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Enamel demineralisation is an undesirable but com-
mon sequel to orthodontic fixed appliance therapy.

Several studies have reported a significant increase in
the prevalence and severity of demineralization of den-
tal hard tissue after orthodontic therapy (Gorelick et al,
1982; Øgaard et al, 1988, Boersma et al, 2005). Diffi-

culty in plaque removal leads to prolonged accumula-
tion and retention of bacterial metabolites around fixed
orthodontic appliances, resulting in enamel deminer-
alisation, so-called white spots. Studies have shown a
significant increase in the number of micro-organisms,
such as mutans streptococci and lactobacilli (Lund-
ström and Krasse, 1987a,b; Chang et al, 1999), which
is associated with the initiation of dental caries and fur-
ther development of the carious lesion. 

On removal of the bands and brackets at the end of
active orthodontic treatment, clinical examination dis-
closes the presence of these lesions, which may range
in severity from incipient, non-cavitated to advanced
lesions. While minor lesions may be aesthetically dis-
turbing, advanced lesions may require restorative
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stone, 2003). 

While the problem may be minimised by strategies
to prevent initial demineralisation during fixed appli-
ance therapy, it is important that, after removal of the
bands and brackets, the clinician undertakes meticu-
lous examination of the smooth surfaces at risk of
caries. The method of choice for registering the lesions
should be one that offers reliable detection and as-
sessment of early lesions. The data thus obtained
should complement visual assessment as a basis for
decision-making with respect to clinical management
of any white spot lesions that may have developed dur-
ing appliance therapy.

There is growing recognition that conventional
qualitative methods of assessment of white spot and
incipient smooth surface lesions are an inadequate
basis for modern, non-invasive clinical caries man-
agement. As a complement to conventional meth-
ods, in 1998, laser-based fluorescence method,
DIAGNOdent (KaVo, Biberach, Germany) was intro-
duced for the purpose of detection and monitoring
progression of early caries. 

Hibst and co-workers (Hibst and Gall, 1998) found
that when the tooth is illuminated by laser light at
655 nm, the difference in fluorescence intensity of
sound and carious tissue around 740 nm is most
pronounced. This is the mechanism underlying the
DIAGNOdent system (Hibst et al, 2001): fluorescence
from the measuring site is captured and transmitted
via an optical fibre to a hand probe and displayed as
a nominal value ranging from 0 (minimum fluores-
cence) to 99 (maximum fluorescence). The presence
of caries is indicated by increased fluorescence in-
tensity. The cause of the fluorescence is still unclear,
but proto-porphyrins and meso-porphyrins, bacterial
metabolites, probably play a major role (Hibst et al,
2001).

Reliability is an important aspect of the assess-
ment of a diagnostic modality, especially for clinical
and epidemiological application and may be ex-
pressed in terms of intra- and inter-observer agree-
ment. (Nyvad et al, 1999). In clinical studies, good
observer agreement is essential for ensuring repro-
ducible measurements, which provide a basis for any
general conclusions to be drawn about the study
population or the sample examined. 

The DIAGNOdent system is relatively new, and to
date both in vivo and in vitro studies of reproducibility
have been limited mainly to occlusal surfaces (Lussi et
al, 1999, 2001; Shi et al, 2000; Attrill and Ashley,
2001; Alwas-Danowska et al, 2002; Bamzahim et al,
2002; Heinrich-Weltzien et al, 2002; Anttonen et al,

2003, 2004; Francescut and Lussi, 2003; Lussi and
Francescut, 2003; Reis et al, 2004; Tranaeus et al,
2004). Most of these studies indicated good to excel-
lent reproducibility. DIAGNOdent measurements and
visual examination by an experienced dentist agreed
fairly well (Alwas-Danowska et al, 2002).

DIAGNOdent has recently been tested in vitro for
quantification of lesions adjacent to fixed orthodon-
tic appliances (Staudt et al, 2004; Aljehani et al,
2004). The results suggested that the DIAGNOdent
method might be appropriate for early detection and
assessment of white spot lesions in orthodontic pa-
tients.

