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What is an appropriate caries diagnosis?
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Abstract
This aim of this paper is to spur a discussion of the direction of caries-lesion detection activities in clinical dental practice. It is
argued that since the dental clinician’s caries-related decision making is a script-matching enterprise in which clinical decisions
are made on the basis of ‘this-lesion-needs-this-kind-of-treatment’ reasoning, the methods and strategies employed for caries
lesion detection should accommodate this fact. This may be done by employing a clinical visual–tactile method for caries lesion
detection that evaluates the two aspects that are crucial for appropriate caries management: lesion activity and surface integrity.
The use of diagnostic methods that do not assess these features directly but involve assumptions about activity status and
surface integrity should be avoided. This includes the use of bite-wing radiography for the detection of approximal caries
lesions, as it may be shown that plain reliance on radiographs leads to considerable overtreatment. If clinical dentistry is to
retain its status as a profession committed to doing good, changes in diagnostic practices along these lines are warranted.
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Introduction

In the course of just a few years, several conferences
have been held [1–3] and books have been written [4]
that have addressed the issue of how best to go about
diagnosing caries in various settings, which may
include daily dental practice, clinical research, epide-
miology or population oral health surveillance pro-
grammes. However, among the settings listed, the
daily dental practice setting remains the most impor-
tant since the reasons why we continue to carry out
clinical and epidemiological caries research and con-
tinue to run population oral health surveillance pro-
grammes all originate in the fundamental fact that
people, and in some populations all people, continue
to experience new dental caries lesions over time.
Dental practitioners may play a central role in helping
patients to control their caries situation, as they may
be able to observe caries lesions long before they are
sufficiently advanced to produce the symptoms that
would otherwise prompt the patient to seek treatment.
Thereby, the key ‘raison d’être’ for the dental profes-
sion, which also includes those of us who are involved
in clinical and epidemiologic research on dental

caries, is our ability to help people control their caries
situation. In most countries, the organization of the
dental healthcare services is based on the idea that the
general dental practitioner constitutes the key to the
control and management of dental caries, and it is for
this reason that any discussion of better caries diag-
nostic methods should take as their starting point
what goes on in the meeting between the patient
and their general dental practitioner.

Clarification of terms

As used here, the term ‘patient’ refers to any member
of the public who is consulting a general dental
practitioner. Patients may do so for one of two prin-
cipal reasons. The patient has either gone to have their
regular dental check-up, or they have gone because of
a tangible problem for which they seek assistance from
the dental practitioner. In the check-up situation the
patient has no perception of any dental treatment
being necessary but goes in the hope of being told
that all is well, and possibly also to receive preventive
care, which may include variable combinations of
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fluoride applications, scaling and polishing, fissure
sealants and preventive advice [5,6]. The core activity
carried out by the practitioner during the check-up
visit is a dental examination of the oral mucosa, the
periodontium and the teeth. Thereby, the check-up
visit effectively becomes an oral screening procedure
[6,7]. In the check-up situation, differential diagnos-
tic considerations play little role except for possible
mucosal lesions. When it comes to the periodontium
and the teeth, the dental practitioners know exactly
what they are looking for, and in the case of dental
caries the objects sought for are caries lesions in need
of treatment.
There is a growing recognition among researchers

in the field of dental caries diagnosis that the same
terms may have very different meanings in different
quarters [8–10]. A higher degree of precision in the
terminology used has therefore been advocated [11].
Even so, the terms used in the field of caries diagnosis
continue to be an object of confusion, and despite
several attempts to delineate their precise distinction
[1,8,9,11,12] it is not evident how all of the
terms ‘caries measurement’, ‘caries scoring’, ‘caries
detection’, ‘caries diagnosis’, ‘caries assessment’ and
‘caries monitoring’ are helpful in bringing clarity to
the field of caries diagnosis. In this review, the term
‘caries detection’ denotes the process of identifying
caries lesions in need of treatment during a clinical
examination in a general dental practice setting. The
key reasons for not using the term ‘caries diagnosis’
are that proper caries diagnoses are rarely made in
clinical dentistry [13,14] and differential diagnostic
considerations are greatly downplayed and replaced
by a pattern-recognition process [13,15].

Caries detection––caries script matching

Dental school taught us that any diligently exercised
caries examination begins with a careful visual–tactile
inspection, in which each single tooth surface in the
dentition is evaluated in a standardized and sequen-
tial manner for deviations from its normal appear-
ance with respect to colour, lustre, surface texture
and surface integrity [16]. Thereby, a single caries
examination involves the visual–tactile inspection of
up to 148 tooth surfaces in the patient. As a normal
working day in general dental practice typically
involves the examination of dozens of patients, it is
hardly surprising that this diagnostic process soon
becomes rather more automated, and that the dis-
crete differential diagnostic steps outlined above are
no longer undertaken. Instead, the caries diagnostic
process soon develops into a pattern-recognition
process, which means that each tooth surface is
scanned for its similarity to one of a finite set of
clinical patterns or caries scripts retained in the
clinician’s mind.

A caries script is a highly summarized version of the
clinician’s cumulative experience with similar clinical
presentations [13]. If, during inspection, a departure
from ‘normal’ is detected, a rapid and unconscious
review is undertaken of the dental clinician’s inven-
tory of caries scripts to establish if one of them
matches the presentation. Importantly, once a match-
ing caries script has been identified, the treatment
decision is often given by virtue of the script. Thereby,
diagnostic considerations are altogether skipped and
replaced by scripts in the form of ‘this-type-of-lesion-
needs-this-kind-of-treatment’ decisions [10,13,14],
and dentists often ‘diagnose’ lesions for treatment
using the intended treatment to identify and describe
the observation in charts and patient records [13,17].
If the observations made during clinical inspection

do not match one of the many caries scripts retained
in the clinician’s mind, the clinician is typically
prompted to collect additional information using
ancillary diagnostic devices. Unless the use of bite-
wing radiographic information is already incorporated
in the script-matching process, which may indeed
occur [18,19], the ancillary information would most
commonly be provided by the use of bite-wing radio-
graphs, although other sense-enhancing methods
might also be considered. The clinician scans the
radiographic image and uses this additional informa-
tion to improve the matching of the clinical and
radiographic presentations to one of the caries scripts.
The key question is whether our caries-related

treatment decisions inevitably result in the best deci-
sions. Unfortunately, the answer to this rhetorical
question is ‘no’. This conclusion follows from the
numerous observations that dentists vary consider-
ably in their caries detection and treatment decisions
[14,20–43] for the same teeth and the same patients.
It is just a matter of simple logic to conclude that if
two dentists disagree on the presence of a lesion on a
surface, at least one of them is wrong. Similarly, if two
dentists agree on the presence of a lesion but decide to
intervene using different treatments, it logically fol-
lows that one of them has provided a less-desirable
treatment [14,44,45]. It follows that the seemingly
simple and straightforward process of detection of
deviations from normal and the sorting of abnormal
observations into distinct ‘this-lesion-needs-this-
kind-of-treatment’ groups hides several problems
that jeopardize the value of the activity.
As shown in Figure 1, the many sources of influ-

ence on the caries-related treatment decisions made
in clinical dental practice broadly fall into two cate-
gories: the patient factors embrace the nature and
strength of signals emanating from the patient pre-
sentation, whereas the dentist factors include the
elements that form and shape the dentist’s inventory
of caries scripts. It is within the realms of dentistry to
control the dentist factors, and for reasons that will be
detailed later in this article it is high time that the
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profession embarks on this enterprise. A lot could and
should be done at the levels of dental education and
the dental faculty [10,14,44]. If the problem is to be
solved before dentists become branded as dishonest
[46] salesmen [47] who are more devoted to personal
income and leisurely living than to their professional
obligations [48], we must also address the dentists
already in clinical dental practice. By virtue of their
position these dental practitioners are strong influ-
ences for changes in the caries-related treatment
practices of the newly graduated dentist, and may
therefore easily undermine/overrule what has been
taught at dental school. Unfortunately, established
practitioners are most unlikely to change their car-
ies-detection behaviours, and it has therefore been
suggested that a single professional standard be devel-
oped that minimizes the need for subjective interpre-
tation [14]. While this proposal conflicts with the
dental professional’s implicit freedom to exercise
judgment in their work (i.e. the ‘art of dentistry’), it
is equally clear that some regulation would benefit the
interests of the public.

