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A B S T R A C T

Objective: The objective was to evaluate the ability of photothermal-radiometry and modulated-luminescence
(PTR/LUM) to detect non-cavitated approximal caries lesions, including the effect of scanning direction.
Methods: Thirty human extracted premolars were selected based on micro-computed tomography [μ-CT: μ-
CT=0: sound (n=12), μ-CT= 1: lesions into outer-half of enamel (n= 6), μ-CT= 2: lesions into inner-half of
enamel (n= 6), and μ-CT=3: lesions into outer one-third of dentine (n= 6)]. Teeth were mounted in a custom-
made device to simulate approximal contact. Each tooth was scanned from three directions: buccal, lingual, and
occlusal, then repeated 48 h later. Statistical analyses were performed by bootstrap analyses using average and
maximum values across all directions. Sensitivity, specificity, area under ROC-curve (AUC), intraclass correla-
tion coefficient (ICC) and correlation with μ-CT were calculated. Sensitivity was further evaluated based on
lesion extension.
Results: Using the manufacturer-suggested lesion cut-off, overall sensitivity ranged from 3%–61%, where the
maximum value of all measurements (All-max) showed higher sensitivity (61 %) than other measurements
except the buccal direction, which was also higher than the lingual and occlusal directions. As μ-CT score
increased from μ-CT= 1–3, the sensitivity of All-max also increased from 50 % to 74 %. Specificity was 100 %
regardless of direction, and AUC ranged from 0.65 to 0.88. All-max had the highest ICC (0.74). PTR/LUM values
showed weak to moderate correlations with μ-CT.
Conclusion: Within the limitations of this in vitro study, PTR/LUM non-cavitated approximal caries lesion de-
tection achieved best individual results from the buccal direction, while using the maximum value from all
directions might improve performance.
Clinical significance: Non-cavitated approximal caries detection is a challenging procedure. PTR/LUM is a non-
destructive, no ionized-radiation caries detection method that can scan from buccal, lingual, and occlusal di-
rections of an approximal surface. PTR/LUM seems suitable to detect deeper non-cavitated approximal caries.
The maximum PTR/LUM value from three directions may be optimal.

1. Introduction

In the past decades, dental caries as one of the most common dis-
eases, affects 60–90 % of children and nearly 100 % of adults world-
wide [1]. Although many efforts are used to improve oral health, the
prevalence of dental caries still significantly increased [2]. In 2010, 2.4
billion adults suffered from untreated dental caries, while 621 million
children suffered from untreated deciduous teeth caries [3]. The com-
plications caused by dental caries not only include teeth pain, teeth
loss, but also may cause systemic infection [4], which negatively

impacts quality of life. Therefore, management of dental caries amongst
the world population is still a huge challenge for all dental profes-
sionals.

Dental caries is determined by the balance of pathological factors
and protective factors [5]. Dental caries can exist under intact tooth
surfaces, which is called non-cavitated caries [6]. Intervention methods
depend upon the extension of dental caries. At non-cavitated stages,
also known as early stage caries, lesions were from the first signs of
demineralization through to the presence of dentinal lesions, non-in-
vasive and micro-invasive treatment methods should be considered in
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order to maximize preservation of dental tissue [7]. In order to apply
those treatment methods, detecting dental caries as early as possible is
required.

Visual examination, tactile assessment, and radiographs are the
three common and traditional methods to detect dental caries. For
approximal caries detection, the adjacent teeth make visual examina-
tion difficult [8]. Tactile assessment means using dental sharp explorer/
periodontal probe/CPI probe to feel the texture of teeth surfaces. Using
the probe to determine the softness or tackiness of dental caries is
subjective [9,10]. For bitewing radiographs (BW), the sensitivity is
50–70% and specificity is 70–97% when detecting lesions reaching into
the dentine (both approximal and occlusal), which still means around
half of approximal caries were missed by BW [11]. Digital radiographs
(DR) are more and more popular in recent years, and may perform
better than conventional film radiography when detecting approximal
surfaces [12]. However, when detecting non-cavitated approximal
caries, both BW and DR showed similar sensitivity, only 45%–55%
[13].