Recent studies by Anttonen, Seppä and Hausen
(2003, 2004) and Skold-Larsson et al (2004) sup-
port the application of the method for detection and
monitoring of fissure caries. By analogy, the method
should also be appropriate for detection and moni-
toring of white spot lesions on smooth surfaces in or-
thodontic patients after fixed appliance therapy. To
our knowledge there are to date no published stud-
ies evaluating the clinical application of DIAGNOdent
for this purpose. 

The aim of the present study was to evaluate the
reliability of DIAGNOdent, expressed as intra- and
inter-observer agreement, for measuring white spot
lesions in orthodontic patients after fixed appliance
therapy and to relate the results to those of visual ex-
amination. 

MATERIALS AND METHODS

The study was approved by the Ethics Committee at
Huddinge University Hospital, Huddinge, Sweden
(564/03).

Thirteen patients were recruited from King Abdu-
laziz Hospital, Saudi Arabia, aged 13-17, with a total
of 137 test teeth. The subjects were selected from
orthodontic patients who had recently completed full
fixed appliance therapy (standard edgewise tech-
nique), with an average treatment time of two years. 

All participants and their parents were informed
about the purpose of the study and the study proce-
dure, and informed proxy consent was obtained from
all subjects before the start of examination.

After completion of debonding and debanding, a
full-mouth cleaning with a rotating rubber cup and
water, if necessary, professional supragingival scal-
ing was performed to remove plaque, calculus and
any remaining composite bonding material.  Caution
was exercised to avoid disturbing the lesions. 
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Visual Examination 

Visual examination was performed by three examin-
ers, two cariologists and one orthodontist, together
in order to localise the measuring region and to per-
form caries assessment by visual inspection. In case
of disagreement, consensus was reached. Visual in-
spection was performed after the tooth surfaces
were dried with a five-second stream of compressed
air with the help of mouth mirrors and blunt probes
under clinical lighting, according to the modified Ek-
strand criteria and classification presented in Table
1 (Ekstrand et al, 1997). The inclusion criterion was
the presence on a smooth surface of a white spot le-
sion adjacent to the site of the orthodontic band or
bracket. Teeth with fluorosis, tetracycline staining or
stains of other origin were excluded since the device
was very sensitive to the presence of stain, deposits
and calculus, which can lead to erroneous readings.
The study sample finally comprised 137 teeth: 72
were anterior teeth and 65 posterior teeth.  

Fig 1 demonstrates a clinical view of a typical site.
At the first visit, the test surfaces of all teeth in the
study were documented with a digital camera (Nikon
COOLPIX 4500, Japan). The images were saved in a
PC and printed out on paper to facilitate the mea-
surements with DIAGNOdent at the second visit.

DIAGNOdent Measurements 

Training and Calibration of Examiners 

Prior to the study, the examiners underwent theoreti-
cal and practical training in the DIAGNOdent method.
Calibrations of DIAGNOdent measurements between
observers were carried out for a one-week period, first
on extracted teeth and then clinically. Ten extracted
teeth with non-cavitated carious lesions were used for
calibration exercises. DIAGNOdent measurements of
the lesions were repeated and Intra-Class Correlation
(ICC) values were calculated in order to ensure an ac-
ceptable level of agreement between and within ex-
aminers before proceeding to training in clinical appli-
cation of the device. At the end of training for examin-
er calibration, intra-examiner agreement for the three
examiners was 0.92, 0.94 and 0.96 respectively in ex-
tracted teeth, and inter-examiner agreement for the
first and second measurements was 0.87 and 0.90 re-
spectively. 

