diagnostics comprised of fully erupted
molar deciduous and permanent teeth (excluding wis-
dom teeth) as well as premolars without fillings, fis-
sure sealants, extrinsic and intrinsic discoloration, and
enamel disorders, such as hypoplasia or hypomineral-
ization. Early caries (caries incipiens) of occlusal and
proximal surfaces of 224 teeth was the subject of diag-
nosis, and 227 teeth surfaces were examined. If carious
lesion was detected on proximal and occlusal surfaces or
both the occlusal surfaces of the tooth, it was treated as
two separate units.

The material obtained from each patient included
medical record of visual and tactile examination accord-
ing to ICDAS-II, results from DIAGNOdent pen (KaVo,
Biberach, Germany), and photos of the teeth made with
the VistaCam iX (Dtrr Dental SE, Bietigheim-Bissin-
gen, Germany) and the DIAGNOcam (KaVo, Biberach,
Germany). The assessment of the results was based on
statistical analysis of data from the clinical examination
ICDAS-II, the DIAGNOdent pen examination, and pic-
tures taken with the VistaCam iX and DIAGNOcam.

EXAMINATION SCHEME

CLINICAL EXAMINATION: VISUAL AND TACTILE ASSESSMENT

The carious lesions of the tooth surface were put
under visual and tactile evaluation after being cleaned
from plaque with fluoride-free toothpaste and dried un-
der artificial light of a dental unit, with the use of a flat
mirror without magnifying or probe. The results were
entered into the patient’s examination card according
to ICDAS-II (international caries detection and assess-
ment system).

VISTACAM IX EXAMINATION

Carious lesions on occlusal surfaces were examined
with the VistaCam iX. Two heads were used: CAM -
for imaging of the intraoral anatomical structures, and
PROOF - for the detection of caries by means of flu-
orescence (QLF). Fluorescent light was registered by
the camera’s lens, sent to a computer, and analyzed by
a specialistic DBSWIN software (Diirr, Germany). This
led the photography to be seen on the monitor, which
showed the decay in a yellow-red-green color scale with
a corresponding numeric scale of 0-4, characterizing
the decay’s depth in a given place.

The numeric scale of the camera’s producer presents
the fluorescence intensification as follows: 0.0-0.9 healthy
enamel (green); > 0.9-1.5 early enamel caries (blue);

> 1.5-2.0 enamel caries extended to dentin-enamel junc-
tion (red); > 2.0-2.5 dentin caries (orange); > 2.5 deep
dentin caries (yellow) [9].

CARIES DIAGNOSTICS WITH THE DIAGNODENT PEN

Before the examination, the DIAGNOdent pen
device based on the phenomenon of laser fluores-
cence, was calibrated by applying the probe to the ce-
ramic model and to a healthy, smooth tooth surface.
The A head was used on the occlusal surfaces, while
the B head, on the proximal ones. The probe was be-
ing moved along the tooth and the highest score within
0-99 range was read and then interpreted according to
the scale of Lussi et al. [10] as follows: 0-13 lack of ac-
tive caries (professional tooth cleaning recommended);
14-20 caries of the external enamel layer (preventive
action recommended); 21-29 caries extended to the in-
ternal enamel layer (preventive action or minimally
invasive treatment recommended); > 30 dentine caries
(minimally invasive treatment recommended).

DIAGNOCAM EXAMINATION

The DIAGNOcam camera uses the phenome-
non of digital transillumination (DIFOTI). The head
of the camera was being moved along the tooth surface
and after obtaining the bestimage sharpness, a set of pho-
tographs was made, and then displayed on the comput-
er’s screen. The teeth’s carious surfaces were shown in
different planes as shadows of different saturation. So
far, there is no numeric scale describing the caries range
(depth) based on the grade of tooth’s obscuration. For
the purpose of this work, a percentage system was cre-
ated, helping in the interpretation of the photos, based
on the area that measured the curves in the tooth’s pho-
tograph (the obscured area against the whole tooth sur-
face) and described as follows: 0-0.2%: healthy enamel;
> 0.2-2%: caries of the external enamel layer; > 2%: car-
ies of the external and internal enamel layer. Figures 1-3
show example photos of the occlusal surface of tooth
46. The first photo (1) was taken with the CAM head,
the second (2) with the PROOF head of VistaCam iX,
and the third one (3) was taken with the DIAGNOcam.
The oral cavity hygiene level of the examined children
was also put under visual assessment, and was qualified
as good, medium, or bad. The test unit was the sur-
face of a deciduous or permanent tooth. The distribu-
tion of variables was characterized by group size n (the
number or tooth surfaces), arithmetic mean, standard
deviation (M * SD), relative standard error, median,
minimum, maximum, and level of confidence (95.0%).
The data obtained from the measurement were statis-
tically analyzed using Statistica 10 software in Excel
spreadsheet (Microsoft Office).
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FIGURE 1. Photo image of the occlusal surface of tooth
46 taken with the CAM head of VistaCam iX

