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Summary:

Background: Detection and diagnosis of proximal caries in primary molars is challenging.

Aim: The aim of this in-vivo study was to assess the validity and reproducibility of four

methods of proximal caries detection in primary molar teeth.

Design: Eighty-two children (5-10 yrs) were recruited. Initially 1030 proximal surfaces were
examined using meticulous visual examination (ICDAS) (VEI), bitewing radiographs (RE),
and a laser fluorescence pen device (LF1). Temporary tooth separation (TTS) was achieved
for 447 surfaces and these were re-examined visually (VE2) and using the LF-pen (LF2).
Three hundred and fifty-six teeth (542 surfaces) were subsequently extracted and provided

histological validation.

Results: At Dy (enamel and dentine caries) diagnostic threshold, the sensitivity of VEI, RE,
VE2, LF1 and LF2 examination were 0.52, 0.14, 0.75, 0.58, 0.60 and the specificity values
were 0.89, 0.97, 0.88, 0.85, 0.77 respectively. At D3 (dentine caries) threshold, the sensitivity
values were 0.42, 0.71, 0.49, 0.63, 0.65 respectively, while specificity was 0.93 for VE1 and
VE2, and 0.98, 0.87 and 0.88 for RE, LF1 and LF2 examinations respectively. ROC analysis

showed radiographic examination to be superior at Ds.

Conclusion: Meticulous caries diagnosis (ICDAS) should be supported by radiographs for

detection of dentinal proximal caries in primary molars.



Introduction

Diagnosis of dental caries has always been problematic, especially the diagnosis of proximal
caries where the lack of accessibility and visibility makes it more difficult to detect caries at
its early stages. Early diagnosis is paramount to allow evidence-based interventions to

prevent disease progression [1].

To date, most studies have focussed on the permanent dentition and those that have looked
at the primary dentition tend to only include the occlusal surfaces. Similarly, because of the
logistical difficulties of achieving an adequate sample of representative teeth, there are far
more in-vitro studies [2, 3] than in-vivo ones [4, 5]. In-vivo studies with histological
validation are clearly superior to in-vitro studies because, even when great care is taken, it is
impossible to re-create the difficulties of the clinical examination, such as the presence of a

tongue, gingiva, saliva and patient co-operation [6, 7].

A recent systematic review reported visual inspection to have good accuracy for visual
inspection, which was further improved when used in conjunction with a detailed and
validated index [8]. Meticulous caries diagnostic methods such as the International Caries
Detection and Assessment System (ICDAS), meets this requirement, having been

demonstrated to have high validity and reproducibility [6, 9-11].

Bitewing radiographs provide an additional diagnostic yield, especially for proximal
caries, where direct visual examination is not possible [12]. However, bitewing radiographs
show where the lesion is anatomically, in enamel or dentine, but do not confirm the presence
of cavitation which is the threshold between operative and non-operative intervention.
Traditionally, spread into dentine has been taken as the point at which restoration is required

but this may happen before cavitation, the point at which prevention is no longer possible



[13]. Therefore, a diagnostic tool which identifies cavitation rather than lesion depth is

required.

For these reasons temporary tooth separation (TTS) is used by some clinicians for the
detection of proximal caries and this adjunct to visual examination has been shown to be
useful in identifying dental caries in the proximal surfaces of permanent premolars and

molars [14] and of primary molars [15].

A laser fluorescence device (LF pen, DIAGNOdent pen, Kavo Biberarch, Germany) was
introduced specifically for the diagnosis of proximal caries. However, there is a paucity of
research on the performance of the LF pen device in clinical settings. To date, no histological
validated clinical study with a sample size calculation has been published to compare the
validity of different diagnostic methods (visual examination, radiographic examination, TTS

and LF pen examination) for the diagnosis of proximal caries in primary teeth.

Therefore, the aim of this study was to clinically assess the validity and reproducibility of

different diagnostic methods for proximal caries detection in primary molar teeth.

Methods and Material

1. Ethical approval and subject selection

Ethical approval was obtained from the National Health Services Research Ethics Committee
(NHS REC) (Reference 12/YH/0214) and from Sheffield Teaching Hospitals Research
Governance Department (protocol number STH16301). All parents or guardians gave written

consent and all young participants provided their assent to participate in the study.



