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The aim of this ex vivo study was to compare visual clinical and radiographic examinations to the histological analysis for proximal
caries diagnosisin extracted permanent molars and premolars. The relationship between clinical aspects and carious lesions was also
evaluated. Eighty-eight proximal surfaces (44 freshly extracted teeth) were longitudinally sectioned with a 370-pum diamond disk,
thinned with wet silicon carbide paper and observed with a stereomicroscope at x40 magnification. Sensitivity and specificity were
65.6% and 83.3% for clinical examination and 29.7% and 95.8% for radi ographic examination, respectively. Kappavaluesranged from
0.64 to 0.91. The white spots corresponded to lesions restricted to enamel, while the dark spots corresponded to lesions that reached
the dentinoenamel junction. In most cases, cavitation corresponded to dentin lesions. It may be concluded that interproximal

radiographic examination is not areliable method for detection of incipient proximal carious|esions.
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INTRODUCTION

Over the years, interproximal radiography has
been regarded as an important auxiliary method for
proximal caries detection, which provides valuable
information for treatment decision (1). However, its
accuracy has been questioned due to induction of
mistaken diagnosis (2,3) because, in several occasions,
radiographs do not detect caries progression and give
false negative results (4).

Billeand Thylstrup (2) reported visual diagnosis
can be more sensitive than radiography for detection of
incipient cariouslesions, whereas radiographic diagno-
sisisrather sensitive for dentinal and cavited lesions.
Espelidand Tveit (5) stated that the radiographi c exami-
nation of deeper and intact surface lesions did not
provide an accurate diagnosis with no trustworthy

radiographic criteriaavail ableto determinethe presence
of initial or cavited lesions. Although differences be-
tweeninvivo and in vitro studies have been emphasized
(6), histological and stereomicroscopic analyses have
been considered the most accurate methods for valida-
tion of carious lesions (7).

The widespread use of fluoride has promoted a
general caries decline. As a result, accurate caries
detectionisparadoxically moredifficult than beforethe
so-called fluoride eradueto the slow caries progression
and chances of caries regression (8).

The purpose of the present ex vivo study wasto
compare visual clinical and radiographic examinations
to histological analysisfor proximal cariesdiagnosisin
extracted permanent molars and premolars. The rela-
tionship between clinical aspects and carious lesions
was also evaluated.

Correspondence: Prof. Dr. José Moreira da Silva Neto, Rua Sebastido de Azevedo Bastos, 40, 58038-490 Manaira, Jodo Pessoa, PB, Brasil.
Tel: +55-83-3216-7251. Fax: +55-83-3244-2507. e-mail: neto0000@hotmail.com

Braz Dent J 19(2) 2008



98 J. M. Slva Neto et al.

MATERIAL AND METHODS
Sample Selection

The sample for this study was composed of 88
proximal surfaces obtained from 44 teeth (22 perma-
nent molars and 22 premolars; sound, with suspected
proximal caries or cavited) thad had been freshly ex-
tracted due to orthodontic or periodontal reasons. The
specimens were kept refrigerated in saline renewed
every 72 h until use. After prophylaxis with water/
pumice slurry and Robinson’s bristle brushes, a notch
was prepared with adrill on either mesial or distal side,
at the root level, in order to distinguish one proximal
surface from the other during visual inspection.

Clinical Examination

Three calibrated examiners performed thevisual
clinical examinationunder fluorescent illuminationwith
a Reflex dental focus model (Dabi-Atlante, Ribeirdo
Preto, SP, Brazil) according to the criteria proposed by
Aralijo et a. (9): sound, white spot, dark spot, white/
dark spots or cavitation. The teeth were reexamined
under the same conditions after 48 h.

Radiographic Examination

The in vitro interproximal radiographic tech-
nigue was performed with the aid of an interproximal
film-holder, which was attached to the platform of a
seriograph using a piece of transparent Scotch tape and
rubber strings to ensure that the film was positioned at
90° inrelation to the platform. The indicating cone was
placed parallel to the platform at a distance of 100 mm
from the radiographic film, as described by Versteeg et
al. (10), with the most central cone portion directed to
the film center. A Spectro 70x model x-ray unit (Dabi-
Atlante) operating at 70 KVp and 10 mA was used.