Finding caries lesions that match our
treatment options

Since the clinical caries examination is a lesion-
detection process involving ‘this-lesion-needs-this-
kind-of-treatment’ decisions, improvement of our
caries-related decisions must begin with an overview

of the caries-lesion treatment options that are available
to the dental clinician. Step two involves the matching
of these treatment options to the different types of
caries lesions that may be encountered in the clinic.
Broadly speaking, the caries-lesion treatment arma-

mentarium comprises two distinct forms of treatment:
operative and non-operative treatment. While it is
recognized that each of these options involves a myr-
iad of alternatives and choices regarding agents and
materials, techniques and methods and frequency and
dosage, it is also clear that the treatment-decision
principles that emanate from these two forms are
very simple. Hence, it is generally agreed that a
cavitated caries lesion necessitates the insertion of a
restoration, the purpose of which is to make the tooth
surface amenable to cleansing and to protect the
pulpo–dentinal complex [49]. Since cavitated caries
lesions may indeed be arrested if they are located in
surfaces that are accessible for daily oral hygiene
procedures [50,51], the dental clinician may well
choose the non-operative treatment route for the
motivated patient. Restoring non-cavitated lesions
is considered inappropriate since such lesions may
be arrested using non-operative procedures [52,53].
Non-cavitated lesions comprise two forms: the
arrested and the active caries lesion. There is clearly
no reason to institute professional treatment of the
arrested caries lesion, whereas it is exceedingly impor-
tant to be able to control the active non-cavitated
caries lesion by non-operative intervention because of
an otherwise poor prognosis [54].

Figure 1. Conceptual model explaining how dentists make caries-related treatment decisions. Adapted from Bader & Shugars [14].
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The caries-lesion detection process is therefore a
matter of detecting caries lesions that match one of
these two basic treatment options, and this involves
the distinction of cavitated lesions, non-cavitated
active lesions and arrested (cavitated and non-
cavitated) lesions from the normal appearance of
the tooth surface. Only the visual–tactile caries-lesion
detection method can achieve this directly. The use of
any other caries-lesion detection methods involves
assumptions, because these methods are based on
physical principles that do not adequately reflect
the decisive issues of surface integrity and lesion-
activity status. For example, the information provided
by bite-wing radiography relates to lesion depth, but
there is no unequivocal link between radiographic
lesion depth and lesion characteristics in terms of
surface integrity, and the bite-wing radiograph pro-
vides no information whatsoever related to caries-
lesion activity status [55]. The widely held idea that
a radiographic lesion extending into dentine is an
indication of lesion cavitation has been largely under-
mined by research in the field [40,56–65], but
remains deeply ingrained in the minds of most
dental clinicians. It is equally clear that bite-wing
radiographs fail to disclose early caries lesions
[62,66–70], i.e. precisely those lesions that are ame-
nable to non-operative caries-lesion control. In spite
of these reservations, caries-lesion detection in clinical
dental practice continues to be based on a combina-
tion of (at least) two diagnostic tests: the visual–tactile
examination and the bite-wing radiographic
examination.

Value of the caries diagnostic test

The value of the caries diagnostic test has most
commonly been evaluated by assessing its criterion
validity, i.e. by comparing the test result to a histo-
logical ‘gold standard’ [71,72] thought to represent
the caries diagnostic ‘truth’. However, the de- and
remineralization processes involved in caries-lesion
formation are dynamic and as long as the resulting

net mineral gains or losses stay within limits that do
not result in clinically discernible lesion formation or
jeopardize the integrity of the tooth, we need not be
concerned [10,73]. Moreover, the dynamic nature of
the de- and remineralization processes has the addi-
tional effect of rendering the ‘true’ state rather elusive
with respect to mineral loss, and the search for a caries
diagnostic ‘truth’ therefore makes little sense [10,73].
Despite the frequent statement that bite-wing

radiographs are valuable for caries diagnosis [74] a
simple example will reveal how wrong this perception
may be. A systematic review [75] concluded that the
sensitivity and specificity values for bite-wing radiog-
raphy in the detection of approximal cavities were
0.66 and 0.95, respectively. Depending on the true,
but unknown, prevalence of approximal cavitated
caries lesions in the population, the bite-wing radio-
graphic test yields the results shown in Table I. Using
the 1% true cavity prevalence as the example, and
assuming that the dental clinician decides to restore
all the bite-wing radiography-positive surfaces, it may
be calculated that a total of 561 (66+495) surfaces will
be restored. Among these restored surfaces, 495
(88%) have been unnecessarily restored, i.e. they
represent overtreatment. Considering the true cavi-
ties, on the other hand, 34 (34%) will remain undi-
agnosed and thereby undertreated. The total number
of decisional errors made amounts to 529 (34+495),
and the main result of using bite-wing radiographs for
approximal cavity detection is a considerably invasive
overtreatment owing chiefly to the less-than-perfect
specificity value of 0.95.
The visual–tactile examination has also been eval-

uated in terms of its diagnostic sensitivity and spec-
ificity for the detection of approximal cavities, yielding
a sensitivity of 0.52 and a specificity of 0.98 [71]. As
shown in Table II, the number of diagnostic errors is
much smaller than for bite-wing radiographs, owing
to the slightly higher specificity. Using once again the
1% true cavity prevalence to highlight the results, the
Table shows that 250 (52+198) bite-wing radiogra-
phy-positive surfaces will be restored, although 198
(79%) of these surfaces have been overtreated. A total

Table I. Diagnostic results obtained when applying bitewing radiography (BW) for the detection of approximal cavities in a population of
10,000 approximal surfaces. Given for different values of the true, but unknown, prevalence of approximal cavitation. Sensitivity = 66%,
specificity = 95% [71].

Cavity
prevalence
(n = 10,000) (%)

No. of
BW+
cavities

No. of
BW–

cavities

Total
no. of
cavities

No. of
BW+
intact

surfaces

No. of
BW–

intact
surfaces

Total
no. of
intact

surfaces

0.1 6.6 3.4 10 585 9405 9990

0.5 33 17 50 497 9453 9950

1 66 34 100 495 9405 9900

2.5 165 85 250 487 9263 9750

5 330 170 500 475 9025 9500

68 V. Baelum

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
on

 0
4/

27
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



of 48 cavities (48%) will remain undiagnosed and thus
undertreated, but the total number of decisional
errors amounts to 246 (48+198) and is therefore
less than half of the errors committed using the
bite-wing radiographs.
The results shown in Tables I and II also demon-

strate how misleading is the concept of diagnostic
yield. The all-pervading argument in favour of the use
of bite-wing radiography for the detection of caries
lesions is that thereby more lesions can be detected
[10], and it is implicit that the additional lesions
detected are real lesions that would have gone un-
detected had bite-wing radiographs not been used
[74,76]. However, as shown in Tables I and II, the
additional cavitated lesions detected by bite-wing
radiography are largely lesions that are not truly
present, i.e. false-positive diagnoses. In fact, consid-
ering once again the 1% true cavity prevalence exam-
ple, the tally shows that bite-wing radiographs lead to
correct detection of an additional 14 cavities com-
pared with the visual–tactile examination, but this
occurs at the expense of the additional ‘detection’
of 297 non-existing cavities. Thereby, for each true
cavity that has been ‘saved’ from the perils of going
undetected, 21 intact surfaces must suffer the rather
deleterious restorative consequences of false cavity
detection.
Bite-wing radiographs are usually used as an ancil-

lary diagnostic procedure to the visual–tactile clinical
examination, but to the best of my knowledge no
studies have looked at the effect of combining test
procedures on the treatment decisions made. How-
ever, a recent study explored the effects of two dif-
ferent diagnostic strategies in a context conforming
with the script-matching caries-detection process
[77]. Following a visual examination of each of 96
occlusal surfaces that presented without frank cavita-
tion, each of three examiners was asked to choose
between three treatment options: no treatment; non-
operative treatment; or operative treatment for each
surface. Four weeks later, this procedure was
repeated, but this time the examiners had access to
the test results from four ancillary tests: bitewing

radiographs, electric conductance measurement,
quantitative light fluorescence and laser fluorescence.
The availability of additional diagnostic information
led to a substantial increase in invasive treatment
recommendations, considerably more overtreatment
and a reduced frequency of correct treatment recom-
mendations [77].
While it may seem counterintuitive to many people

that the use of more diagnostic tests does not neces-
sarily lead to better decisions, the phenomenon is
intimately linked with the suboptimal reliability and
reproducibility of each diagnostic test [40,78]. When
tests are added to each other, each of which has a low,
but certainly discernible, error probability, the inev-
itable result is that more diagnostic and hence deci-
sional errors will be made. This simple truth was
pointed out by Murphy [79], who noted that when-
ever diagnostic tests are imperfect (i.e. having less
than 100% sensitivity, specificity and reliability), a
healthy person is just someone who has not been
sufficiently tested. In the dental clinical scenario,
multiple testing occurs either as described above,
i.e. when several diagnostic tests are applied during
the same clinical session, or when a single diagnostic
test is applied over a number of consecutive sessions,
i.e. semi-annually or annually, as is common practice
for patients participating in routine recall/check-up
schemes. It is thus a fact that the regular recall/routine
dental attendance rates are rather high in many popu-
lations [80–89]. In Sweden, 90–95% of adults visit a
dentist regularly, and since the 1980s > 80% of
appointments have been given at the dentist’s
initiative [80].