This was a prospective in-vivo study. A sample size calculation was conducted using
nomograms for calculation of sample size in diagnostic studies [16]. The sample size
calculation was based on existing studies of the validity of the LF pen device where the
sensitivity was found to vary from 0.65 in an in-vivo study [5] to 0.95 in an in-vitro study.
Therefore, the sensitivity used for the sample size calculation was 0.80 (an average of both
values). Because data were collected from the clinic, the disease prevalence used for the
calculation was estimated at 0.8 (80%). The significance level used was p=0.05. The number
of surfaces required to answer the research question was found to be 262 surfaces. It was
estimated that 80 patients needed to be recruited, which made this study potentially larger

than any previously conducted study, in this area.

Ninety children, aged 5-10 years, who attended the new patient assessment clinic in the
Paediatric Dentistry Department of the Charles Clifford Dental Hospital, Sheffield, UK, with
caries in one or more primary molars, requiring extraction of one or more teeth, and who
required intra-oral bitewing radiographs as part of their clinical assessment, were invited to
participate in the study. Of these, six failed to attend their appointments, one patient had
urgent extractions before his second examination and one child proved too anxious to cope
with an examination, giving an overall response rate of 91%. Thus, 82 children (mean
age=6.4; SD=1.3 years) participated in the study, of which almost 80% were aged between 5

and 7 years.

Children had all proximal surfaces of primary molars examined to avoid selection bias. In
total, 1225 surfaces were examined, of which 195 surfaces (16%) had frank cavitation, and
therefore were excluded from subsequent analysis. Of those included in the final analysis,
447 surfaces were temporarily separated and 542 surfaces from 356 primary molars

(mean=4.34 per child, SD=2.09) were histologically validated.



Surfaces were excluded if they had frank cavitation involving the marginal ridge, a large
carious cavity on occlusal or smooth surfaces, a large occlusal or proximal restoration,
absence of the adjacent tooth, the presence of enamel or dentine defects, or the presence of
extensive non-carious tooth surface loss. One further exclusion criteria was the absence of
left and right side digital bitewing radiographs taken as part of their new patient assessment

when clinically indicated.

2. Examination methods

All radiographs were taken by a qualified radiographer prior to clinical examination. The
digital x-ray machine (Sirona Heliodent DS intraoral X-ray generator, Bensheim, Germany)
was set to 60KV, 7mA and the exposure time was 0.08s. Digital sensor holders (Rinn, XCP-
DS, New Zealand) were used and the focus to film distance was 40cm. Intra oral
sensors (Durr VistaRay, Germany) were processed (Durr VistaScan, Germany). Images were
examined on the clinic’s computer screens at x5 magnification (AGFA Healthcare’s IMPAX

X-Ray Angio Analysis R1.0, Germany).

The diagnostic tests were carried out over two visits seven to 14 days apart by a trained
and calibrated investigator (SS), in a fully equipped dental surgery. At the first visit,
meticulous visual examination (ICDAS) (VEI) and the LF pen examinations (LF1) were
conducted. Orthodontic separators (3M Unitek separator modules, US) were then placed
between the primary molars which met the inclusion criteria. At the second visit, the two
examination methods were repeated, after removal of the separators (VE2, LF2). The order of
the examinations at each visit was selected randomly. The bitewing radiographs (RE) were
scored on a separate occasion. The examiner was blind to the previous scores of the other
examinations at all times, a nurse recorded the scores. A second examiner (CD) re-examined

10% of patients to assess the inter examiner reproducibility of the visual examination and re-



examined all the radiographs to determine the inter-examiner reproducibility of the

radiographic examination.

Within the following three weeks all participants were scheduled for dental extractions
under general anaesthesia in accordance with their initial treatment plan. The extracted teeth
provided a full range of stages of disease for the following reasons. The teeth extracted
usually had advanced caries in one proximal surface but no or less advanced caries on the
other. Other teeth are extracted for balancing reasons and these teeth again provided sound or

surfaces with initial caries, for analysis.

The examiner was trained in the use of the clinical, radiographic and histolgical codes and
criteria by a person experienced in calibration for clinical, epidemiological and research
studies (CD). Radiographs were interpreted using a modified Ekstrand criteria [17] (Table 1).
This modification involved the splitting of code 2 (caries involving the inner half of enamel
and outer third of dentine) into two codes, using the enamel dentinal junction as the dividing
landmark. This approach permitted comparison with previous studies undertaken with the
Ekstrand Criteria and traditional Downer criteria [18-21]. The examiner was trained and
calibrated in the use of these criteria. Inter- and intra-examiner reproducibility were assessed.