In order to accurately detect the initial signs of enamel deminer-
alization, objective and non-invasive detection methods have been de-
veloped and investigated over the past decades [14]. Photothermal
radiometry and modulated luminescence system (PTR/LUM) is one of
the methods which has the ability to detect early caries lesions without
ionizing radiation [15]. Briefly, the principle of PTR/LUM is when low
pulses of laser are absorbed by a tooth, some of the light is converted to
heat, and other is emitted back. Measurement of the reflected heat and
light provide information about the severity of tooth demineralization
[16]. When using PTR/LUM to detect pit and fissure caries, it showed
higher sensitivity and specificity than traditional methods, e.g. visual
examination, radiography and red laser fluorescence device [17]. A
multi-center clinical evaluation of PTR/LUM showed it was safe for
clinical application during a 17-month span and also could distinguish
healthy smooth and occlusal surfaces [International Caries Detection
and Assessment System II (ICDAS II) score 0] from caries surfaces [18].
In another in vitro study, a total of 60 occlusal surfaces ranging from
sound to non-cavitated lesions (ICDAS II scores 0–4) were assessed. The
sensitivity of PTR/LUM was 85 %, and the specificity was only 43 %
[19].

PTR also showed the ability to detect approximal artificial demi-
neralized lesions in simulated approximal contact area [20,21]. When
detecting approximal caries in primary molars as compared with BW in
vivo, the sensitivity of PTR/LUM (81 %) was similar, and the specificity
of PTR/LUM (35 %) was significantly lower than BW [22]. Another
study showed that the sensitivity of PTR/LUM (93.3 %) was better than
ICDAS II and BW; the specificity of PTR/LUM (82.5 %) was not sig-
nificantly different from ICDAS II and BW [23]. These results indicated
controversial findings. Therefore, the ability of PTR/LUM to detect
approximal caries appears to need further evaluation, especially non-
cavitated approximal caries.

Besides these controversial results, it is also not clear which scan-
ning direction, buccal, lingual and/or occlusal, performs better and/or
which value is reliable. According to the manufacturer’s instruction,
PTR/LUM should be scanned from occlusal, buccal and lingual surfaces
to locate approximal caries. In that way, the examiner would get at least
three PTR/LUM values. However, the manufacturer did not mention
about how to choose appropriate PTR/LUM values, e.g. the real mea-
surement value, the average value, or the maximum value. One study
scanned from two directions: two scans from the buccal approximal
area and two scans from the lingual approximal surfaces and then ac-
cepted the maximum value of those four measurements [24]. Another
study scanned at the corresponding marginal ridge, at the angle of
buccal and lingual surface and then accepted the maximum value of
those three measurements [23]. Since there is no standard procedure
for scanning direction and how to evaluate the measurement values,
they need to be evaluated.

The primary purpose of this study was to assess the ability of PTR/

LUM to detect non-cavitated approximal caries in premolars. The sec-
ondary purpose was to evaluate the most effective measurement di-
rection for detection.

2. Materials and methods

2.1. Teeth preparation and model assembly

Thirty human extracted premolars were selected (sound to non-ca-
vitated lesions into the outer one-third of the dentine) based on micro-
computed tomography (μ-CT).

2.1.1. Teeth selection
Extracted human teeth had been collected from dental practitioners

across the State of Indiana and transported in 0.1 % thymol solution. A
total of 50 premolars that had sound or non-cavitated caries on ap-
proximal surfaces were selected. Teeth with visible defects, stains, ob-
vious fluorosis or cracks on any surfaces were excluded. All teeth were
cleaned with Robinson’s brush under water on a slow speed rotary
handpiece. All teeth were kept separately in 0.1 % thymol solution in an
air-tight humid container at 4 °C. The collection of human teeth for use
in dental laboratory research had been approved by the Indiana
University Institutional Review Board.