One DIAGNOdent device was used throughout the
study, and the three examiners performed the mea-
surements on all subjects. The measurement time

was standardised to around 10 seconds. As recom-
mended by the manufacturer, before every measure-
ment session the instrument was calibrated against
the ceramic standard supplied and then calibrated
for each individual subject by measuring at a sound
site on the buccal surface.
The tooth surface was air-dried with compressed air
for five seconds prior to measurement. To locate the
site of the highest reading, the pre-selected measur-
ing sites documented by digital photographs were
scanned by the first examiner with DIAGNOdent
using probe tip B, in accordance with the manufac-
turer’s instructions. The DIAGNOdent reading was
noted and the corresponding site was registered on
the photographs (Fig 1). Following measurement by
the first examiner, the second and third examiners
performed DIAGNOdent readings independently,
under identical conditions, taking readings at the le-
sion sites indicated on the photographs. After a one-
week interval, the same measuring procedures were
repeated by the same three observers. The ob-
servers again took independent readings of the
same lesions using the photographs as guidelines.
No records of DIAGNOdent readings from the first
measurement session were available at the second
measurement session. 

DATA ANALYSIS

Assessment of Observer Agreements

Diagnostic agreement between DIAGNOdent readings
performed by the first examiner and visual inspection
was assessed by box plots. Inter-examiner agreement
among the three examiners and intra-examiner agree

Fig 1 An example of a lesion in the study after removal of or-
thodontic brackets
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ment for each observer between the two DIAGNOdent
measurement sessions were analysed by intra-class
correlation coefficient (ICC). This evaluates the level of
agreement between and within examiners.

The relationship between visual inspection and DI-
AGNOdent readings were analysed by Spearman
rank correlation coefficient.

RESULTS

The mean and standard error of DIAGNOdent values
in different categories of visual examination score
are illustrated as box plots (Fig 2). The Spearman
rank correlation coefficient between the visual
scores and the DIAGNOdent readings was only 0.39.
The ICC values for intra-examiner reproducibility,
shown in Table 2, were 0.91, 0.97 and 0.99 respec-
tively, with a mean value of 0.96, indicating excellent
intra-examiner agreement. As shown in Table 2, the
ICC value for inter-examiner reproducibility for the
first measurement session was 0.69 and 0.82 for
the second measurement session. 

DISCUSSION

The reliability of a diagnostic method is important in
both clinical and epidemiological studies, because it
indicates how well the method fulfils the require-
ment of providing consistent, standardized readings
(Nyvad et al, 1999). Reliability testing also serves a
secondary purpose, indicating how well observers
agree within and between themselves. 

In the present study, clinical intra- and inter-exam-
iner agreement was tested for DIAGNOdent mea-
surement of white spot lesions that had developed
around bands and brackets during orthodontic treat-
ment. In vitro studies, mostly on occlusal surfaces,
have shown excellent intra-examiner agreement for
DIAGNOdent (Lussi et al, 1999; Shi et al, 2000; At-
trill and Ashley, 2001; Bamzahim et al, 2002; Alwas-
Danowska et al, 2002; Lussi and Francescut, 2003;
Kühnisch et al, 2004). 

Fig 2 demonstrated mean DIAGNOdent values clas-
sified into four categories according to the visual in-
spection. There is a clear trend that with a higher vi-
sual score the DIAGNOdent values increases as well.
However the Spearman rank correlation coefficient
was only around 0.4. The capacity of a quantitative
method like DIAGNOdent may be under- estimated
when using a qualitative and subjective measure, vi-
sual inspection, as gold standard.

Under clinical conditions, variables are not as read-
ily controlled as under in vitro conditions. A number of
variables may adversely affect the reproducibility of
the DIAGNOdent method, such as the humidity of the
tooth surface, the presence of dental plaque or calcu-
lus and also staining of various kinds (Lussi et al,
1999; Shi et al, 2000). In the present study, special
measures were taken to control or minimise such po-
tential confounders, e.g. by exclusion of teeth with flu-

Aljehani et al

148 Oral Health & Preventive Dentistry

Fig 2 The relationship between the DIAGNOdent reading and
lesion severity, as categorised by visual inspection

Code  Criteria 

0 No or slight change in enamel translucency after pro
longed air-drying.

1 Opacity (white) hardly visible on the wet surface, but 
distinctly visible after air-drying 

2 Opacity (white) distinctly visible without air-drying.

3 Localised enamel breakdown in opaque or discolored 
enamel and or greyish discoloration from the underly-
ing dentine.

Table 1  Visual inspection criteria (modified Ekstrand
criteria) 

Intra-observer agreement Inter-observer agreement

1st examiner 0.91 1st time 0.69
2nd examiner 0.97 2nd time 0.82
3rd examiner 0.99 Mean value 0.75
Mean value 0.96

Table 2   Intra-and inter-observer agreement
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and by careful cleaning of the tooth surfaces. 