Regular dental check-ups––inevitably a good
thing to have?

Having regular check-up visits or participating in
routine recall programmes should be understood
and recognized as participation in regular screening
programmes. The principles underlying a screening
programme for dental caries are illustrated in

Table II. Diagnostic results obtained when applying visual–tactile (VT) methods for the detection of approximal cavities in a population of
10,000 approximal surfaces. Given for different values of the true, but unknown, prevalence of approximal cavitation. Sensitivity = 52%,
specificity = 98% [71].

Cavity
prevalence
(n = 10,000) (%)

No. of
VT+

cavities

No. of
VT–

cavities

Total
no. of
cavities

No. of
VT+
intact

surfaces

No. of
VT–
intact

surfaces

Total
no. of
intact

surfaces

0.1 5.2 4.8 10 200 9790 9990

0.5 26 24 50 199 9751 9950

1 52 48 100 198 9702 9900

2.5 130 120 250 195 9555 9750

5 260 240 500 190 9310 9500
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Figure 2. It is only for illustrative purposes that the
unit considered here is the tooth, and the principles
can easily be integrated to cover subjects or popula-
tions, just as events to avoid other than tooth
extraction may be considered. In fact, in many con-
temporary populations a much more relevant event to
avoid would be the first insertion of a restoration. The
idea outlined in Figure 2 is that caries lesions can be
detected by a dental professional during a routine
check-up visit long before the patient would otherwise
have noted the lesion. Thereby, the dental profes-
sional may institute a treatment of the lesion that may
result in increased longevity of the tooth compared
with the no-screening situation. However, as Figure 2
clearly shows, earlier detection of the caries lesion is
not associated with a benefit to the patient unless the
treatment that is instituted leads to postponed tooth
extraction (or any other event to avoid). This means
that the observation of a longer ‘survival time’ cannot
be taken as evidence of a beneficial effect, but merely
reflects the earlier detection of the lesion, a phenom-
enon called lead-time bias [90].
The claims of benefit made when the dental pro-

fession advocates regular dental check-ups can chiefly
be described as better oral health conditions (than
would have been the case had regular dental check-
ups not been carried out). In this context it is note-
worthy that the evidence for a beneficial effect of such
regular dental check-ups is missing [6,91–93]. The
problem is not a lack of studies, but a lack of studies
with an appropriate study design. It is thus not dif-
ficult to find observational studies that report an
association between regular dental attendance and
better oral health conditions [81–83,94,95]. How-
ever, it is exceedingly difficult to control the biases

inherent in such observational studies [6] and the
unequivocal evidence should come from high-quality
randomized controlled clinical trials. However, such
trials are largely missing [6,91,92].
There can be little doubt that dental professionals

thrive on the existence of routine dental recall pro-
grammes. Moreover, the rather high routine recall
attendance rates observed in many countries could be
taken to indicate that check-ups are generally very well
accepted and considered beneficial by the public, and
a layperson might really wonder how could such
regular dental check-ups not be beneficial when
they are so strongly advocated by dental professionals?
However, what the layperson does not perceive––
because no-one tells them––is that like any other
screening programme, the routine recall or regular
check-up dental screening programme may also cause
harm. Moreover, the layperson does not know that a
profound belief exists throughout the health profes-
sions that early (or earlier) disease detection inargu-
ably provides benefits to the screened populations [7].
This professional belief is so profound that screening
programmes, such as those for breast cancer, have
been launched in many countries in the absence of
clear evidence of their beneficial effects [96]. Profes-
sionals tend to adopt a paternalistic “we know what is
good for you” attitude and may greatly downplay the
harmful effects of screening in the information mate-
rials that should allow people to decide whether or not
to attend based on informed consent [97,98]. In
breast cancer screening, it has thus been estimated
that if 2000 women are screened regularly for 10 years,
one woman will have her life prolonged as a result
(that is, she will avoid dying from breast cancer, but
may die from other causes), whereas another 10

Figure 2. The principles underlining screening: three possible scenarios depending on earlier disease detection and treatment effect.
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healthy women will experience harm in the form of
unnecessary breast surgery and radiotherapy [96]. In
addition, about 200 women (i.e. 10%) are at risk of
considerable and sustained psychological distress
because they will receive a false-positive breast cancer
diagnosis [99,100]. Paradoxically, in the absence of
balanced and adequate information given to the per-
son before they decide whether to attend a screening
examination, the screened person will react positively
to the screening, irrespective of the outcome. The
person who was screened negative is happy to know
that they are disease-negative (even though this could
be a false-negative observation); the person who was
screened positive, but in subsequent more detailed
tests found to be negative, is relieved again after a
period of worry; and the person who was confirmed
disease-positive is happy because they have been
operated on and saved from a much worse fate
(even though this may have been a false-positive
diagnosis). This merely shows that in the absence
of a fair and balanced account of the benefits and
harms of the screening procedure, the population
uptake of a screening programme should not be
used as an argument for that programme.
Whilst dental caries is in no way comparable to

breast cancer, whether as a public health problem or
as a personal problem for those affected, the breast
cancer example highlights the issues of benefits and
harms that should be addressed in any screening
programme, including dental routine recall screening
programmes. Moreover, in order that members of the
public can make informed choices about whether to
participate in screening/routine recall programmes or
not it is crucial to be open and fair about the intended
as well as unintended consequences of participation in
the recall programme. If the dental profession is to
retain its status as a profession, it is mandatory that it
is perceived by the public as being strongly committed
to the hallmarks of professionalism, and as clearly
denouncing commercialism as a motive.

Patient autonomy and dental professionalism

The high adherence to routine recall visits in the form
of annual or biannual dental screening visits may pose
a problem from the public’s point of view if these
screening visits are unnecessary or if the visits are used
for selfish professional advantage, e.g. by prescribing
unnecessary treatments, which may impair prognosis
[101–103], or by ordering unnecessary diagnostic
procedures for which the patient must pay. While
the patient may to some extent retain control over
their demand for the dental services, i.e. the number
of dental visits made, by deciding whether to book or
honour an appointment or not, it is also clear that they
stand much less chance of maintaining control over
their utilization, i.e. the costs per visit, once sat in the

dental chair. Patients lack the appropriate knowledge
and expertise needed to allow them to review their
dentist and objectively assess the necessity for and the
quality of the work provided [104,105], and this
opens the possibility for the dentist to exercise sup-
plier inducement [106–109]. Hence, the evidence
shows that dentists are indeed able to control both
the demand for [106,108] and the utilization of dental
services [106–110]. The public has no choice but to
trust that the dentist is not driven by selfish motives
when advising and counselling them, and such trust is
indeed the centrepiece of the social contract between
dentistry and society that has granted dentistry the
status of a profession [104,111]. This social contract
with society implies that the professionals profess a
commitment to competence, integrity and morality,
altruism and promotion of the public good within
their competence domain [104,105,112–114]. In
return, the profession is granted monopoly over the
use of its knowledge base in the form of autonomy in
practice and self-regulation privileges [112,114].
Dentistry can maintain its status as a profession as

long as the public trusts that dentists work for the
good of the public and refrain from exploiting their
monopoly and the vulnerability of the patients [105].
It is equally clear, however, that a conflict of interests
exists between the public and the dentists by virtue of
the fact that dentists generate their personal income
from the services provided to the public. From an
income-generation point of view, dentists who work
under a fee-for-service reimbursement system have a
vested economic interest in providing more services
per patient [105], and the possibility to over-service
patients is clearly present. Hence, while each single
patient may not pay too much attention to the addi-
tion of a diagnostic service to the bill, the dentist is
clearly knowledgeable about the implications of so
doing for their own revenue.
In recent years, increasing concern has been voiced

that dentistry is losing its status as a profession
and is changing to become a for-profit enterprise
[46–48,115]. Dentistry seems to be increasingly uti-
lizing its monopolistic position to exercise commer-
cialism, and from the point of view of continued
public trust in the value of attending the dentist,
and participating in regular check-up/routine recall
screening programmes, such a change is clearly deeply
problematic. Moreover, elective treatments such as
cosmetic interventions constitute an increasing pro-
portion of the total volume of dental services provided,
but they cannot be considered indicated from a dental
health perspective. This intermingling of aesthetic
problems with oral health problems poses yet another
threat to the status of the dental profession [104].
The rise of commercialism in healthcare and the