2.1.2. Initial μ-CT image acquisition
To estimate the lesion extension, all teeth were scanned using μ-CT.

The teeth were mounted and secured on Lego® bricks (The LEGO
Group, Billund, Denmark) using utility wax (Heraeus Kulzer Inc.,
Lafayette, IN, USA). The μ-CT images were acquired using a Skyscan μ-
CT instrument (Skyscan 1172, Kontich, Belgium) at 80 kV, 134 μe, 8.9
μm pixel size resolution with an Al+Cu filter. Using NRecon version
1.6.6 software (Bruker microCT, Kontich, Belgium), a two-dimensional
(2D) image was reconstructed. The axial views of the 2D images were
observed and scored using image display software (CT-Analyser, Bruker
microCT, Kontich, Belgium) by two experienced examiners in-
dependently according to the criteria previously described [25]. The
deepest lesion extension was used to determine lesion extension. In case
of disagreement, the examination was performed again until consensus
agreement was achieved. Among the selected 50 teeth, thirty teeth were
included in this study. The final distribution of the 30 study teeth was as
follows: sound surface (μ-CT= 0: n= 12), lesion in the outer half of the
enamel (μ-CT= 1: n= 6), lesion in the inner half of the enamel but not
extending beyond the dentin-enamel junction (μ-CT= 2: n=6), and
lesions in the outer one third of the dentin (μ-CT= 3: n= 6). Two
additional sound premolars were also selected as neighbor teeth for the
model.

2.1.3. Model assembly
The 30 study teeth and additional two neighbor sound teeth were

then mounted and secured on plastic Lego® bricks using Triad® visible
light cure resin (DENTSPLY International, Inc., York, USA). The resin
was applied around the root and the cervical part of the teeth at the
level of the cemento-enamel junction to resemble the thickness and
anatomy of the gingiva. Approximal contact against the sound neighbor
tooth was confirmed using dental floss. Fig. 1 shows the three views of
simulated model. The assembled models were kept in a container with
wet gauze to maintain humidity.

2.1.4. Final μ-CT image acquisition as a gold standard
To confirm the lesion depth and acquire the standardized μ-CT

images, all study teeth were scanned again using μ-CT as described
previously in 1.2 Initial μ-CT image acquisition.

2.2. PTR/LUM examination

The PTR/LUM instrument (Canary System®, Quantum Dental
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Technologies, Toronto, Ont., Canada) was used with the quick scan
setting under the manufacturer’s instruction. The examiner, who was
trained to perform PTR/LUM examination, was independent of the one
who selected teeth and the two who scored the teeth by μ-CT criteria.
The model was assembled immediately after the tooth was taken out of
the container. Each tooth was scanned from three directions: buccal,
lingual, and occlusal [three occlusal locations: perpendicular to the
marginal ridge just above contact point (Occlusal-middle) and 1mm
shifted to buccal (Occlusal-buccal) and 1mm shifted to lingual
(Occlusal-lingual)]. To make this 1mm shift, the precision microscope
mechanical stage was used to locate the scanning points (Fig. 2). This
mechanical stage includes controls that allow precise movement of the
specimen slide.

Each PTR/LUM scan was given a number rating (Canary Number,
0–100). Based on the manufacturer’s instruction, the healthy zone
(Canary Number: 0–20) indicates no evidence of caries lesions, Canary
Number 21–70 indicates decay, while Canary Number 71–100 indicates

advanced decay [16]. For each scan, PTR/LUM value was recorded.
Before scanning, to standardize hydration, the buccal and lingual sur-
faces and the marginal ridge were moistened by cotton pellet with
deionized water for 1min. The manufacturer recommended PTR/LUM
could be used for detection on a wet surface, just avoiding pools of
water or saliva, because PTR/LUM value showed no significant differ-
ence in signal whether the tooth surface was wet or not [26]. In order to
evaluate intra examiner repeatability, all measurements were repeated
48 h later.