Kappa values for training were found to be 0.71 and 0.82 respectively.

Clinical examination was conducted using the ICDAS codes and criteria [9] (Table 1).
The examiner was trained and calibrated in the use of these criteria and codes. The inter- and
intra-examiner reproducibility of training was assessed by examining 10 randomly selected
patients. The Kappa values were found to be K=0.79 for both inter- and intra-examiner

reproducibility.

The LF pen was used in accordance with the manufacturer’s instructions using the probe

tip 1. Proximal surfaces were assessed by inserting the probe tip underneath the contact area



from the buccal and the lingual/palatal aspects and moved until the peak value was recorded.
The highest value of the two measurements (buccal and lingual insertion) was recorded and
the zero value was then subtracted [21]. The number was shown on the digital screen as well
as on the pen’s screen and recorded by the dental nurse. The measurements were interpreted
according to the manufacturer’s instructions (Table 1). An expert from the Kavo Company
(VM) trained the chief investigator on two occasions. The first session was conducted on
extracted teeth and the second training session involved the use of the LF pen on patients
after explanation and obtaining their consent. Involvement of participants, at different stages

of the study, is shown in Figure 1.

3. Histological validation

After all examinations had been performed, 542 surfaces were available for the histological
validation of the results obtained from the previous caries diagnostic tests. Figure 2 presents

the number of tooth surfaces analysed at each stage of the study.

Extracted teeth were stored at -20°C in a locked laboratory until use. The mesial surface
was then marked to aid identification of tooth surfaces after sectioning. Each tooth was
serially sectioned in a mesio-distal direction using a water cooled band saw 0.2 mm thick
(EXAKT-Apparatebau GmGH, Norderstedt, Germany) to achieve 5-8 cuts. Each section was

approximately 500 um thick. No teeth were lost during sectioning.

Each section was examined from both sides, by one of the authors (SS), under a
magnification of x15 using a stereo-microscope. After scoring all the sections of each tooth,
the highest score was given to the tooth surface. Digital images of histological sections were
taken, and scoring was done on a computer screen independently by both examiners (SS and
CD). The second examiner (CD) examined 10% of the histological sections to assess the

inter-examiner reproducibility of the histological examination. The criteria proposed by



Ekstrand [17] were used. The same modification used for the radiographic criteria was also
applied to these criteria (Table 1). The chief investigator was trained and calibrated in the use

of these criteria. The Kappa value of training was 0.79.

4. Statistical analysis

Validity of different diagnostic methods was assessed by calculating the sensitivity,
specificity, positive predictive value, negative predictive value, likelihood ratios positive and
negative, and the area under the receiver-operating characteristics (ROC) curves for each
diagnostic method using the SAS 9.2 programme. Data were analysed at three diagnostic
levels (D1, D3 and ERK3). Di: Do= health, Di- Ds = disease; Ds: Do-D2= health, D3-Ds =
disease; ERK3: Do- D3= health; Ds-Ds= disease) (Table 1). The ROC comparisons were
performed by using a contrast matrix to take differences of the areas under the empirical
ROC curves [22]. IBM SPSS statistics 21 and SAS 9.2 programmes were used to analyse
data. Simple descriptive analysis of all the variables was first conducted using SPSS statistics

21.

Inter- and intra-examiner reproducibility was assessed using the Kappa statistic (at D1 and D3

diagnostic thresholds).

Results

The sample available for the histological validation consisted of 356 primary molars, of these
213 (60%) were first primary molars and 143 (40%) were second primary molars. The
number of surfaces examined in each stage is shown in Figure 2. The initial visual
examination (VE1), LF pen examination (LF1), and radiographic examination (RE) showed
around 60% of surfaces to be sound. However, visual examination after TTS (VE2) and
histological examination revealed more carious lesions, therefore, the number of sound

surfaces declined in subsequent examinations. Table 2 presents the distribution of scores



from VEI1, VE2, RE, LFI1, LF2, and the histological assessment. The validity of different
detection methods is shown in Table 3. In all cases the specificity was higher than the

sensitivity.

At D; diagnostic threshold, meticulous visual examination after TTS (VE2) presented the
highest sensitivity, positive predictive value, diagnostic accuracy and likelihood ratio
positive. Radiographic examination showed the lowest sensitivity and the highest specificity
of all examinations. The negative predictive values were relatively low for all examinations at
the D diagnostic threshold due to the high number of false negatives detected by these
methods especially for radiographic examination where a large number of enamel carious

lesions were scored as sound.