formation of a healthcare marketplace is not reserved
for dentistry, but has been noted in other fields. As an
example, Hafferty [116] described the pervasiveness
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of medical commercialism by stating that “medicine’s
traditional ‘one or two bad apples’ has morphed into a
megaorchard of physician clinicians and researchers,
brimming with commercial proclivities, penchants,
and practices” [116]. Such developments clearly
pose a threat to the survival of the core professional
privileges, which include discretionary decision mak-
ing, occupational autonomy and the right to control
recruitment, training and credentialing of new profes-
sionals. It is thus not difficult to imagine what could
be termed a bureaucratic response (Table III) to the
onwards march of commercialism within the health
professions, in the form of more rules and regulations
and codes of conduct and ethics being imposed by the
state or insurance companies, i.e. outside the profes-
sion. Hence, one of the virtues of the bureaucracy is
its ability to serve as a corrective to inappropriate and
irresponsible discretion (Table III). Noting that
the heart of what professionalism must defend is
the economic privilege that follows from pro-
fessionalism’s monopoly over its knowledge base,
Freidson [117] predicted that unless current trends
are opposed, the professionals are on a course of
changing into neutral technical experts serving the
needs of state and capital, which will increasingly
gain control over performance and costs. Both
Hafferty [116] and Freidson [117] noted how the
“conspicuous absence of activities conscientiously
enforcing professional codes of ethics” has

contributed to the vulnerability of the healthcare
professions to attacks, and they conclude that the
core of professionalism is the devotion to use disci-
plined knowledge for the public good.
The status of a profession is delegated to a disci-

pline by the state or by capital [117] and is not an
attribute that can be achieved unless the state or
capital is convinced that the discipline is of special
value to the public at large or to an important interest
of the state. This delegation is entirely based on trust.
Freidson [117] thus noted that “if professionalism is
to be reasserted and regain some of its influence, it
must not only elaborate and refine its codes of ethics
but also strengthen its methods of adjudicating and
correcting their violation”. This is a call for particular
reinforcement of the institutional ethics, i.e. those
ethics dealing with the economic, political, social
and ideological circumstances that create many of
the moral problems of work. If, therefore, dentistry
is to survive as a profession, the dental associations
have a vested interest in organizing a disciplinary
dental practice that exercises responsible and
accountable discretion in their decisions, which
should be based on evidence. Systems should be
devised to vigorously enforce the detailed codes of
practice ethics, and dental associations should be seen
by the public to take serious action whenever the
privileged position of dental practitioners is abused
for selfish purposes. Durkheim saw the professions as

Table III. Distinguishing characteristics of three ideal-type models that regulate provider–client relationships: commercialism, bureaucracy
and professionalism [117].

Commercialism (Adam Smith) Bureaucracy (Max Weber) Professionalism (Eliot Freidson)

Prototype characteristics Free market Civil service organizations Professions, e.g. law, medicine,
dentistry

Type of market Full competition – Monopoly

Purpose Profit maximization For the public good For the public good

Efficiency High Moderate Moderate

Public prestige Low Moderate High

Flexibility and
responsiveness

High Moderate Low

Organization of work Perfect freedom Hierarchy, lines of authority
Standardization of procedures

Discretionary judgment, based on
abstract theory/concepts, even with
manual tasks

Labour market characteristics

Port of entry Open Personnel office (regulated) Practice institution (closed)

Entry requirements Consumer choices Formal job description, by position Training credentials

Typical career-line Disorderly, irregular Regular, vertical within firm Horizontal, across firms

Predominant knowledge Everyday Variable by position, firm-specific Discretionary, transferable

Consumer/client control

Degree of control Full consumer control No consumer control, control
exercised by managers

No consumer control, control
exercised by professionals

Autonomy Consumer autonomy in assessment
of utility of goods and services

Moderate client autonomy in
utility assessment

No consumer autonomy in
utility assessment
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the ideal organs for preventing the powerful “from
tyrannizing over individuals” [118]. However, the
dental profession needs to reassure the public that
it is not a cat set among pigeons.

Caries detection in a changing disease
panorama

Current developments in oral disease patterns offer an
opportunity to test the dental profession’s ability to
exercise appropriate and responsible discretion.
Hence, the epidemiological evidence is overwhelming
that the population prevalence, extent and severity of
dental caries have declined significantly over past
decades, not only in most populations but also in
very diverse populations [119–164]. Although the
decline has been particularly well documented among
children in the high-income populations, the decline
is also observed in moderate- and low-income coun-
tries, and has clearly also trickled into the adult
population groups as well. Concomitant with the
caries decline, a considerable improvement has
been noted in tooth retention among the older age
groups, where tooth loss used to be pronounced.
The data presented by Hugoson et al. [165] from

the repeated cross-sectional epidemiological studies
carried out in Jönköping, Sweden since 1973 may be
used to illustrate how these changes have affected the
‘average’ dental patient in terms of their caries profile.
In Figure 3, the mean dft/DFT counts observed
among the Jönköping population have been adjusted
to represent all persons rather than dentate persons
only. Thereby, the Figure illustrates that, over recent
decades, the age at which the dft/DFT experience
peaks has moved upwards from 30 years in 1973 to
60 years in 2003. Moreover, the peak dft/DFT

experience has declined since the maximum was
reached by the 40-year-olds in 1983 (Figure 3).
The average dft/DFT experience has shown a steady
decline since 1973 among the 10-, 20- and 30-year-
olds, whereas the 40- and 50-year-olds show a mixed
picture, with caries increases in the early part of the
period followed by declines in the later survey years.
Among the 60-, 70- and 80-year-olds a gradual
increase in the DFT experience is noted (Figure 3),
which is paralleled by the increasing tooth retention
among these age groups (Figure 4). The cross-
sectional epidemiological data presented by Hugoson
and co-workers [161,165] thus serve to demonstrate
that not only has the caries incidence rate (the number
of new lesions per year) decreased substantially,
but so has the caries progression rate, and in
2003, 80–90% of all caries lesions observed among
the 3–20-year-olds were ‘initial’ lesions, i.e. non-
cavitated caries lesions [165].
The improvements are dramatic and widespread,

and it would seem prudent to keep a watchful eye on
the extent to which these changes are paralleled by
appropriate changes in the dental services rendered to
the public. It would thus seem obvious that such
dramatic changes should have profound implications
for our caries-related clinical decisions. Dentists who
wish to subscribe to appropriate dentistry and pro-
fessionalism will fight their inherent temptation to
respond to a biological problem using traditional
technical solutions [44], and will increasingly turn
in the direction of the non-operative caries manage-
ment procedures. ‘Pre-emptive strikes’ in the form of
operative (restorative) treatment given to caries
lesions for which cavitation status, let alone activity
status, is not clinically verified and is only assumed
from ancillary diagnostic test results should no longer
be regarded as appropriate caries management. The

Figure 3. Development over three decades in the dft/DFT counts
among Swedes aged 10–80 years. Data from Hugoson et al. [165].

Figure 4. Development over three decades in the number of natural
teeth present among Swedes aged 10–80 years. Data from Hugoson
et al. [165].
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substantially lower caries incidence and progression
rates that increasingly characterize the populations
imply that restorative treatment decisions should
gradually be erased from the dental clinician’s
caries-controlling armamentarium.
Very little is known about general dental practi-

tioners’ responses to the considerable decline in den-
tal caries that has been going on for nearly half a
century. However, it is known from both Norway and
Denmark that caries-related treatment practices have
changed dramatically among dentists employed in the
public dental services [166,167]. In Norway, the
restorative treatment propensity in 1996 was only
16% of what it had been in 1979 [166] (Figure 5),
and in Denmark the restorative treatment propensity

in 1984–85 was only 17% of what it had been only
6 years before [167] (Figure 6). In the Danish study
these changes were seen as partly resulting from the
acknowledgment of slower caries progression rates
and a more sceptical attitude towards the results of
filling therapy [167], whereas the tentative explana-
tion in the Norwegian study also included a higher
dentist workload resulting in non-operative treat-
ments being preferred over operative treatments
[166]. It is clear, however, that the responsiveness
demonstrated here for public dental services may well
have been countered in private dental service settings
by the wish to maintain a high income for a reasonable
number of working hours. The fact is that dentistry
may have arrived at a crossroads. The profession may
choose the commercial way, in which case the public
must be appropriately informed that dentistry is a for-
profit enterprise; or it can choose the professional
healthcare-oriented way and respond adequately
and ethically to the altered population disease profiles.
This involves acceptance that fewer dental services are
needed for current users and that more concern be
devoted to the underprivileged with whom the major
disease burdens will rest in the future [168].