Beforethex-ray incidence, abest-exposure-time
checking test was performed to visualize the depth of
specific cariouslesionsin molarsand premolars. Expo-
sure times of 0.2, 0.3, 0.4 and 0.5 s were tested with
Ektaspeed Plus (EP-21P) films (Eastman Kodak Com-
pany, Rochester, NY, USA) that were developed in an
A/T 2000 Plus automatic processor (Air Techniques
Corp., USA). The 0.5-s exposure time was chosen.

The x-rays incidences were done by adapting a
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thin articulation wax sheet (Wilson, So Paulo, SP,
Brazil) onthebite-wing of theinterproximal film-hol der,
fixing the specimen in such a way that its long axis
remained parallel totheradiographicfilmandthecrown
turned downwards and the buccal surface remained
parallel to the x-ray unit and the roots turned upwards.

After film processing, the radiographs were
numbered with a white label and stored in a plastic
container. Theinterproximal radiographs were viewed
inadark environment with theaid of light box witha30
x 15 cm screen in bright white resin (Ableh Moldados
TermoplésticosLtda.; Magavision, Sdo Paulo, SP, Bra-
zil), whoselight waslimitedtotheradiographicfilmsize
by one board paper mask. The same 3 calibrated
examiners performed the radiographic examinations.
The criteria adopted for radiographic analysis were
similar tothose proposedin previousstudies(5,11): RO:
no visible radiolucency; R1: radiolucency in 1/2 outer
enamel; R2: Radiolucency in 1/2 inner enamel up tothe
dentinoenamel junction (DEJ); R3: Radiolucency in>1/
3 of outer dentin; R4: Radiolucency in >2/3 of outer
dentin; R5: Radiolucency throughout dentin.

Histological Examination

The tooth crowns were sectioned longitudinally
at the proximal surfaceswith awater-cooled low-speed
370-pm-thick diamond saw (Horico, Berlin, Germany)
(12) and the obtained sections were ground flat and
hand-polished on wet #150 silicon carbide paper. Next,
the proximal sections were polished with a distilled
water/pumice slurry on a glass plate, carefully washed
to remove polishing debris and the histological
exmaination was performed with an Olympus SZ-40
stereomicroscope (Olympus Inc., Melville, NY, USA)
at x40 magnification, as gold standard (7). The histol o-
gist produced the final report, attributing scores to the
sections. HO: no proximal carious lesion; H1: carious
lesionconfinedwithin 1/2 outer enamel; H2: cariouslesion
confined within 1/2 inner enamel up to the DEJ, without
reaching dentin; H3: cariouslesion reaching >1/3 of outer
dentin; H4: carious lesion reaching >2/3 of outer dentin;
H5: carious lesion reaching the whole dentin extension.

Statistical Analysis

In order to obtain the sensitivity and the specific-
ity, the results were categorized as healthy versus
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unhealthy (spotted or cavited) in the clinical examina:
tion, R1-R5 versus RO in the radiographic examination
and H1-H5 versus HO in the histol ogical examination.
The adopted histological scoreswere equivalent
to the radiographic ones for the statistical analysis
following the guidelines established for data validation
used in this research (13). Cohen's Kappa test was
employed to check the inter-examiner reproducibility.

RESULTS

Theinter-examiner reproducibility valuesregard-
ing theradiographic and clinical exams (Kappa svalue)
were 0.64 and 0.91, respectively. Data refering to the
interactions of the visual clinical, radiographic and
histological evaluationsare presentedin Tables1-4. The
average of the 3 examiners' results were considered for
theresultsof theclinical and radiographi c examinations.

Table 1. Clinical examination dataaccording to the histological examination.

99

Based onthevisual clinical examination of the88
proximal surfaces, 47.3% (n=42) were considered as
sound, while only 27.3% (n=24) were scored HO by the
histological examination. Of the 42 sound surfaces by
clinical examination, 22 were classified histologically
asH1 (n=15) or H2 (n=7). Of the 23 surfacesclassified
asH1, 15wereconsidered asclinically sound. Of the24
(27.3%) classified as HO, 20 were considered as clini-
cally sound and 4 considered as spot lesions (Table 1).