For the detection of dentine caries, radiographic examination showed the highest
sensitivity and specificity of all examinations while visual examination demonstrated the
lowest sensitivity. The LF pen (LF1) had higher sensitivity and lower specificity than visual

examination (VEI).

Examining the areas under the ROC curve (Az) to compare the five methods a number of
further findings can be seen (Table 4). Radiographic examination (RE) and TTS (VE2)
significantly improved the validity of meticulous visual examination (VE1) at both diagnostic
thresholds. However, there was no difference in the area under the curve at the Dy diagnostic
threshold and a superior validity at the D3 diagnostic threshold when radiographs were
compared with visual examination after TTS (VE2). The LF pen was not better than visual
examination at the D3 threshold but was superior at D; diagnostic threshold. Again the LF
pen’s performance was only better at D3 when separation was used (LF2) in comparison to
unseparated examination by the device (LF1). Radiographic examination was significantly

more valid compared to all other methods at the D3 diagnostic threshold. Of particular
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interest is that radiographic examination was of equal validity to meticulous visual
examination after TTS (VE2) at the D diagnostic threshold and significantly better at the D3

diagnostic threshold.

Histological examination showed perfect agreement between examiners at D level and
almost perfect agreement at D3 level with a Kappa value of 0.87. All methods of examination
showed good intra- and inter-examiner reproducibility ranging from substantial (0.73) to

almost perfect (0.95) (Table 5).

Discussion

Accurate detection and diagnosis of dental caries is fundamental to evidence-based care
planning for children. It is important to first fully determine each child’s caries risk status in
order to devise an appropriate prevention and operative strategy. Early interventions are
directed at arresting the caries process, and may obviate the need for restoration [1]. The
benefits of this approach are obvious in reducing the burden of disease for children and their

families, reducing potential stress for the clinician, and saving costs for health services.

This study is one of very few studies to look at the validity of diagnostic methods for the
detection of proximal caries in primary teeth in-vivo, with histological validation and with a
sample size calculation. The sample size calculation showed the need for 262 surfaces.
Overall, the study sample provided 542 surfaces which were subject to histological validation
for visual (VE1), radiographic (RE) and LF pen (LF1) examination. However, for those
samples which were subject to visual examination and LF pen examination after temporary
tooth separation (VE2, LF2), 237 and 226 surfaces respectively were validated histologically.
The sample size calculations were based on a carious prevalence including code 6 lesions
(n=142). However, these surfaces were subsequently excluded because these clearly

identifiable large lesions inflate the sensitivity. If these surfaces had been included the sample

11



size would have exceeded the sample size required. Therefore, the results for all diagnostic

methods are valid.

This study used a full mouth testing approach rather than pre-selecting sites, surfaces or
teeth to experimental testing, which avoids the biases inherent in this latter approach and
matches much more closely the real life situation [15, 23, 24]. Also the investigator was blind
to which teeth had been treatment planned for extraction, thereby reducing any potential bias.
However, this protocol made it impossible to obtain equal numbers of surfaces at all stages.
In addition, in the case of TTS, if the child lost or removed the separators, the data would be
lost in the present study. In contrast, in other studies, the investigators reinserted the
separators and brought the patient back for a third visit in order to obtain the necessary data

[5, 23, 24].

For the detection of enamel caries, visual examination after TTS was found to have
superior validity. The use of separation helped the visual detection of white lesions which
could not be detected by other methods, hence, were diagnosed as false negatives leading to
low negative predictive values of these methods at D; level. However, all methods had high
positive predictive values showing that they are good at confirming the presence of the

disease.

Radiographic examination had the lowest sensitivity at the (D) level of diagnosis which
agrees with the findings of previous studies [5, 15, 23]. Although histological examination
showed 35% of surfaces to have enamel caries, radiographic examination showed only 11%
of the surfaces to have enamel caries which shows that radiographic examination was only
able to detect less than one third of the enamel lesions. A systematic review of the validity of
methods for the detection of non-cavitated carious lesion has also shown radiographic

examination to have poor results for the detection of these lesions [25]. It also had a

12



likelihood ratio close to 1 indicating that the method is the least valuable for showing the

absence of the disease at enamel diagnostic threshold.