Concluding remarks

Since the early caries lesions that are amenable to
non-operative caries treatment are much better
detected by means of the visual–tactile examination
than by bite-wing radiography [68,169], it would
seem timely for the dental profession to place greater
reliance on the results of a diligently exercised clinical
visual–tactile caries examination and begin phasing
out the use of bite-wing radiographs and other ancil-
lary and assumption-ridden diagnostic methods for
the detection of ‘additional’ caries lesions. The visual–
tactile caries examination is the centrepiece for the
identification of caries lesions that are amenable to
treatment based on biologically sound principles,
which call for assessment of lesion activity and surface
integrity.
The International Caries Detection and Assess-

ment System (ICDAS), which is advertised by
some as the new common denominator for modern
caries diagnosis in both clinical and research settings
[4], is clearly marked by its origin as a tool primarily
for researchers and epidemiologists [170]. As such it
does not seem to suit the needs of clinicians partic-
ularly well. The caries lesion classification employed
by ICDAS does not corroborate the script-matching
‘this-type-of-lesion-needs-this-kind-of-treatment’
type of decision making used by dental clinicians [13],
and does not consider lesion-activity assessment.
Moreover, to achieve lesion-activity assessment in
the ICDAS system, points must be assigned to the
caries lesion scores based on assessment of plaque

Figure 6. Changes in the propensity of dentists in the Danish
Dental Public Service to restore approximal surfaces among
17-year-olds as a function of the radiographic finding and the
year of examination. Data from Heidmann et al. [167]

Figure 5. Changes in the propensity of dentists in the Norwegian
Dental Public Service to restore approximal surfaces among
15-year-olds as a function of the radiographic finding and the
year of examination. Data from Gimmestad et al. [166].
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stagnation characteristics and surface texture, and the
total number of points is used to determine the
activity status [171,172]. From a strictly procedural
point of view this caries-lesion detection system there-
fore seems to have limited applicability in a dental
practice setting, where countless caries-related scripts
are matched on a daily basis.
Since appropriate caries treatment selection simply

necessitates a distinction between active and arrested,
and between cavitated and non-cavitated caries
lesions, the criteria employed in the visual–tactile
caries examination should focus on two aspects: activ-
ity status and cavitation status. In this respect, the
Nyvad criteria [78,173] are clearly best suited for use
in clinical dental practice settings. They are simple to
use and provide a direct link between the best treat-
ment options available and the clinical presentation of
the lesion in question. Thereby, these criteria fit well
with the script-matching procedure used daily by
dental clinicians worldwide to make clinical caries-
related treatment decisions.
Much continues to be written about the relative

merits of various caries diagnostic approaches in
terms of their validity and reliability/reproducibility
profiles. However, at the end of the day the best caries
diagnostic test is that which results in the best long-
term oral health outcomes for the patients. This
means that it is not sensible to attempt to separate
diagnostic decisions from treatment interventions,
because it is the treatments and not the diagnostic
procedures that can make our patients fare better than
they would have done under different circumstances.
Thereby, the ‘gold standard’ test for caries diagnostic
methods is the randomized controlled clinical trial,
because this is the only type of investigation that can
validly provide the answer to the crucial question:
which method of detecting caries lesions for treatment
provides the best long-term oral health outcomes for
our patients?

Acknowledgements

The author thankfully acknowledges the receipt of the
2009 Acta Odontologica Scandinavica award for an
excellent contribution to dental research. Professor
Bente Nyvad is gratefully thanked for her thoughtful
comments on the manuscript.

References

[1] Pitts NB, Stamm JW. International consensus workshop on
caries clinical trials (ICW-CCT)–-final consensus statements:
agreeing where the evidence leads. J Dent Res 2004;83:
C125–8.

[2] Nyvad B, ten Cate JM, Robinson C. Cariology in the 21st
century. State of the art and future perspectives. Caries Res
2004;38:167–329.

[3] Horowitz AM. A report on the NIH consensus development
conference on diagnosis and management of dental caries
throughout life. J Dent Res 2004;83:C15–17.

[4] Pitts N, editorDetection, assessment, diagnosis and monitor-
ing of caries. Basle, Switzerland: Karger; 2009.

[5] Frame PS, Sawai R, Bowen WH, Meyerowitz C. Preventive
dentistry: Practitioners’ recommendations for low-risk
patients compared with scientific evidence and practice guide-
lines. Am J Prev Med 2000;18:159–62.

[6] Beirne PV, Clarkson JE, Worthington HVRecall intervals for
oral health in primary care patients. Cochrane Database Syst
Rev 2007;(4):CD004346.

[7] Deep P. Screening for common oral diseases. J Can Dent
Assoc 2000;66:298–9.

[8] Pitts NB.Modern concepts of caries measurement. J Dent Res
2004;83:C43–7.

[9] Nyvad B. Diagnosis versus detection of caries. Caries Res
2004;38:192–8.

[10] Baelum V, Heidmann J, Nyvad B. Dental caries paradigms in
diagnosis and diagnostic research. Eur J Oral Sci
2006;114:263–77.

[11] Longbottom C, Huysmans M-C, Pitts NB, Fontana M. Glos-
sary of key terms. Monogr Oral Sci 2009;21:209–16.

[12] Pitts NB. Implementation. Improving caries detection, assess-
ment, diagnosis and monitoring. Monogr Oral Sci
2009;21:199–208.

[13] Bader JD, Shugars DA. What do we know about how dentists
make caries-related treatment decisions? Commun Dent Oral
Epidemiol 1997;25:97–103.

[14] Bader JD, Shugars DAVariation in clinical decision making
related to caries. In: Fejerskov O, Kidd E, editors. Dental
caries. The disease and its clinical management, 2nd edn.
Oxford, UK: Blackwell Munksgaard; 2008. p. 556–74.

[15] Maupomé G, Sheiham A. Clinical decision-making in restor-
ative dentistry. Content-analysis of diagnostic thinking pro-
cesses and concurrent concepts used in an educational
environment. Eur J Dent Educ 2000;4:143–52.

[16] Nyvad B, Fejerskov O, Baelum VVisual-tactile caries diagno-
sis. In: Fejerskov O, Kidd E, editors. Dental caries. The
disease and its clinical management, 2nd edn. Oxford, UK:
Blackwell Munksgaard; 2008. p. 49–68.

[17] Bader JD, Shugars DA. Need for change in standards of caries
diagnosis–-epidemiology and health services research perspec-
tive. J Dent Educ 1993;57:415–21.

[18] Swan ESC, Lewis DW. Ontario dentists: 1. Radiologic prac-
tices and opinions. J Can Dent Assoc 1993;59:62–7.

[19] Frame PS, Sawai R, Bowen WH, Meyerowitz CPreventive
dentistry: practitioners’ recommendations for low-risk
patients compared with scientific evidence and practice guide-
lines. Am J Prev Med 2000;18:159–62.

[20] Mileman P, Purdell-Lewis D, van der Weele L. Variation in
radiographic caries diagnosis and treatment decisions among
university teachers. Commun Dent Oral Epidemiol
1982;10:329–34.

[21] Mileman PA, van den Hout WB. Comparing the accuracy of
Dutch dentists and dental students in the radiographic diag-
nosis of dentinal caries. Dentomaxillofac Radiol 2002;31:7–14.

[22] Rytömaa I, Järvinen V, Järvinen J. Variation in caries recording
and restorative treatment plan among university teachers.
Commun Dent Oral Epidemiol 1979;7:335–9.

[23] Rosen B, Birkhed D, Nilsson K, Olavi G, Egelberg J. Repro-
ducibility of clinical caries diagnoses on coronal and root
surfaces. Caries Res 1996;30:1–7.

[24] Ekstrand KR, Ricketts DNJ, Longbottom C, Pitts NB. Visual
and tactile assessment of arrested initial enamel carious
lesions: an in vivo pilot study. Caries Res 2005;39:173–7.

[25] Lazarchik DA, Firestone AR, Heaven TJ, Filler SJ, Lussi A.
Radiographic evaluation of occlusal caries: effect of training
and experience. Caries Res 1995;29:355–8.

Appropriate caries diagnosis 75

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
on

 0
4/

27
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



[26] Noar SJ, Smith BG. Diagnosis of caries and treatment deci-
sions in approximal surfaces of posterior teeth in vitro. J Oral
Rehabil 1990;17:209–18.

[27] Thomas CC, Land MF, Albin-Wilson SM, Stewart GP.
Caries detection accuracy by multiple clinicians and techni-
ques. Gen Dent 2000;48:334–8.

[28] Ermis RB, Aydin U. Examiner agreement in the replacement
decision of Class I amalgam restorations. J Contemp Dent
Pract 2004;15:81–92.

[29] Setcos JC, Khosrave R, Wilson NH, Shen C, Yang M,
Mjör IA. Repair or replacement of amalgam restorations:
decisions at a USA and a UK dental school. Oper Dent
2004;29:392–7.

[30] Bader JD, Shugars DA. Agreement among dentists’ recom-
mendations for restorative treatment. J Dent Res
1993;72:891–6.

[31] Bader JD, Shugars DA. Variation in dentists’ clinical deci-
sions. J Publ Health Dent 1995;55:181–8.

[32] Bader JD, Shugars DA. Variation, treatment outcomes, and
practice guidelines in dental practice. J Dent Educ
1995;59:61–95.

[33] Espelid I, Tveit AB, Fjelltveit A. Variations among dentists in
radiographic detection of occlusal caries. Caries Res
1994;28:169–75.

[34] Espelid I, Tveit AB, Mejare I, Sundberg H, Hallonsten A-L.
Restorative treatment decisions on occlusal caries in Scandi-
navia. Acta Odontol Scand 2001;59:21–7.