2.3. Statistical analysis

Statistical analyses were performed using the following nine values:
Buccal, Lingual, Occlusal-middle, Occlusal-buccal, Occlusal-lingual,
average (Occlusal-average) and maximum value (Occlusal-max) of
three occlusal locations, average value (All-average) and maximum
value (All-max) of all measurements. Intraclass correlation coefficients

Fig. 1. This figure shows a model to simulate approximal contact: A) buccal view, B) occlusal view, and C) lingual view.
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(ICC) were used to evaluate intra examiner repeatability. Sensitivity,
specificity, area under ROC curve (AUC), correlation with μ-CT and
were calculated using bootstrap analyses.

2.4. Sample size calculation

Data from previous studies indicated a correlation of approximately
0.7 between methods. With a sample size of 10 sound teeth and 5 teeth
for each of E1, E2, and D1, the study was designed to have 80 % power
to detect a difference in the area under the ROC curve of 0.23 (0.67 vs.
0.90), assuming a two-sided test with a 5 % significance level.

3. Results

Summary statistics of PTR/LUM values for each direction were
shown in Table 1. Typical cross-sectional images of μ-CT images were
presented in Fig. 3.

3.1. Sensitivity

Overall sensitivity was shown in Fig. 4 and Table 2, and sensitivity

at three μ-CT thresholds were presented in Fig. 4.
For overall sensitivity, All-max measurements (61 %) was sig-

nificantly higher than Lingual, Occlusal-middle, Occlusal-buccal,
Occlusal-lingual, Occlusal-average, Occlusal-max, and All-average
measurements (p < 0.001). Overall sensitivity for Buccal (47 %) was
significantly higher than Lingual (p= 0.015), Occlusal-middle
(p= 0.009), Occlusal-buccal (p= 0.010), Occlusal-lingual
(p= 0.001), Occlusal-average (p= 0.015), Occlusal-max (p=0.050),
and All-average measurements (p= 0.002).

As for the sensitivity at three μ-CT scores, it increased as μ-CT score
increased for Buccal and All-max measurements. For μ-CT=1, sensi-
tivity was significantly higher for All-max measurements (50 %) than
for Occlusal-middle (p= 0.027) and Occlusal-lingual (p= 0.027). For
both μ-CT=2/μ-CT=3, sensitivity was significantly higher for All-
max measurements (58 %/74 %) than for Lingual (p= 0.006/0.007),
Occlusal-middle (p=0.046/0.001), Occlusal-buccal (p= 0.020/
0.001), Occlusal-lingual (p= 0.006/0.001), Occlusal-average
(p= 0.046/0.001), Occlusal-max (p=0.046/0.007), and All-average
measurements (p= 0.006/0.007). For μ-CT= 2, sensitivity was sig-
nificantly higher for Buccal (42 %) than for Lingual (p= 0.046),
Occlusal-lingual (p= 0.046), and All-average measurements
(p= 0.046). As for μ-CT= 3, sensitivity was significantly higher for
Buccal (66 %) than for Occlusal-middle (p=0.034), Occlusal-buccal
(p= 0.007), Occlusal-lingual (p= 0.034), and Occlusal-average
(p= 0.034) measurements.

3.2. Specificity, AUC, correlation with μ-CT, and ICC

Specificity, AUC, correlation with μ-CT, and ICC are presented in
Table 1. Specificity of all measurements was 100 %. The AUC ranged
from 0.65 to 0.88. Fig. 5 shows the ROC curves for each probing di-
rection. AUC was significantly lower for Occlusal-buccal than Occlusal-
average (p=0.032), All-average (p=0.006), and All-max measure-
ments (p=0.025). For Lingual, AUC was significantly lower than All-
average measurements (p=0.021). PTR/LUM showed weak to mod-
erate correlations with μ-CT scores. Among all measurements, All-max
had the highest ICC (0.74), while the ICC of the other measurements
were 0.24-0.64.