ROC comparison of the different methods assessed in this study showed radiographic
examination to be only better than visual examination (VE1) for the detection of proximal
caries at the D level. Visual examination with TTS (VE2) and the LF pen (LF1) were both

similar to radiographic examination at this level of diagnosis.

For the detection of dentine caries, radiographic examination has been shown to have the
highest sensitivity of all the diagnostic methods, which agrees with the findings of Novaes
and colleagues [5], but disagrees with the findings of Shoaib et al [6] and Braga et al [3] who
found the visual examination to be better than radiographic examination for the detection of
proximal caries. Their findings [3, 6] may be attributed to the fact that their study was in-vitro
and it is impossible to simulate the in-vivo settings in-vitro. Visibility and mobility of the
proximal surfaces is always higher in-vitro than in-vivo. In the present study, ROC
comparison showed radiographic examination to be significantly better than the other

methods at this threshold.

The LF pen showed a trend for better performance at a more advanced threshold,
consistent with findings from previous studies on the LF pen in proximal surfaces [5, 23,
26]. The specificity of the LF pen was higher than the sensitivity for all thresholds which
agrees with other studies conducted in primary teeth [27]. Although the LF pen had higher
sensitivity than visual examination at the D3 threshold, its specificity was lower than that for
visual examination at the same level of diagnosis. Therefore, the ROC comparison of the two
methods showed no difference in the performance of both methods at the D3 threshold. It was
felt during the clinical examination that the insertion of the LF pen head between the teeth

was difficult due to the tight and wide contacts. Therefore, it was assumed that TTS would

13



improve the validity of the LF pen examination. These results showed TTS to improve the
performance of the LF pen at D3 level only. However, for visual examination, the validity
was improved at both levels of diagnosis. This agrees with the findings of a recent study

(Ribeiro et al, 2015).

This is the first study to use histological examination (gold standard) for the validation of
the findings. The obvious limiting factor with histological validation is that the tooth must be
sectioned after examination in order to validate the results of the clinical examination.
Experimental teeth must therefore be collected following extraction or physiological
exfoliation. Clearly unless clinically indicated, it would be unethical to extract teeth purely
for research purposes, and the problem with awaiting natural exfoliation is that there is no
control over the time period between the examination and exfoliation. The in-vivo study of
Rocha and colleagues [28] utilised teeth which had exfoliated up to 45 days after they had
been tested with the LF pen and Ribeiro and colleagues [15] have also utilised teeth which
had exfoliated up to two months after the last examination. It is argued that during this time
period caries could have progressed leading to an underestimation of lesion size by the
method used for examination, also using teeth close to exfoliation may not represent findings
in the general population. While this may be unlikely in this short interval, investigators
should bear in mind the rapid progression rate of some carious lesions in primary teeth which
may reduce the sensitivity of the method assessed if there is an extended time lapse between
examination and subsequent collection of the tooth sample. To avoid this potential problem,
all patients in the present study were booked for their dental GA by the investigator. This
ensured that tooth extractions occurred expediently following caries diagnosis; the time

between initial examination and tooth collection was usually in the order of 2-3 weeks.

Most studies which have previously assessed the validity of caries diagnostic approaches
have presented findings in terms of sensitivity and specificity. A recent systematic review of

14



methods for caries detection found that only five studies reported predictive values (positive
and negative), and only three studies reported likelihood ratios [29]. Reference was therefore
made to the Cochrane handbook for systematic reviews of Diagnostic Test Accuracy (DTA),
which stipulates the standards which should be considered when analysing the quality of
diagnostic  studies (http://www.cochrane.org’/handbook). Thus all appropriate tests
recommended by the DTA, which included predictive positive and negative values and the
likelihood ratios, have been reported in the present study. However, an acknowledged
limitation is that the results are based on the examination of only one trained and calibrated
examiner. A second limitation is that the study did not consider the concepts of activity, only

considered the extension of caries.

In conclusion, this study is unique in that it is the only adequately powered study to examine
the diagnosis of proximal caries in primary teeth with histological validation, using

meticulous caries diagnosis (ICDAS), radiographs, LF pen and TTS.

The results of this study are complicated but the simple message is:

Although all diagnostic methods offered some benefit in specific clinical situations,
preventive practice would be facilitated by the adoption of ICDAS supported by TTS as this
had the highest sensitivity for the identification of D1 caries lesions. For the identification of
D3 lesions, ICDAS must be supported by bitewing radiographs as they had the best

performance for the detection of lesions in to dentine.