[35] Espelid I, Tveit AB. Radiographic diagnosis of mineral loss in
approximal enamel. Caries Res 1984;18:141–8.

[36] Espelid I. Radiographic diagnoses and treatment decisions on
approximal caries. Commun Dent Oral Epidemiol 1986;14:
265–70.

[37] Espelid I, Tveit AB, Riordan PJ. Radiographic caries diagnosis
by clinicians in Norway and Western Australia. Commun
Dent Oral Epidemiol 1994;22:214–19.

[38] Doméjean-Orliaguet S, Tubert-Jeannin S, Riordan PJ,
Espelid I, Tveit AB. French dentists’ restorative treatment
decisions. Oral Health Prev Dent 2004;2:125–31.

[39] Espelid I, Tveit AB. A comparison of radiographic occlusal
and approximal caries diagnoses made by 240 dentists. Acta
Odontol Scand 2001;59:285–9.

[40] Hintze H, Wenzel A, Danielsen B, Nyvad B. Reliability of
visual examination, fibre-optic transillumination, and bite-
wing radiography, and reproducibility of direct visual exam-
ination following tooth separation for the identification of
cavitated carious lesions in contacting approximal surfaces.
Caries Res 1998;32:204–9.

[41] Kay EJ, Nuttall NM, Knill-Jones R. Restorative treatment
thresholds and agreement in treatment decision-making.
Commun Dent Oral Epidemiol 1992;20:265–8.

[42] Kay EJ, Nuttall NM. Relationship between dentists’ treatment
attitudes and restorative decisions made on the basis of
simulated bitewing radiographs. Commun Dent Oral
Epidemiol 1994;22:71–4.

[43] Kay E, Nuttall N. Clinical decision making–-an art or a
science? Part I: an introduction. Br Dent J 1995;178:76–8.

[44] Baelum V. Caries management: Technical solutions to bio-
logical problems or evidence-based care? J Oral Rehabil
2008;35:135–51.

[45] Bader JD, Ismail AI. A primer on outcomes in dentistry.
J Publ Health Dent 1999;59:131–5.

[46] Ecenbarger WHow honest are dentists? Readers Digest 1997;
February:50–6.

[47] Renshaw J. After the first 125 years of the BDJ where
might clinical dentistry be heading? Br Dent J 2005;199:
331–7.

[48] Berenson A. Boom times for dentists, but not for teeth.
Available at http://www.nytimes.com/2007/10/11/business/
11decay.html?_r=1. 2007.

[49] Kidd EAM, Fejerskov O. What constitutes dental caries?
Histopathology of carious enamel and dentin related to the
action of cariogenic biofilms. J Dent Res 2004;83(Special
Issue C):C35–8.

[50] Anderson BG. Clinical study of arresting dental caries. J Dent
Res 1938;17:443–52.

[51] Lo ECM, Schwarz E, Wong MCM. Arresting dentine caries
in Chinese preschool children. Int J Paediatr Dent
1998;8:253–60.

[52] Nyvad B, Fejerskov O. Active root surface caries converted
into inactive caries as a response to oral hygiene. Scand J Dent
Res 1986;94:281–4.

[53] Nyvad B, Fejerskov O. Assessing the stage of caries lesion
activity on the basis of clinical and microbiological examina-
tion. Commun Dent Oral Epidemiol 1997;25:69–75.

[54] Nyvad B, Machiulskiene V, Baelum V. Construct and pre-
dictive validity of clinical caries diagnostic criteria assessing
lesion activity. J Dent Res 2003;82:117–22.

[55] Wenzel A. Bitewing and digital bitewing radiography for
detection of caries lesions. J Dent Res 2004;83:C72–5.

[56] de Araujo FB, Rosito DB, Toigo E, dos Santos CK. Diagnosis
of approximal caries: radiographic versus clinical examination
using tooth separation. Am J Dent 1992;5:245–8.

[57] de Araujo FB, de Araujo DR, dos Santos CK, de Souza MA.
Diagnosis of approximal caries in primary teeth: radiographic
versus clinical examination using tooth separation. Am J Dent
1996;9:54–6.

[58] Thylstrup A, Bille J, Qvist V. Radiographic and observed
tissue changes in approximal carious lesions at the time of
operative treatment. Caries Res 1986;20:75–84.

[59] Bille J, Thylstrup A. Radiographic diagnosis and clinical tissue
changes in relation to treatment of approximal carious lesions.
Caries Res 1982;16:1–6.

[60] Akpata ES, Farid MR, Al-Saif K, Roberts EAU. Cavitation at
radiolucent areas on proximal surfaces of posterior teeth.
Caries Res 1996;30:313–6.

[61] Mejare I, Malmgren B. Clinical and radiographic appear-
ance of proximal carious lesions at the time of operative
treatment in young permanent teeth. Scand J Dent Res
1986;94:19–26.

[62] Pitts NB, Rimmer PA. An in vivo comparison of radiographic
and directly assessed clinical caries status of posterior approx-
imal surfaces in primary and permanent teeth. Caries Res
1992;26:146–52.

[63] Ratledge DK, Kidd EAM, Beighton D. A clinical and micro-
biological study of approximal carious lesions. Part 1: The
relationship between cavitation, radiographic lesion depth, the
site-specific gingival index and the level of infection of the
dentine. Caries Res 2001;35:3–7.

[64] Mariath AAS, Casagrande L, de Araujo FB. Grey levels and
radiolucent lesion depth as cavity predictors for approximal
dentin caries lesions in primary teeth. Dentomaxillofac Radiol
2007;36:377–81.

[65] Woodward GL, Leake JL. The use of dental radiographs to
estimate the probability of cavitation of carious interproximal
lesions. Part I: evidence from the literature. J Can Dent Assoc
1996;62:731–6.

[66] Mejare I, Grondahl HG, Carlstedt K, Grever AC, Ottoson E.
Accuracy at radiography and probing for the diagnosis of
proximal caries. Scand J Dent Res 1985;93:178–84.

[67] Machiulskiene V, Nyvad B, Baelum V. A comparison of clinical
and radiographic caries diagnoses in posterior teeth of 12-year-
old Lithuanian children. Caries Res 1999;33:340–8.

[68] Machiulskiene V, Nyvad B, Baelum V. Comparison of diag-
nostic yields of clinical and radiographic caries examinations in
children of different age. Eur J Paediatr Dent 2004;5:157–62.

[69] Rimmer PA, Pitts NB. Temporary elective tooth separation as
a diagnostic aid in general dental practice. Br Dent J
1990;169:87–92.

76 V. Baelum

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
on

 0
4/

27
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



[70] Hintze H, Wenzel A, Jones C. In vitro comparison of D- and
E-speed film radiography, RVG, and Visualix digital radio-
graphy for the detection of enamel approximal and dentinal
occlusal caries lesions. Caries Res 1994;28:363–7.

[71] Bader JD, Shugars DA, Bonito AJ. Systematic reviews of
selected caries diagnostic and management methods.
J Dent Educ 2001;65:960–8.

[72] Bader JD, Shugars DA. A systematic review of the perfor-
mance of a laser fluorescence device for detecting caries. J Am
Dent Assoc 2004;135:1413–26.

[73] Baelum V, Nyvad B, Gröndahl H-G, Fejerskov OThe foun-
dations of good diagnostic practice. In: Fejerskov O, Kidd E,
editors. Dental caries. The disease and its clinical manage-
ment, 2nd edn. Oxford, UK: Blackwell Munksgaard; 2008.
p. 104–20.

[74] Kidd EAM, 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.

[75] Bader JD, Shugars DA, Bonito AJ. A systematic review of
selected caries prevention and management methods.
Commun Dent Oral Epidemiol 2001;29:399–411.

[76] Bloemendal E, de Wet HCW, Bouter LM. The value of
bitewing radiographs in epidemiological caries research: a
systematic review of the literature. J Dent 2004;32:255–64.

[77] Pereira AC, Eggertsson H, Martinez-Mier EA, Mialhe FL,
Eckert GJ, Zero DT. Validity of caries detection on occlusal
surfaces and treatment decisions based on results from mul-
tiple caries-detection methods. Eur J Oral Sci 2009;117:51–7.

[78] Nyvad B, Machiulskiene V, Baelum V. Reliability of a new
caries diagnostic system differentiating between active and
inactive caries lesions. Caries Res 1999;33:252–60.

[79] Murphy EAThe logic of medicine, 2nd edn. Baltimore, MD:
Johns Hopkins University Press; 1997.

[80] Hugoson A, Koch G, Göthberg C, Helkimo AN, Lundin S-Å,
Norderyd O, et al. Oral health of individuals aged 3-80 years
in Jönköping, Sweden during 30 years (1973-2003). I. Review
of findings of dental care habits and knowledge of oral health.
Swed Dent J 2005;29:125–38.