4. Discussion

Technology-based caries detection methods, such as Quantitative
light-induced fluorescence (QLF), red laser fluorescence device
(DIAGNOdent: DD, KaVo, Biberach, Germany), near infrared light
transillumination (NILF), and optical coherence tomography (OCT),
have been developed in the past years. When detecting approximal
enamel and dentinal caries, QLF has comparable performance to the
visual inspection and radiography [27]. DD has better value when de-
tecting occlusal caries rather than approximal surfaces [28]. NILF has
similar sensitivity and specificity to DR when detecting non-cavitated
approximal caries [29]. OCT can be used in many aspects, e.g. in-
dicating tooth demineralization [30], measuring enamel thickness [31],
monitoring early enamel occlusal caries and lesion progression over
time [32,33]. However, there are no published studies about using OCT
to detect non-cavitated approximal caries of posterior teeth, especially
with the adjacent teeth existing.

PTR/LUM is another non-invasive, non-ionizing radiation, non-
contacting method to detect caries. PTR/LUM value (Canary Number)
are calculated from PTR-amplitude response, PTR-phase response,
LUM-amplitude response, and LUM-phase response, which measure the
reflected heat and light [18]. PTR/LUM value showed good correlation
with volume of demineralized tissue and the lesion depth measured
with TMR results [20,34] and μ-CT mineral loss measurements [20],
when detecting smooth surface and occlusal caries. Based on the
manufacturer’s instruction, the decay zone (Canary Number: 21–70)
indicates lesions with depth of 532 ± 322 μm, and the advanced decay

Fig. 2. This figure shows how precision of occlusal scanning was performed. A
microscope mechanical stage was used to locate the scanning points.

Table 1
Summary statistics of PTR/LUM values for each probing direction.

Probing Direction N Mean (SD) Median (Q1, Q3) Min Max

Buccal 30 18.2 (3.8) 18 (15, 20) 12 26
Lingual 30 17.2 (3.5) 18 (16, 19) 11 26
Occlusal-middle 30 16.7 (3.7) 17 (14, 19) 9 28
Occlusal-buccal 30 15.3 (3.3) 15 (14, 17) 9 23
Occlusal-lingual 30 14.8 (3.9) 16 (12, 18) 7 24
Occlusal-average 30 15.6 (3.1) 16 (13, 18) 9.7 23.7
Occlusal-max 30 17.7 (3.3) 18 (15, 19) 11 28
All-average 30 16.4 (2.7) 18 (14, 18) 10.8 23.2
All-max 30 19.9 (3.6) 19 (17, 23) 13 28
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zone (Canary Number: 71–100) indicates lesion depth of
1057 ± 441 μm [35].

4.1. Ability of PTR/LUM for detection of non-cavitated approximal caries

The overall sensitivity of All-max was 61 % in this current study. As
the severity of caries increased (from μ-CT= 1–3), the sensitivity of All-
max increased from 50 % to 74 %. Overall sensitivity for Buccal was 47
%, it also increased from 33 % to 66 % as the severity of caries in-
creased. There are no published articles mentioning that deeper caries
appeared to be detected easier than enamel lesion by PTR/LUM. This
current study clarified that PTR/LUM might be more reliable to detect
deeper approximal lesions, especially dentinal lesions. For the occlusal
direction, the three locations (perpendicular to the marginal ridge just
above contact point, 1-mm shifted to buccal and 1-mm shifted to lin-
gual) did not show significant differences for sensitivity. Occlusal-max
had the highest sensitivity value (16 %) among all occlusal measure-
ments. Since natural caries does not develop as uniformly as artificial
caries, it’s impossible for an examiner to know the location and the
geometry of natural caries [36]. Therefore, scanning multiple locations
and using the highest value will be recommended.