Why this paper is important to Paediatric Dentistry:

e This is the first adequately powered clinical study to examine the detection and diagnosis
of caries in primary teeth with accompanying histological validation.
e The findings highlight that clinical visual examination alone is not able to detect all

proximal caries in primary teeth.

15
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e The study has important clinical relevance by confirming that temporary tooth separation
was the best method for the detection of enamel caries whileradiographs were superior

for the detection of dentine caries in proximal surfaces of primary teeth.
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Table 1. The relationship between the histological scores and the clinical codes and criteria at

each level of diagnosis.

Table 2. The distribution of scores from VE1, VE2, RE, LF1, LF2, and for the histology.

Table 3. The diagnostic parameters of the examination methods used at three levels of

diagnosis

Table 4. Comparison of areas under the ROC for different detection methods of proximal

caries in primary teeth

Table 5. Intra- and inter-examiner reproducibility of the proximal caries detection methods in

primary molars

Figure 1. Study flowchart showing the general outline of the research study.

Figure 2. The number of tooth surfaces histologically validated for each diagnostic

examination
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Table 1 The relationship between the histological scores and the codes and criteria of clinical
examination, radiographic examination and the LF pen at each level of diagnosis.

(

inner third of
dentine

Histological Histological ICDAS score RE | LF pen | Level of
section Score (visual) score | score | analysis
Score 0, 0
no enamel 0 0-7 Sound
) .. Sound tooth surface
demineralisation
Score 1
. L 1
demineralization )
. visual change seen 1
in the outer half of ) )
after air drying
enamel
Score 2 8-15 D
demineralisation
extending to the > 2
inner half of .
white or brown
enamel ) ;
discoloration of
Score 3 enamel seen without
demineralisation air drying
. 3 D3
in the outer one
third of dentine
Score 4 3, micro cavitation
demineralisation of enamel surface
extending to the 4, intact surface 4 >16
middle third of with underlying
dentine shadow ERK3
Score 5
demineralisation
extending to the >, 6 5
g Cavitation

RE=radiographic examination, LF pen=laser fluorescence pen, Di: Do= health, D;- Ds = disease; Ds:
Do-D,= health, Ds;-Ds = disease; ERKj3: Do- Ds= health; D4-Ds= disease
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Table 2 The distribution of scores from VE1, VE2, RE, LF1, LF2, and for the histology.

Score VE1 VE2 RE LF penl LFpen2 Histology
Ny B N R N B N R N (B N (%)
0 649 63 166 37.1 600 58.5 118 21.7
1 22 2.1 17 3.8 79 7.7 60 11
2 175 17 161 36 65 6.3 133 245
3 11 1.1 10 22 155 15 61 11.2
4 63 6.1 20 4.5 62 6.0 36 6.6
5 110 107 73 163 42 4.1 134 247
Not 27 2.1
seen
Do 603 583 207 49.6
D1 137 7.7 68 16.3
D3 290 282 142 347

Total 1030 100 474 100 1030 100 1030 100 417 100 542 100

VE2= visual examination after TTS, LF pen 2= LF pen examination after TTS, RE=radiographic
examination, Di: Do= health, D;- D5 = disease; D3: Do-D>= health, D3-Ds = disease
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Table 3 The diagnostic parameters of the examination methods used at three levels of
diagnosis

VE1 VE2 RE LF penl LF pen2

Sensitivity

D 0.52 0.75 0.14 0.58 0.60

D3 0.43 0.49 0.71 0.63 0.65
ERK3 0.55 0.63 0.86 0.71 0.77
Specificity

D; 0.89 0.88 0.97 0.85 0.77

Ds 0.93 0.93 0.98 0.87 0.88
ERKj3 0.93 0.90 0.94 0.83 0.81
PVP (%)

Dy 94 97 95 93 94

D3 82 88 96 78 84
ERKj3 77 77 88 65 66
PVN (%)

Dy 34 35 25 36 24

D3 69 65 82 76 72
ERK3 82 83 94 87 88
DV

Dy 60 77 33 64 63

D3 72 72 87 77 76
ERKj3 81 81 92 79 80
LR +ve

Dy 4.69 6 5.41 3.82 2.67

D3 6.39 7.37 35.67 4.86 5.30
ERK3 7.64 6.6 15.37 4.13 4.2
LR —ve

D 0.54 0.29 0.88 0.49 0.51

D3 0.61 0.54 0.30 0.43 0.40
ERK3 0.48 0.41 0.15 0.35 0.29

Az (95% confidence limits)