Of the 24 sound surfaces examined histologi-
cally, 23 cases were considered to be sound in the
radiographic examination and only 1 was scored as R1
based on the adopted radiographic criteria. Of the 68
surfaces classified radiographically as RO, 45 were
scored H1 to H3, with 23 cases being H1, 17 being H2
and 5 being H3. All of the 23 surfaces classified
histologically asH1 were classified radiographically as
RO, whileout of the 23 surfacesclassified histologically
asH2, 17 werescored radiographically asR0O (Table2).

Table3 showsthat the
percentageof surfacesscored

ROintheradiographic exami-

Histological Clinical examination nation was 77.3% (n= 68),
examination _ _ while the percentage of sur-
Sound  White spots Dark spots Both spots Cavited Total facesconsidered asclinically
HO 227(200 83(2 1.1 (1) 1.1(1) 273 (24) faces, 92% (n=81) wereclas-
H1 17.1(15) 6.8(6) 1.1(1) 1.1(1) 26.1 (23) sified radiographically as RO
H2 790 790D 91(®  L11(Y - 261()) and R1. The smalest per-
H3 - 3403 5.7(5) - 46(4) 136(12) centage (3.4%) of visual clini-
H4 i 11 34(3)  46(4) cal exams corresponded to
H5 - - - - 232 23(2
Total A77(42) 204(18) 182(16) 34(3)  103(9 100(88) bothtypesof spots(Table3).

Datain Table 4 were

Table2. Radiographic examination dataaccording to the histological examination.

considered asfollows: in the
clinical examination - with spot or
cavitation (disease) and sound (no dis-

Radiographicexamination

ease); intheradiographic examination -
R1to R5 (disease) and RO (no disease);

Histological andinthehistological exmaination- H1
examination RO R1 R2 R3 R4 Total to H5 (disease) and HO (no disease).
nm o %M %M %M %0 %N Table 4 shows that of the histo-
H1 26.1(29) i i i Ioglcgl.ly_ positive assessments 65.6%
H2 193(17) 6.8(6) . . . (sensitivity) wereconsidered to be spot-
H3 5.8 (5) 58(5 23(2 _ _ ted or cavited as per clinical examina-
H4 - 11(1) 11() 1.1() 11(D - tion, while of the 24 cases scored
H5 - - - - - 23(2) histologically as HO, 83.3% (specific-
Total 77.3(68) 14.8(13) 34(3) 11(1) 11(1) 23(2 ity) were considered asclinically sound.
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Regarding the results of the radiographic and
histological examinations, out of 64 cases scored histo-
logically from H1to H5, only 19 (sensitivity of 29.7%)
were scored radiographicaly from R1 to R5 and 45
(70.3%) were scored as RO. Of the 24 cases classified
as HO, 23 (specificity of 95.8%) received a RO radio-
graphic score (Table 4). The analysis of the radio-
graphic versus clinical results shows that of the 20
cases classified from R1 to R5, 18 (90.0%) were found
to be clinically healthy. Of 68 cases scored as RO, 40
(58.8%) were considered to be healthy and 28 (41.2%)
were believed to have spots or cavitation (Table 4).

DISCUSSION

Thehistological examination revealed that nearly
half of the surfaces diagnosed as clinically sound
showed incipient carious involvement at enamel level
under stereomicroscopy that had not been detected
during visual inspection. This is an indication that,

despite the diagnosis of health/disease, visual examina-
tion may not offer fully trustworthy results. Consis-
tently, the histological analysis of surfaces diagnosed
clinically asbeing diseased showed surfacealterationsin
all cases, with ahigher trend towards the emergence of
dark spotsor cavitation, confirming the pattern found by
Bille and Thylstrup (2) and Akpata et al. (14).

In the histological examination, carious lesion
depth in dentine outer third, when compared to the
clinical examination, was the deepest clinical detection
limit of white spots. On the other hand, it wastheinitial
histological limit to detect cavitation clinically, suggest-
ing that this may be the limit at which a white spot
changes into cavitation. Similar findings have been
reported elsewhere (14). Lunder and Fehr’s study (11)
showed that lesions located in the DEJ were rarely
cavited in patients with moderate caries activity. Thus,
enamel mineral hardness seemsto bean important barrier
against cavity formation. When the DEJ is reached,
however, the cavitation processis probably speeded up.