When comparing the results across studies, multiple factors need to
be considered [37]: 1) in vivo or in vitro studies; 2) the method for
obtaining a ‘gold standard’; 3) the origin of the study teeth; 4) pre-
valence of caries in the in vivo samples, or simulation techniques ap-
plied in in vitro studies; 5) disease cut-off value. Taking into con-
sideration of those factors, we compared this current study with two

prior studies. PTR/LUM showed higher sensitivity (93.3 %) than this
current study in one in vitro study [23], possibly due to the sample
population. The prior study included all types of extracted teeth with
cavitated and non-cavitated lesions. As this current study demonstrated
that PTR/LUM may be more suitable for deeper caries detection, an-
other study concluded deeper dentinal caries and cavitated lesions may
be the reason for achieving higher sensitivity [38], which may explain
the higher sensitivity of PTR/LUM than found in current study. For
another in vivo study [22], the sensitivity of PTR/LUM was 81 % when
detecting approximal caries of primary molars, with bitewing radio-
graphs as the gold standard. In this current study, when the caries ex-
tended to the outer one-third of dentine, the sensitivity of All-max was
74 %, which was comparable to that in vivo study. They included more
than half of teeth with no radiographic radiolucency, and only 4 % of
teeth (3/75) with dentinal radiographic radiolucency. The sample po-
pulation was quite opposite with this current study, which included
more than half of teeth with non-cavitated caries. This result may re-
mind researchers to do more research based on different caries exten-
sions.

4.2. Repeatability of PTR/LUM

Intraclass correlation coefficients (ICC) were used to evaluate intra
examiner repeatability. This current study showed the lowest ICC was
0.24 (Occlusal-lingual) and the highest ICC was 0.74 (All-max). This
indicates that PTR/LUM may not be able to repeat, which is supported
by others. In vitro detection of occlusal caries on permanent teeth

Fig. 3. This figure represents typical cross-sectional images of μ-CT image for each category. White circle indicates location of caries lesion.

Fig. 4. Overall sensitivity and sensitivity based on μ-CT lesion extension.
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showed that the ICC value of intra-examiner repeatability ranged from
0.33 to 0.63, which was similar with this current study [19]. An in vivo
study showed that the diff ;erence of maximum and minimum PTR/
LUM values per study tooth ranged from 2 to 52 [22]. There are two
potential reasons for presenting lower repeatability. One can be the
strict scanning diameter of PTR/LUM and the other reason can be
characteristics of natural caries lesions, which is natural caries lesion do
not develop uniformly. The scanning diameter of PTR/LUM is 1.5mm.
It is not easy to reposition the PTR/LUM handpiece at the same location
exactly over and over. Additionally, the shape of a caries lesion is not
uniform so that different locations may have different depth/severity of
caries lesion. Since All-max showed the highest ICC, this suggests the
maximum value from multiple scanning directions should be con-
sidered as the final result.

4.3. Effect of scanning direction

For scanning direction, overall sensitivity for Buccal, Lingual, and
Occlusal-max was 47 %, 11 %, and 16 % separately. When scanning
approximal surfaces from buccal or lingual directions, the laser beam
transmitted from teeth embrasures, not directly from the tooth surface.
PTR/LUM collects infrared radiation emitted from the tooth surface by
an infrared detector. The angle between the infrared detector and the
laser beam was designed as 80° [17]. This restriction indicates that
signals from a narrow entrance would not be all detected, such as sig-
nals from fissures and contact area [17]. Therefore, when detecting
approximal surfaces, some signals may be blocked by the neighbor
tooth which can decrease the PTR/LUM value. Another potential reason
can be the thickness of sound enamel from tooth surface to approximal
caries. The PTR amplitude decreases as the thickness of the enamel
increases [16]. Since it is impossible to directly assess/scan approximal
surfaces, but only through the corresponding marginal ridge, buccal
and lingual surfaces, the sound enamel existing from the contact area to
the tooth surface would decrease the PTR/LUM value.

Although overall sensitivity for Buccal, Lingual, and Occlusal-max

were not high, the buccal direction still showed significantly higher
sensitivity than lingual and occlusal directions. That might because the
location of approximal caries might not be only in the contact area, but
also in subcontact area and cervical area. The bucco-lingual extension
of lesions mostly is near the buccal surface [36]. As thickness of sound
enamel from the surface to caries lesion might be thinner and the dis-
tance between the handpiece and the surface was shorter than other
directions, the PTR/LUM value increases as mentioned earlier. Those
could increase sensitivity from the buccal direction. Despite the loca-
tions of approximal caries, scanning/assessment from buccal surface
may be better than other directions. However, there are some issues
need to be considered. It’s not easy to scan/probe PTR/LUM from
buccal direction compared to the occlusal direction. One of the reasons
is that it is difficult to place the PTR/LUM handpiece tip to the buccal
embrasure space. Another challenge is that the examiner carefully
evaluates the location of the approximal contact area to make sure the
tip scanning/probing the contact area as close as possible.