D; 0.70(0.67-074)  0.83(0.77-0.88)  0.75(0.72-0.78)  0.78(0.74-0.82)  0.70 (0.61-0.79)

Ds 0.76 (0.72-0.79)  0.80(0.75-0.85)  0.89 (0.87-0.92)  0.83 (0.80-0.87)  0.83 (0.78-0.88)

ERK; 0.79(0.75-0.83)  0.80(0.74-0.86)  0.92 (0.89-0.95) 0.86 (0.83-0.89)  0.83 (0.77-0.89)

PVP=Predictive value positive, PVN=Predictive value negative, DV=Diagnostic value, LR=Likelihood
ratio, Az=Area under the ROC. D;: Do= health, D;- D5 = disease; D3: Do-D,= health, D3-Ds = disease;
ERKG3: Do- D3= health; D4-Ds= disease

24



Table 4 Comparison of areas under the ROC for different detection methods of proximal
caries in primary teeth.

Detection methods At D diagnostic level At D3 diagnostic level
compared Difference P value Difference P value
VE1 x VE2 VE2 > VEI1 <0.01 VE2 > VE1 <0.01
VEI1 x LF1 LF1 > VEI1 <0.01 No difference 0.09
VE1 x RE RE >VEl1 0.04 RE > VEI1 <0.01

LF1 x RE No difference 0.60 RE > LF1 <0.01
LF1 x LF2 No difference 0.36 LF2 > LF1 0.02
VE2 x LF1 No difference 0.72 No difference 0.25
VE2 x RE No difference 0.60 RE > VE2 <0.01
VE2 x LF2 VE2 > LF2 0.01 No difference 0.432

VEI=visual examination before temporary tooth separation, LF1=LF pen examination before
temporary tooth separation, RE=radiographic examination, VE2=visual examination after temporary
tooth separation, LF2=LF pen examination after temporary tooth separation

25



Table S Intra- and inter-examiner reproducibility of the proximal caries detection methods in

primary molars

Examination method

Kappa value (95% CI)

D1

D3

Intra-examiner

Visual examination

0.76 (0.70-0.81)

0.83 (0.77-0.89)

Radiographic examination

0.91 (0.84-0.98)

0.95 (0.89-1)

LF pen examination

0.75 (0.70-0.79)

0.77 (0.72-0.82)

Histological examination

1(1-1)

0.88 (0.77-0.99)

Inter=examiner

Visual examination

0.76 (0.60-0.91)

0.85 (0.71-0.99)

Radiographic examination

0.73 (0.69-0.77)

0.79 (0.76-0.83)

Histological examination

1(1-1)

0.87 (0.76-0.99)
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Figure 2. Study flowchart showing the general outline of the research study.

New Patient Assessment Clinic

e Bitewing radiographs taken as part of normal
practice

e Treatment plan provided by consultants

e Invitation to participate in the study, if patient met
inclusion/exclusion criteria

e Information + consent forms provided

Il

First Visit (in-vivo study) with chief investigator

Consent obtained

Visual examination (VE)

Laser fluorescence (LF) pen examination
Preventive measures as prescribed

10% of participants examined by reference
examiner to assess inter-examiner reproducibility
e Insertion of orthodontic elastic bands

!

Second Visit (after one week) with chief investigator

e Second VE and LF pen examination of non-
separated surfaces for intra-examiner
reproducibility

e Visual examination after tooth separation

e Further prevention or restorative treatment as

prescribed

GA extraction visit (as scheduled)
e Investigator collects extracted teeth

Il

Histological validation of caries diagnosis +
reproducibility
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Figure 2. The number of tooth surfaces analysed at each stage of the study.

Radiographic examination
(1030 surfaces)

Histological validation
(542 surfaces)

First examination of surfaces before TTS

Meticulous visual examination
(1030 surfaces)

LF pen examination
(1030 surfaces)

!

Histological validation
(542 surfaces)

Histological validation
(542 surfaces)

Second examination of surfaces after TTS

Meticulous visual examination
(447 surfaces)

LF pen examination
(417 surfaces)

Histological validation
(237 surfaces)

Histological validation
(226 surfaces)
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