FIGURE 2. Photo image of the occlusal surface of tooth
46 taken with the PROOF head of VistaCam iX

RESULTS

Sixty-one patients aged between 5 and 18 (23 boys and
38 girls) were examined. In total, 224 teeth were evaluat-
ed, including 129 molar permanent teeth (129 surfaces),
45 premolars (48 surfaces), and 50 molar deciduous teeth
(50 surfaces). Overall, 227 tooth surfaces were assessed,
with 172 occlusal and 55 proximal surfaces (Table 2).

In the evaluation of the efficacy of diagnostic meth-
ods with the use of DIAGNOcam, DIAGNOdent pen,
and VistaCam iX, the results obtained during the visu-
al and tactile examination and expressed by codes of
ICDAS-II were adopted as the basis. The results are

FIGURE 3. Photo image of the occlusal surface of tooth
46 taken with the DIAGNOcam

presented in Table 3. In the visual-tactile examinations,
code 0 of ICDAS-II indicating healthy enamel was ob-
tained on 27 tooth surfaces (11.89%). 76 surfaces (33.48)
obtained code 1, signifying early enamel decay, and
the majority of surfaces, 89 (39.21%), was given code
2 proving enamel caries more extended than in case
of code 1. 35 surfaces (15.42%) were classified as code
3, showing local surface discontinuity without dentin
changes. In the VistaCam iX examinations, the 0-0.9 re-
sult showing healthy enamel was obtained on 11 tooth
surfaces (6.36%). The > 0.9-1.5 result showing early
enamel caries was found on 88 tooth surfaces (50.87%),
and the > 1.5 result showing enamel decay extended
to dentin-enamel junction was obtained on 74 surfac-
es (42.77%). In the DIAGNOdent pen examinations,
the 0-13 result, meaning lack of decay, was obtained on
63 tooth surfaces (27.75%). The 14-20 result, meaning
caries of the external enamel layer, was obtained on
35 surfaces (15.42%), and the 21-29 result, meaning
more profound decay, extended to the internal enamel
layer was obtained on 40 surfaces (16.62%). In case of 89
tooth surfaces (39.21%), the > 30 result was obtained,
meaning dentine extended decay. The DIAGNOcam ex-
aminations, the 0-0.2% result signifying healthy enamel
was obtained on 31 tooth surfaces (13.66%). The > 0.2-2%
result, meaning external enamel layer decay, was ob-
tained on 97 tooth surfaces (42.73%), and the > 2% re-
sult, meaning more profound external enamel layer de-
cay, was obtained on 99 surfaces (43.61%).

The highest sensitivity of the method amounting
to 0.9655 was found with the VistaCam iX camera.
The DIAGNOcam examinations sensitivity amounted
to 0.8649, and the DIAGNOdent pen analysis it was
0.6410. All the devices showed respectively similar and
high specificity. The highest specificity was obtained with
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TABLE 2. Number of examined group and teeth/ surfaces with division of dental groups and sex
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TABLE 3. Assessment of initial caries made with VistaCam iX, DIAGNOdent pen, and DIAGNOcam

Visual tactile method VistaCam iX DIAGNOdent pen DIAGNOcam
ICDAS-II n % Producent’s scale n % Lussi’s scale n % Authors’ scale n
0 27 11.89 0-0.9 N 6.36 0-13 63 21.75 0-0.2% 31 13.66
1 76 33.48
>0.9-1.5 88 50.87 14-20 35 15.42 >0.2-2% 97 42.73
2 89 39.21
3 35 15.42 21-29 40 16.62
>15 74 42.77 > 2% 99 43.61
>3 0 0 >30 89 39.21
Al 227 - All 173 - All 227 - All 227 -

n - number of examined surfaces

the DIAGNOdent pen - 0.9043, followed by the Vis-
taCam iX with 0.9028, and the DIAGNOcam - 0.8947
(Table 4). This was confirmed by Spearman’s rank cor-
relation coefficient results. Comparing the results from
individual devices in relation to those from the visual
and tactile examination, ICDAS-II codes 1-3 showed
practically full dependence; however, they showed no
connection in case of comparing healthy surfaces (code
0 of ICDAS-II) (Table 5).