Therefore, when detecting approximal caries, even though the
performance of scanning from the buccal direction was better than from
the occlusal and lingual directions, scanning from all three directions
(buccal, lingual and occlusal directions) is recommended. Since All-max
of PTR/LUM values presented the highest overall sensitivity in this
current study, it is recommended to scan multiple locations/directions
to obtain the maximum PTR/LUM value.

4.4. PTR/LUM cut-off/threshold issue

AUC is a more comprehensive measurement of diagnostic perfor-
mance than single values of sensitivity and specificity [37]. For this
current in vitro study, even though the sensitivity was not high, the AUC
was ranged from 0.65 to 0.88. Based on the manufacturer’s cut-off, the
specificity of all scanning directions was 100 % in this current study.
These results suggest a need to determine optimal cut-off values. When
the cut-off value of PTR/LUM decreased from 25 to 20 on smooth
surfaces, the sensitivity increased from 75 % to 85 %, while the spe-
cificity decreased from 64 % to 43 % [19]. The same issue was observed
for DD, which outputs DD numbers 0-99. Cut-off values for DD selected
by manufacturers are 0–9: sound/early enamel caries; 10–17: enamel
caries; 18–99: dentinal caries [39]. However, based on the correlation
between the measured values and demineralization depth, other study
found that the optimal cut-off values between enamel caries to dentinal
caries should be different from fissure caries (DD: 16–21) to smooth
surface caries (9–11) [40]. Considering factors which would decrease
PTR/LUM values when detecting approximal caries, e.g. the thickness of
sound enamel between the handpiece and the caries, and the incident
angle of the laser beam, the optimal cut-off values of PTR/LUM in ap-
proximal caries might be different from smooth surface, as happened
for DD. Further study is needed to determine the optimal cut-off values
of PTR/LUM for not only approximal caries, but also smooth surfaces.

In summary, the maximum measurement value of all scanning di-
rections showed significantly higher sensitivity than other measure-
ments except for the buccal direction. As lesions got deeper, the

Table 2
Overall sensitivity, specificity, Area under ROC curve (AUC), correlation with μ-CT scores, and Intraclass Correlation Coefficient (ICC).

Probing direction Overall sensitivity Specificity AUC Correlation with μ-CT scores P value ICC

Buccal 47% 100% 0.81 0.60 < .001 0.45
Lingual 11% 100% 0.71 0.31 0.072 0.47
Occlusal-middle 8% 100% 0.78 0.51 < .001 0.37
Occlusal-buccal 11% 100% 0.65 0.17 0.324 0.48
Occlusal-lingual 3% 100% 0.78 0.41 0.007 0.24
Occlusal-average 11% 100% 0.81 0.48 < .001 0.54
Occlusal-max 16% 100% 0.79 0.49 0.001 0.63
All-average 8% 100% 0.88 0.61 < .001 0.64
All-max 61% 100% 0.86 0.62 < .001 0.74

Fig. 5. ROC curves of the PTR/LUM examination for each probing direction.
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sensitivity for the maximum value of all scanning directions increased.
PTR/LUM-value showed weak to moderate correlations with severity of
lesions. Sensitivity was significantly higher from buccal direction than
from lingual and occlusal.

5. Conclusion

Within the limitations of this in vitro study, PTR/LUM non-cavitated
approximal caries lesion detection achieved best individual results from
the buccal direction, while using the maximum value from all directions
might improve performance. PTR/LUM appears more suitable to detect
non-cavitated approximal dentinal caries rather than enamel caries.
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