Table 3. Clinical examination dataaccording to the radiographic examination.

Radiographic Clinical examination
examination
Sound White spot  Dark spot  Both spots  Cavited Total
% (n) % (n) % (n) % (n) % (n) % (n)
RO 45.4 (40) 15.9 (14) 11.4 (10) 23(2) 23(2 77.3 (68)
R1 23(2 4.6 (4) 34(3) 11(1) 34(3) 14.8 (13)
R2 - - 34(3) - 34(3)
Total 47.3 (42) 20.4 (18) 18.2 (16) 34(3) 10.2(9) 100.0 (88)

Table4. Clinical, radiographic and histol ogical resultsfor heal th/disease assessment. Values are presented as % (n).

Clinicd exam Radiographicexam
Spot/cavitation (n=46) Sound (n=42) R1-R5 (n= 20) RO (n= 68)

Histological examresults

H1 to H5 (n= 64) 65.6 (422) 34.4 (22d) 29.7 (19a) 70.3 (45d)

HO (n= 24) 16.7 (4b) 83.3(20c) 4.2 (1b) 95.8 (23c)
Radiographicexamresults

H3 90.0 (18a) 10.0 (2d) -

H4 41.2 (28b) 58.8 (40c) -

&= Positivepredictivevalue(PV +); b=False-positive (FP); c= Negative predictivevalue(NV-); d=Fal se-negative (FN).
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When theclinical and histological findingswere
compared, it was observed that most of the cases were
located in the deeper enamel portion (9.1% of the
sample) and in dentin outer third (5.7%). However,
duringthevisual clinical examination, no cavitationwas
detected at the histol ogical enamel levels. During visual
inspection, cavitation was observed only when the
carious lesion had reached dentin. This result suggests
that clinical detection of cavitation on the proximal
surface might implicate the need of an invasive proce-
dure due to lesion depth. The location of proximal
carious lesions confers a different histological appear-
ance from that of occlusal lesions. In addition, differ-
ences in enamel prisms, enamel thickness and cavity
shape, aswell asaccessto fluorideand saliva, may slow
down or spped up caries progression rates (15).

In this study, most radiographic assessments of
the proximal surfaces did not detect carious lesion, but
thehistol ogical examination detected cariesat enamel or
at themost external third of dentin. Similar findingshave
been reported by Pitts and Rimmer (3), supporting the
ideathat interproximal radiography doesnot haveahigh
sensitivity (13). Insuch situation, Aradjoeta. (9) stated
that some caution is needed, because a more invasive
endangerment of the carious lesion may aready exist
since thiswas detected in the histological examination.

Radiographically, the proximal carious lesions
started being visualized at the level of half the inner
enamel, but only in the minority of cases (6.8%). This
suggests that radiography is not the most indicated
method to detect incipient carious lesions confined to
enamel, being moreeffectivefor lesionsthat had already
reached the DEJ. The radiographic examination had
reliable resultsin two deeper levels of dentin (H4 and
H5), indicating that, at these levels, demineralization
allows a good radiographic record of radiolucency, as
reported in a previous study (2).

Comparing the clinical and radiographic exami-
nations, it was noted that most cases (45.4%) were
classified as sound and no radiolucency was detected
radiographically. Only 2.3% of the sample showed
radiographic image suggestive of caries in enamel,
which denotes an agreement between the two methods
on the sound surfaces in amost all cases.