DISCUSSION

The development of modern diagnostic methods is
extremely important in order to confirm clinical exam-
ination diagnosis and detect carious lesions as early as
possible, and later to apply a non-invasive treatment.
In literature, the largest number of papers on the usage
and effectiveness of modern diagnostic devices refers
to DIAGNOdent and its newer version, DIAGNOdent
pen. Shi et al. compared the effectiveness of fluorescence
method and the conventional bitewing photographs.
They came to a conclusion that DIAGNOdent demon-
strates higher efficacy in the enamel and dentin caries
detection than X-rays [11]. Different results were ob-
tained by Anges et al. who evaluated wisdom teeth before

TABLE 4. Sensitivity, specificity, and confidence intervals
of the examined methods

VistaCamiX  DIAGNOdentpen DIAGNOcam
Sensitivity 0.9655 0.6410 0.8649
-95% I 0.8224 0.4718 0.7123
+95% (I 0.9992 0.7880 0.9546
Specificity 0.9028 0.9043 0.8947
-95% I 0.8423 0.8529 0.8421
+95% (I 0.9458 0.9423 0.9345

and after extraction using DIAGNOdent, visual clinical
examination, and bitewing radiographs. It turned out
that visual evaluation as well as radiographs demon-
strated higher specificity than laser fluorescence [12].
In the present research, the results obtained from
the DIAGNOdent pen were closest to the visual and tac-
tile assessment in case of ICDAS-II code 0, indicating
healthy enamel. However, in case of code 1, most results
were lower in the range of 0-13. In case of more extend-
ed decay, DIAGNOdent pen codes 2 and 3 were the least
convergent with the visual and tactile assessment, while
the prevalent part of the results was higher than that re-
flected in the visual and tactile examination. In a study
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[ by Sheehy et al., DIAGNOdent repeatedly showed high-
§ § er results in case of white decay spots. On the basis of re-
v sults obtained from the assessment of occlusal surfaces
- x decay, the authors emphasized that DIAGNOdent should
s § § be applied in combination with the visual examination,
Z % as it was not possible to distinguish between decalcifi-
= - cation and caries with using one technique only [13]. In
E § § the present research, in the assessment of all material
£ \ of the study, a full range of possible DIAGNOdent pen
= values was acquired from 0 to 99. Lussi et al. [10] also ob-
§ =3 tained large divergences of their results. Various authors
= stated that the best compatibility between the DIAGNO-
dent examination and the clinical one was obtained in
lesousy [ 3 case of dentin caries [14, 15]. In the present study, enam-
< el decay was diagnosed; therefore, it was not possible to
X compare it with diagnostics of dentine decay. Sensitivity
|8 and specificity in this evaluation of the applied devices
DRV were related to the visual and tactile tooth assessment,
_ which was adopted as a standard for the diagnostic eval-
£ =N § uation test based on ICDAS-II. Marczuk-Kolada et al., in
S v an ex vivo study concerning performance of ICDAS-II
§ _ and fluorescence methods for detection of occlusal car-
g § § ies, used cone beam computed tomography (CBCT) to
e v verify the extent of carious lesions [7]. In other authors’
S research, in evaluating the effectiveness of different di-
-g 8|8 agnostic methods, histological examination of the hard
il dental substance of removed teeth or opening dental fis-
sures was used. In the present study, this would not be