[81] Afonso-Souza G, Nadanovsky P, Chor D, Faerstein E,
Werneck GL, Lopes CS. Association between routine visits
for dental checkup and self-perceived oral health in an adults
population in Rio de Janeiro: the Pró-Saúde Study. Commun
Dent Oral Epidemiol 2007;35:393–400.

[82] Woolfolk MW, Lang WP, Borgnakke WS, Taylor GW,
Ronis DL, Nyquist LV. Determining dental checkup
frequency. J Am Dent Assoc 1999;130:715–23.

[83] Sohn W, Ismail AI. Regular dental visits and anxiety in an
adult dentate population. J Am Dent Assoc 2005;136:58–66.

[84] Nuttall NM, Bradnock G, White D, Morris J, Nunn J. Dental
attendance in 1998 and implications for the future. Br Dent J
2001;190:177–82.

[85] Christensen LB, Petersen PE, Steding-Jessen M. Consump-
tion of dental services among adults in Denmark 1994-2003.
Eur J Oral Sci 2007;115:174–9.

[86] Christensen LB, Kjøller M, Petersen PE, Vigild M.
Tandstatus og udnyttelsen af tandplejetilbuddet hos voksne
i Danmark 1994. Status og udviklingstendenser. Tandlæge-
bladet 1996;100:215–22.

[87] Schwarz E. Changes in demand for dental care among Danish
adults, 1975-1990. Acta Odontol Scand 1996;54:36–43.

[88] Suominen-Taipale AL, Widstrom E, Alanen P, Uutela A.
Trends in self-reported use of dental services among Finnish
adults during two decades. Commun Dent Health 2000;17:
31–7.

[89] Sheiham A. Routine check-ups. Br Dent J 2000;189:181.
[90] Last JMA dictionary of epidemiology, 4th edn. Oxford, UK:

Oxford University Press; 2001.
[91] Davenport CF, Elley KM, Fry-Smith A, Taylor-

Weetman CL, Taylor RS. The effectiveness of routine dental

checks: a systematic review of the evidence base. Br Dent J
2003;195:87–98.

[92] Davenport C, Elley K, Salas C, Taylor-Weetman CL,
Fry-Smith A, Bryan S, et al. The clinical effectiveness and
cost-effectiveness of routine dental checks: a systematic
review and economic evaluation. Health Technol Assess
2003;7:No. 7.

[93] Beirne P, Forgie A, Worthington HV, Clarkson JERoutine
scale and polish for periodontal health in adults. Cochrane
Database Syst Rev 2005;(1):CD004625.

[94] Gilbert GH, Foerster U, Dolan TA, Duncan RP,
Ringelberg ML. Twenty-four month coronal caries incidence:
the role of dental care and race. Caries Res 2000;34:367–79.

[95] Bullock C, Boath E, Lewis M, Gardam K, Croft P. A case-
control study of differences between regular and casual adult
attenders in general dental practice. Prim Dent Care
2001;8:35–40.

[96] Gøtzsche PC, Nielsen MScreening for breast cancer with
mammography. Cochrane Database Syst Rev 2009;(4):
CD001877.

[97] Gøtzsche PC, Hartling OJ, Nielsen M, Brodersen J,
Jørgensen KJ. Breast screening: the facts–-or maybe not. Br
Med J 2009;338:446–8.

[98] Jørgensen KJ, Brodersen J, Hartling OJ, Nielsen M,
Gøtzsche PC. Informed choice requires information about
both benefits and harms. J Med Ethics 2009;35:268–9.

[99] Brodersen JMeasuring psychological consequences of false-
positive screening results—breast cancer as an example.
Copenhagen, Denmark: Faculty of Health Sciences,
University of Copenhagen; 2006.

[100] Brewer NT, Salz T, Lillie SE. Systematic review: the long-
term effects of false-positive mammograms. Ann Intern Med
2007;146:502–10.

[101] Elderton RJ. Iatrogenesis in the treatment of dental caries.
Proc Finn Dent Soc 1992;88:25–32.

[102] Elderton RJ. Overtreatment with restorative dentistry: when
to intervene? Int Dent J 1993;43:17–24.

[103] Elderton RJ. Preventive (evidence-based) approach to
quality general dental care. Med Princ Pract 2003;
12(Suppl 1):12–21.

[104] Welie JVM. Is dentistry a profession? Part 3. Future
challenges. J Can Dent Assoc 2004;70:675–8.

[105] Welie JVM. Is dentistry a profession? Part 2. The hallmarks
of professionalism. J Can Dent Assoc 2004;70:599–602.

[106] Grytten J. The effect of supplier inducement on Norwegian
dental services; some empirical findings based on a theoret-
ical model. Commun Dent Health 1991;8:221–31.

[107] Grytten J. The effect of the price of dental services on their
demand and utilisation in Norway. Commun Dent Health
1990;8:303–10.

[108] Grytten J. Supplier inducement–-its relative effect on
demand and utilization. Commun Dent Oral Epidemiol
1992;20:6–9.

[109] Birch S. The identification of supplier-inducement in a fixed
price system of health care provision. The case of dentistry in
the United Kingdom. J Health Econ 1988;7:129–50.

[110] Grembowski D, Fiset L, Milgrom P, Conrad D,
Spadafora A. Does fluoridation reduce the use of dental
services among adults? Med Care 1997;35:454–71.

[111] Welie JVM. Is dentistry a profession? Part 1. Professionalism
defined. J Can Dent Assoc 2004;70:529–32.

[112] Cruess SR, Johnston S, Cruess RL. “Profession”: a working
definition for medical educators. Teach Learn Med
2004;16:74–6.

[113] Cruess RL, Cruess SR, Johnston SE. Professionalism: an
ideal to be sustained. Lancet 2000;356:156–9.

[114] Cruess SR, Johnston S, Cruess RL. Professionalism for
medicine: opportunities and obligations. Med J Aust 2002;
177:208–11.

Appropriate caries diagnosis 77

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
on

 0
4/

27
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



[115] Reid KI. Respect for patients’ autonomy. J Am Dent Assoc
2009;140:470–4.

[116] Hafferty F. The elephant in medical professionalism’s
kitchen. Acad Med 2006;81:906–14.

[117] Freidson EProfessionalism—the third logic. Cambridge,
UK: Polity Press; 2001.

[118] Durkheim EProfessional ethics and civic morals. New York:
Routledge; 1957.

[119] Sundhedsstyrelsen. Børne-og ungdomstandplejen in
Danmark 1988. Primær sundhedstjenestestatistik III
1989;11:7–77.

[120] Downer MC. Time trends in caries experience of children in
England and Wales. Caries Res 1992;26:466–72.

[121] Truin GJ, König KG, Kalsbeek H. Trends in dental caries in
The Netherlands. Adv Dent Res 1993;7:15–18.

[122] Marthaler TM, O’Mullane DM, Vrbic V. The prevalence of
dental caries in Europe 1990-1995. Caries Res 1996;30:
237–55.

[123] Poulsen S. Dental caries in Danish children and adolescents
1988-94. Commun Dent Oral Epidemiol 1996;24:282–5.

[124] Einarsdottir KG, Bratthall D. Restoring oral health. On the
rise and fall of dental caries in Iceland. Eur J Oral Sci
1996;104:459–69.

[125] Davies MJ, Spencer AJ, Slade GD. Trends in dental caries
experience of school children in Australia—1977 to 1993.
Aust Dent J 1997;42:389–94.

[126] Kalsbeek H, Truin GJ, van Rossum GMJM, van
RijkomHM, Poorterman JHG, Verrips GH. Trends in caries
prevalence in Dutch adults between 1983 and 1995. Caries
Res 1998;32:160–5.

[127] de Liefde B. The decline of caries in New Zealand over the
past 40 years. N Z Dent J 1998;94:109–13.

[128] Cleaton-Jones P, Fatti P. Dental caries trends in Africa.
Commun Dent Oral Epidemiol 1999;27:316–20.

[129] Poulsen S, Scheutz F. Dental caries in Danish children and
adolescents 1988–1997. Commun Dent Health
1999;16:166–70.

[130] Beltrán-Aguilar ED, Estupiñán-Day S, Báez R. Analysis of
prevalence and trends of dental caries in the Americas
between the 1970s and 1990s. Int Dent J 1999;49:322–9.

[131] Künzel W, Fischer T. Caries prevalence after cessation of
water fluoridation in La Salud, Cuba. Caries Res
2000;34:20–5.

[132] Künzel W, Fischer T, Lorenz R, Brühmann S. Decline of
caries prevalence after the cessation of water fluoridation in
the former East Germany. Commun Dent Oral Epidemiol
2000;28:382–9.

[133] Brown LJ, Wall TP, Lazar V. Trends in total caries expe-
rience: permanent and primary teeth. J Am Dent Assoc
2000;131:223–31.

[134] Birkeland JM, Haugejorden O, von der Fehr FR. Some
factors associated with the caries decline among Norwegian
children and adolescents: age-specific and cohort analyses.
Caries Res 2000;34:109–16.