Asto the surfaces considered to be spotted inthe
clinical analysis, variationswere observed in theradio-
graphic examination, ranging from absence of radiolu-
cency to radiolucency at the DEJ(3.4%; corresponding

to dark spots). However, most spots were not detected
radiographically. Only the surfacesclinically diagnosed
as cavited were detected in the radiographic image, as
observed by Bille and Thylstrup (2). These findings
reinforce the importance of interproximal radiography
as an auxiliary means to diagnose proximal caries as
advocated by Hopcraft and Morgan (1), and also when
direct exam by separation with rubbers was used (11).
Theclinical examination showed twiceashigher
sensitivity than the radiographic method in thissample.
Thesedataagreewith those of Pittsand Rimmer (3) and
differed from those of Russel and PFitts (16). Some
factors, such as the use of fluoride, might have
contributed for these differences (1,4). In contrast, the
radiographic method showed higher specificity values
thantheclinical visua examination. Similar resultshave
been reported by De Vries et al. (17). Based on the
results of the present study, it may beinferred that if the
radiographic method had abetter accuracy for detection
of incipient lesions, there would be a stronger trend to
classify sound surfaces as without radiolucency, in-
creasing the specificity value, mainly inthislow-caries-
prevalence sample. In addition, the low Kappa s value
observed can be an indication of weakness of the
radiographic examination for incipient caries lesions,
reinforcing that it should be preferably used as an
auxiliary method for diagnosis of proximal caries.
Regarding sensitivity and specificity, compari-
son of the clinical and radiographic examinationsto the
histological analysis showed that surfaces diagnosed as
having radiolucencies were, in most cases, either spot-
ted or cavited. Also, cases without radiolucencies were
considered as hedlthy clinicaly in nearly 3/5 of the
sample, since alarge number of surfaceswerelablesas
caries-free or with incipient carious lesion. This sup-
portsthe statement that the radiographic examinationis
more specific than sensitive for samples with low
prevalence of caries or with incipient lesions (3,6).
Thevisua clinical examination seemsto be the
best method for diagnosis proximal caries. Interproxi-
mal radiography is a valuable auxiliary resource for
detection of deep proximal dentin carious lesions, but
does not reflect the histological aspects of enamel
caries. While white spot lesions on proximal surfaces
correspond to caries confined to enamel, dark spot
lesionscorrespondto cariesat the DEJlevel and clinica
proximal cavitation isrelated to deeper dentin caries.
Therelevanceof thisstudy relieson thefact that,
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together with the recent decline of caries disease, caries
detection hasbecomemoredifficult particularly in proxi-
mal surfaces (1). More experienced and skilled profes-
sionals are needed to assess caries development accu-
rately and understand the restorative decision-making
process. Although aready explored in the literature, this
issueisstill under discussionin several areasof Dentistry.

In addition to proximal radiography, high-tech-
nology caries detection methods with higher sensitivity
than radiography have been investigated, such as
DIAGNOdent, Ultrasound Caries Detector and Digora
(18-20). However, the sensitivity of these methods is
roughly similar tothat of radiography andthustheir still
high costs do not justify their purchasing by the clini-
cian. Despitetheavailahility of different cariesdetection
methods, none of them present high sensitivity values.
Fromtheclinical point of view, thisisanindication that
the best caries detection approach still relies on a
combination of techniquesallied to the dentist’ sknowl-
edgeand clinical judgment. In conclusion, theresults of
the present study indicate that bite-wing radiography is
not a trustworthy method for detection of proximal
incipient cariouslesion, but it can of great value for the
diagnosis of cavited cariouslesions, mainly dark spots.

RESUMO

Este estudo ex vivo comparou os exames visual e radiografico
com aandlisehistol égicano diagnésticodecérieinterproximal em
pré-molaresemolarespermanentesextraidos. Tambémfoi avaiada
arelacdo entre osaspectosclinicoseaslesdesdecérie. Paratanto,
88 superficies proximais (de 44 dentes recém-extraidos) foram
seccionadas|ongitudinal mente com um disco diamantado de 370
pm, polidas com lixas abrasivas e observadas em
estereomicroscopio com aumento de x40. A sensibilidade e
especificidade dos exames clinico e radiogréfico foram 65,6% e
83,3%, e 29,7% e 95,8%, respectivamente. O indice de Kappa
variou de 0,64 a 0,91. As manchas brancas corresponderam a
danosem esmal te, enquanto asmanchas escuras corresponderam
aprofundidade dajungéo amel o-dentinaria. Ascavitagdesclinicas
corresponderam alesdesem dentina, namai oriados casos. Concl ui-
sequeoexameradiogréficointerproximal néo éummétodo confiavel
paradescobertaclinicadelesdes de céries proximaisincipientes.
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