O = | 2 possible due to ethical reasons, as the study focused on
il e early caries without indications for opening the cavity
N and mechanical preparation. Moreover, in vitro experi-
- X é ment was not taken into consideration. In our research,
§ i v the DIAGNOdent demonstrated lower sensitivity (64%)
- .- N than in other studies, such as in Lussi et al. (92%) [10],
g :‘2'- X é Abalos et al. (89%) [17], or Iranzo-Cortes (85%) [16],
Z RV whereas the device specificity was higher (90%) than in
% % _ the above authors’ research. However, this present study
% g RS focused only on enamel caries, while the others also
= S19 idered dentine caries.
% = v consi
— <
£ I ~| =
I < pp st CARIES DIAGNOSTICS WITH THE USE
& OF VISTACAM IX CAMERA
8 [esuan [E=REN
s i In the available literature, there are very few stud-
-% wlE ies on the use of fluorescence cameras for the detection
I9] WeONIYIa [t of caries on occlusal surfaces. Most of them are based
§ v on in vitro or ex vivo research [7-9, 18], and only few of
=< x them are in vivo studies [19]. Jablonski-Momeni et al.
° uad JuspONDYIQ E § evaluated the reproducibility and precision of this meth-
< v od in caries detection. The study was conducted by two
S * people: an experienced dental practitioner and a student,
g xwejersiy  RERES who with VistaProof camera evaluated occlusal surfaces
ﬁ v of 53 extracted teeth. The camera showed high repro-
w ducibility of the results, regardless of the researchers’ ex-
@ i perience, and high accuracy in the detection of different
= stages of caries on occlusal surfaces [9].
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In a different in vitro study, Jablonski-Momeni et al.
assessed occlusal surfaces caries using 4 methods, such
as clinical study (ICDAS-II), DIAGNOdent laser fluores-
cence, VistaCam iX fluorescence camera, and bitewing
photos. The results of clinical study and fluorescence cam-
era were most similar to the gold standard, i.e. true stage
of the caries. On the other hand, radiographs showed
the least diagnostic value in the detection of occlusal sur-
faces’ caries [18]. In yet another study, Jabloriski-Momeni
compared the use of VistaProof and VistaCam iX cameras
in the diagnostics of caries on occlusal surfaces. The study
was conducted in vitro by two researchers: an experienced
dental practitioner and a graduating dental student. Both
the fluorescence cameras showed high reproducibility
of the results and high accuracy of the detection of caries
in different stages. Both the doctor and the student had no
difficulties with software handling. The accuracy of both
devices was comparable, with a slight prevalence of VistaP-
roof [8]. In the present research, the results obtained with
the VistaCam iX were more similar to the visual and tactile
examination in case of ICDAS-II 1 and 3 codes, whereas
in case of ICDAS-II code 0, only some results were high-
er in relation to the visual and tactile examination, and
were within > 0.9-1.5 range signifying early caries. In case
of ICDAS-II code 2, the VistaCam iX results were more
compatible with the visual and tactile assessment, while
the majority of results were higher than those obtained
from the visual and tactile examination. The most sensitive
method was the diagnostics with the VistaCam iX, with
sensitivity amounting to 97%. Also, the specificity of this
method was very high, showing 90%. In other studies, such
as Rodrigues or Achilleos, the QLF method’s sensitivity was
also high, but the specificity was lower [20, 21].