[135] Vrbic V. Reasons for the caries decline in Slovenia. Commun
Dent Oral Epidemiol 2000;28:126–32.

[136] Szöke J, Petersen PE. Evidence for dental caries decline
among children in an East European country (Hungary).
Commun Dent Oral Epidemiol 2000;28:155–60.

[137] Virtanen JI. Changes and trends in attack distributions and
progression of dental caries in three age cohorts in Finland.
J Epidemiol Biostat 2001;6:325–9.

[138] Vanobbergen J, Martens L, Declerck D. Caries prevalence
in Belgian children: a review. Int J Paediatr Dent 2001;11:
164–70.

[139] Maltz M, Schoenardie AB, Carvalho JC. Dental caries and
gingivitis in schoolchildren from the municipality of Porto
Alegre, Brazil in 1975 and 1996. Clin Oral Invest 2001;5:
199–204.

[140] Birkeland JM,Haugejorden O. Caries decline before fluoride
toothpaste was available: earlier and greater decline in the
rural north than in southwestern Norway. Acta Odontol
Scand 2001;59:7–13.

[141] Kovac-Kavcic M, Skaleric U. The change of DMFT counts
in Slovenia. Caries Res 2001;35:247–51.

[142] Brown LJ, Wall TP, Lazar V. Trends in caries among adults
18 to 45 years old. J Am Dent Assoc 2002;133:827–34.

[143] Birkeland JM, Haugejorden O, von der Fehr FR. Analyses of
the caries decline and incidence among Norwegian adoles-
cents 1985–2000. Acta Odontol Scand 2002;60:281–9.

[144] Van Nieuwenhuysen JP, Carvalho JC, D’Hoore W. Caries
reduction in Belgian 12-year-old children related to socio-
economic status. Acta Odontol Scand 2002;60:123–8.

[145] Poulsen S, Pedersen MM. Dental caries in Danish children:
1988–2001. Eur J Paediatr Dent 2002;4:195–8.

[146] Bönecker M, Cleaton-Jones P. Trends in dental caries in
Latin American and Caribbean 5-6- and 11-13-year-old
children: a systematic review. Commun Dent Oral
Epidemiol 2003;31:152–7.

[147] Petersen PEThe World Oral Health Report 2003. Geneva,
Switzerland: World Health Organization; 2003.

[148] Marthaler TM. Changes in dental caries 1953-2003. Caries
Res 2004;38:173–81.

[149] Aleksejuniene J, Holst D, Balciuniene I. Factors influencing
the caries decline in Lithuanian adolescents—trends in the
period 1993-2001. Eur J Oral Sci 2004;112:3–7.

[150] Carvalho JC, D’Hoore W, Van Nieuwenhuysen JP. Caries
decline in the primary dentition of Belgian children over
15 years. Commun Dent Oral Epidemiol 2004;32:277–82.

[151] Pieper K, Schulte AG. The decline in dental caries among
12-year-old children in Germany between 1994 and 2000.
Commun Dent Health 2004;21:199–206.

[152] Bourgeois DM, Roland E, Desfontaine J. Caries prevalence
1987-1998 in 12-year-olds in France. Int Dent J 2004;
54:193–200.

[153] Stecksen-Blicks C, SunnegÅrdh K, Borssen E. Caries expe-
rience and background factors in 4-year-old children: time
trends 1967-2002. Caries Res 2004;38:149–55.

[154] Beltrán-Aguilar ED, Barker LK, Canto MT, Dye BA,
Gooch BF, Griffin SO, et al. Surveillance for dental caries,
dental sealants, tooth retention, edentulism, and enamel
fluorosis—United States 1988-1994 and 1999-2002.
MMWR Morb Mortal Wkly Rep 2005;54(SS-3):1–48.

[155] Adam C, Eid A, Riordan PJ, Wolikow M, Cohen F. Caries
experience in the primary dentition among French 6-year-
olds between 1991 and 2000. Commun Dent Oral
Epidemiol 2005;33:333–40.

[156] Marthaler T, Menghini G, Steiner M. Use of the Significant
Caries Index in quantifying the changes in caries in Switzer-
land from 1964 to 2000. Commun Dent Oral Epidemiol
2005;33:159–66.

[157] Cleaton-Jones P, Fatti P, Bönecker M. Dental caries trends
in 5- to 6-year-old and 11- to 13-year-old children in three
UNICEF designated regions—Sub Saharan Africa, Middle
East and North Africa, Latin America and Caribbean:
1970-2004. Int Dent J 2006;56:294–300.

[158] Demertzi A, Topitsoglou V, Muronidis S. Caries prevalence
of 11.5 year-olds between 1989 and 2001 in a province of
North-Eastern Greece. Commun Dent Health 2006;23:
140–6.

[159] Souza ML, Bastos JL, Peres MA. Trends in dental caries
rates in 12- and 13-year-old school children from Florianó-
polis (Brazil) between 1971 and 2005. Oral Health Prev Dent
2006;4:187–92.

[160] Ferro R, Besostri A, Olivieri A, Stellini E, Mazzoleni S.
Preschoolers’ dental caries experience and its trend over
20 years in a North-East Italian Health District. Eur J
Paediatr Dent 2007;8:199–204.

78 V. Baelum

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
on

 0
4/

27
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



[161] Hugoson A, Koch G, Helkimo AN, Lundin S-Å. Caries
prevalence and distribution in individuals aged 3-20 years in
Jönköping, Sweden, over a 30-year period (1973-2003). Int J
Paediatr Dent 2008;18:18–26.

[162] Sgan-Cohen HD, Amram-Liani D, Livny A. Changing den-
tal caries levels in the 1980’s, 1990’s and 2005 among
children of a Jerusalem region. Commun Dent Health
2009;26:62–4.

[163] Irigoyen Camacho ME, Sánchez Pérez L, García Pérez A,
Zepeda Zepeda MA. Relationship between severe early
childhood caries, mother’s oral health and mutans strepto-
cocci in a low-income group: changes from 1996 to 2007.
J Clin Pediatr Dent 2009;33:241–6.

[164] Carvalho JC, Figueiredo MJ, Vieira EO, Mestrinho HD.
Caries trends in Brazilian non-privileged preschool children
in 1996 and 2006. Caries Res 2009;43:2–9.

[165] Hugoson A, Koch G, Göthberg C, Helkimo AN,
Lundin S-Å, Norderyd O, et al. Oral health of individuals
aged 3-80 years in Jönköping, Sweden during 30 years
(1973-2003). II. Review of clinical and radiographic find-
ings. Swed Dent J 2005;29:139–55.

[166] Gimmestad AL, Holst D, Fylkenes K. Changes in restorative
caries treatment in 15-year-olds in Oslo, Norway,
1979-1996. Commun Dent Oral Epidemiol 2003;31:
246–51.

[167] Heidmann J, Helm S, Helm T, Poulsen S. Changes in
prevalence of approximal caries in 17-year-olds and related

restorative treatment strategies over a 6-year period.
Commun Dent Oral Epidemiol 1988;16:167–70.

[168] BaelumV, van PalensteinHeldermanW,Hugoson A, Yee R,
Fejerskov O‘For richer, for poorer, in sickness and in
health. . .’ The role of dentistry in controlling caries and
periodontitis globally. In: Fejerskov O, Kidd E, editors.
Dental caries. The disease and its clinical management,
2nd edn. Oxford, UK: Blackwell Munksgaard; 2008.
p. 575–605.

[169] Machiulskiene V, Nyvad B, Baelum VA comparison of
clinical and radiographic caries diagnoses in posterior
teeth of 12-year-old Lithuanian children. Caries Res
1999;33:340–8.

[170] Topping GVA, Pitts NB. Clinical visual caries detection.
Monogr Oral Sci 2009;21:15–41.

[171] Ekstrand KR, Zero DT, Martignon S, Pitts NB. Lesion
activity assessment. Monogr Oral Sci 2009;21:63–90.

[172] Braga MM, Mendes FM, Martignon S, Ricketts DNJ,
Ekstrand KR. In vitro comparison of Nyvad’s system and
ICDAS-II with lesion activity assessment for evaluation of
severity and activity of occlusal caries lesions in primary
teeth. Caries Res 2009;43:405–12.

[173] Nyvad B, Machiulskiene V, Baelum VThe Nyvad criteria for
assessment of caries lesion activity. In: Stookey G, editor.
Clinical models workshop: Remin-demin, precavitation, car-
ies. Proceedings of the 7th Indiana Conference. Indianapolis,
IN: Indiana University School of Dentistry; 2006. p. 99–116.

Appropriate caries diagnosis 79

A
ct

a 
O

do
nt

ol
 S

ca
nd

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

St
at

sb
ib

lio
te

ke
t T

id
ss

kr
if

ta
fd

el
in

g 
on

 0
4/

27
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