In order to standardise the humidity of the teeth, the
duration of the drying procedure was strictly regulated
at five seconds.

The results showed excellent intra-examiner agree-
ment: for quantification of white spot lesion on smooth
surfaces the mean ICC value of 0.96 is in good agree-
ment with a previous report by Shi et al (2001), where
the ICC value was 0.94 under in vitro conditions and
with 0.75 (Kappa) under in vivo conditions (Pinelli et al,
2002). 

The mean ICC value for inter-examiner agreement,
0.75, was much lower. This value is in general agree-
ment with a recent report by Aljehani et al (2004),
where the ICC value was 0.80 under in vitro conditions.
Moreover, there was a pronounced discrepancy in in-
ter-examiner agreement between the first and second
measurement sessions (0.69 and 0.82 respectively).
This discrepancy might be attributable to such factors
as examiner effect, subject effects and imperfect cal-
ibration of the device.

As with all methods involving technology, perfor-
mance is determined partly by the examiner’s experi-
ence in using the equipment and the technique of ap-
plication. Of the three operators, one was inexperi-
enced in the DIAGNOdent method compared with the
other two operators, with only the short training period
before the study. Exclusion of this examiner’s results
from the first evaluation of inter-observer agreement
yielded ICC values of 0.92 and 0.95 for the first and
second measurements respectively.  The higher ICC
value for the second evaluation of inter-observer
agreement may be attributable to the fact that the ex-
aminer had become increasingly skilled in the tech-
nique after measuring 137 surfaces in the first round
of measurement. This stresses the importance of
training on a relatively high number of teeth.

In order to obtain comparable data in longitudinal
studies of changes in carious lesions, the DIAGNOdent
device should be calibrated frequently (Karlsson et al,
2004; Braun et al, 2005). According to the manufac-
turer’s instructions, a baseline measurement of the
system is recommended both on the calibration device
attached to the probe container and on a non-carious
area of the tooth. Therefore, special attention should
be paid to theoretical and practical training of non-ex-
perienced examiners, including demonstration of cor-
rect calibration procedures. Meticulous cleaning of the
tooth surfaces before measurements is also essential.   

Although in the present study the mean inter-ob-
server agreement attained under clinical conditions
was much lower than that achieved during calibration

exercises on extracted teeth, an inter-observer agree-
ment of 0.75 may nevertheless be considered ac-
ceptable: this value is in general agreement with re-
cent in vitro reproducibility studies on occlusal caries
(Alwas-Danowska et al, 2002; Kühnisch et al, 2004)
and on smooth surface caries (Pinelli et al, 2002; Al-
jehani et al, 2004). 

The present study showed that DIAGNOdent repro-
ducibly measured incipient smooth surface lesions in
vivo, with excellent intra-examiner agreement and ac-
ceptable inter-examiner agreement. 

The DIAGNOdent system may therefore be recom-
mended for reliable assessment of white spot lesion
status in patients at caries risk, such as orthodontic
patients. 

However, the accuracy and reliability of the system
in disclosing changes in white spot lesions over time
have yet to be established. To date, there are only two
studies of using DIAGNOdent under clinical conditions
for longitudinal monitoring of occlusal carious lesions
(Anttonen et al, 2004, Sköld-Larsson et al, 2004) that
indicated that it is possible to monitor lesion changes.
It is concluded that for quantitative assessment of
severity of white spot lesions in the clinical setting, the
DIAGNOdent method shows excellent intra-observer
agreement and acceptable inter-observer agreement.
The readings may aid clinical decision- making with re-
spect to management of orthodontically induced
smooth surface lesions. Further studies are warranted
to determine whether the method is applicable in the
general practice setting for monitoring the status of
white spot lesions or evaluating the effect of interven-
tions intended to arrest or reverse lesion progression. 
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