CARIES DIAGNOSTICS WITH THE USE OF DIGITAL
TRANS-ILLUMINATION DIFOTI

The digital transillumination DIFOTI was the least
examined method of caries diagnostics, and a big ob-
stacle in comparing its accuracy was the lack of rec-
ommended numeric scale, which would objectivize to
a certain extent our study results. Since the results could
not be quantitatively classified, the doctors had to con-
duct their own analysis, relying on their experience and
considering the risk of their own errors. Moreover, it
was not possible to evaluate the depth of the carious le-
sions [22]. In this research, an individual scale was cre-
ated according to the grade of the tooth’s obscuration,
which helped to classify the obtained results. So far, very
few experiments were conducted with the use of digital
transillumination method, mainly in vitro [23, 24] and
several in vivo [25, 26]. The authors state, that DIFOTI
method is eflicient, especially in the detection of car-
ies on proximal surfaces. The DIFOTI technique is of-
ten compared to radiological method, and may become
its future alternative. With the use of DIFOTI method,

early caries stages can be detected, which is not possible
with the use of radiographs, where the lesion becomes
visible only when extended to one third of the internal
dentin part. However, the higher sensitivity of DIFOTI
technique may sometimes lead to false diagnosis and re-
storative treatment recommendation, because white cari-
ous spots may be incorrectly interpreted as obscuration in
the photograph from the camera, when related to healthy
enamel. For this reason, transillumination method
should be used to complement clinical examination [27].
In this research, the results obtained with the DIAGNO-
cam camera were mainly similar to the visual and tac-
tile evaluation, when compared to those obtained with
the VistaCam iX and DIAGNOdent. The results were
mostly consistent as related to ICDAS-II codes 0 and 3,
and less in case of ICDAS-II codesl and 2, marking
the existence of a carious spot. In an area of premolar
teeth, where only proximal surfaces were examined with
the device, the result was 3.92%, and in case of molar
permanent and deciduous teeth, where mainly occlusal
surfaces were examined, the results were lower and ac-
counted to 2.54% for permanent and 2.59% for decidu-
ous molars. Sochtig et al. conducted a research with 130
patients, aged more than 12, with a full set of permanent
teeth. This research included visual and tactile evalua-
tion as well as DIAGNOcam examination, and in justi-
fied cases, bitewing radiographs were taken. 85 patients
were diagnosed with 127 lesions on proximal surfaces.
It was stated that with the trans-illumination method, it
is possible to detect caries on both proximal and occlusal
surfaces. According to the authors, this method is a fu-
ture alternative to bitewing radiographs; however, further
study in this field is required [25]. Astvaldsdéttir et al.
compared diagnostic accuracy (effectiveness) of DIFOTI
method in relation to conventional and digital radiogra-
phy in detecting caries on proximal surfaces. The results
showed that under in vitro conditions, the diagnostic
accuracy of DIFOTI was better than that of radiologi-
cal methods, in case of lesions on the occlusal surfaces
affecting the enamel. In case of more extended caries af-
fecting the dentin, the efficacy of all three methods were
at the same level [23]. The DIFOTI method’s sensitivity
in this research amounted to 87% and specificity to 90%.
Vaarkamp et al. conducted a research on the diagnostic
efficacy of bitewing radiographs and transillumination
method in the detection of caries on proximal surfaces.
They demonstrated that both the methods showed similar
specificity (0.99-1.00); however, the sensitivity of DIFOTI
method was significantly lower (0.50-0.70) when com-
pared to X-ray photos (0.71-1.00) [28]. Maia et al. eval-
uated the efficacy of trans-illumination and radiographs
in diagnostics of early enamel caries on occlusal surfac-
es. The sensitivity of trans-illumination method reached
0.88 and the specificity amounted to 0.72. As for the bite-
wing photos the sensitivity ranged from 0.35 to 0.53, and
the specificity from 0.50 to 0.72. Enamel caries was better
detectable using trans-illumination method rather than
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with radiograms [29]. Nowadays, there are a lot of devic-
es available for the detection of dental caries. However,
one must remember that they all have their advantages
and disadvantages; therefore, they should be used in ad-
dition to general methods, which for many years have
served as a basis for clinical detection of caries. However,
if additional devices are selected, it is advisable to decide
on two complementary approaches, e.g., DIFOTI with
QLF [30]. A huge advantage is the possibility to monitor
carious lesions, especially using the DIAGNOdent pen
and VistaCam iX camera, because of numerical scales
created for them. Previous reports concerning the appli-
cation of new diagnostic devices, due to diverging opin-
ions of the authors, require further research. According
to the authors of this study, the use of the VistaCam iX
and the DIAGNOcam cameras provided more reliable
results than the DIAGNOdent pen, which showed large
divergences and over-estimation of the results, particu-
larly in case of proximal surfaces. As far as the suitability
of the devices in dental practice is concerned, the DIAG-
NOcam technique is considered to be the most useful and
may constitute a non-invasive alternative to the X-rays.
Additionally, it facilitates the diagnostics of proximal
surfaces, especially hard to reach in the visual and tactile
examination. However, during an examination, the Vista-
Cam iX method can be considered as more user-friendly
and more pleasant for the patient, but it does not detect
decay on the proximal surfaces. It is advisable to select
each of the devices individually for the patient, depend-
ing on diagnostic needs. The study was conducted with
the prior approval from the Bioethics Committee of Med-
ical University of Silesia, December 16", 2014, resolution
No.: KNW/0022/KB1/99/1/14. The study was funded un-
der contract number of KNW-2-047/D/5/N.

CONCLUSIONS

The basic method in caries diagnostics should be
the clinical visual and tactile examination, which should
be verified by applying an additional tool, such as
the VistaCam iX and DIAGNOcam cameras or
DIAGNOdent pen, since none of the devices, when used
individually, can ensure full effectiveness in early caries
detection. All of the evaluated devices are characterized
by high specificity for caries detection; however, both
the cameras show a higher level of sensitivity for the de-
tection of carious lesions comparing to the DIAGNO-
dent pen.
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