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Abstract

Background: Proximal caries remains difficult to detect during routine clinical examinations because of their anatomical

location beneath contact areas.

Objectives: This in vivo study aimed to evaluate electrical dental parameters, specifically electrical resistance and capacitance,

at predefined anatomical locations and to assess their diagnostic performance for proximal caries detection.

Methods: In this diagnostic observational study, 43 patients presenting with proximal caries in first molars were enrolled.

Electrical resistance and capacitance were measured using a benchtop digital multimeter and a digital LC meter at four

predefined tooth surfaces. Clinical and radiographic examinations served as reference standards for caries diagnosis. Diagnostic

accuracy, sensitivity, and specificity of the electrical measurements were calculated and analyzed. Data were analyzed using the
independent samples t-test in SPSS software, version 20.0.

Results: Electrical resistance showed a significant reduction in teeth affected by proximal caries compared with intact teeth,

particularly at the bucco-lingual surface and mesial-distal occlusal regions (P < 0.05). The highest diagnostic performance was

achieved at the bucco-lingual surface, with an accuracy of 89.5%, sensitivity of 86.0%, and specificity of 90.7%. Electrical

capacitance did not demonstrate a significant association with proximal caries at any measurement site.

Conclusions: Electrical resistance measurements obtained under in vivo conditions can reliably differentiate proximal caries

from intact teeth. Measurement at the bucco-lingual surface provides the highest diagnostic accuracy. Electrical resistance may

serve as a non-invasive, radiation-free adjunctive diagnostic tool for proximal caries detection in clinical practice.

Clinical Relevance: Electrical resistance assessment offers a practical and safe adjunct to conventional diagnostic methods for

proximal caries, potentially improving early detection while reducing reliance on radiographic imaging.
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1. Introduction

Proximal caries constitute one of the most
diagnostically challenging forms of dental decay in

routine clinical practice. Due to their location beneath
interproximal contact areas, early proximal lesions

often remain undetectable by visual and tactile

examination and may progress significantly before
clinical signs become apparent. Radiographic

examination, particularly bitewing and periapical

imaging, remains the conventional reference standard

for proximal caries detection; however, its sensitivity for
early enamel and shallow dentinal lesions is limited,

and repeated exposure to ionizing radiation represents

an inherent disadvantage (1, 2, 3).

To overcome these limitations, several adjunctive
diagnostic modalities have been introduced, including

laser fluorescence, near-infrared imaging, and

ultrasound-based techniques. Although these methods
have demonstrated acceptable diagnostic performance
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for occlusal and smooth-surface caries, their

effectiveness in proximal regions remains inconsistent

and highly dependent on anatomical constraints, lesion
depth, and operator-related factors (4 - 11). Furthermore,

the cost, technical complexity, and limited accessibility
of some advanced imaging systems restrict their

widespread clinical application.

Electrical-based diagnostic approaches offer a

biologically plausible alternative for caries detection.
Demineralization of enamel and dentin increases

porosity and fluid content within the tooth structure,

resulting in measurable alterations in electrical
properties such as resistance, conductance, capacitance,

and impedance (12, 13). Previous studies, primarily
conducted under in vitro or ex vivo conditions, have

consistently demonstrated a reduction in electrical

resistance and impedance with increasing caries depth.
Electrical Conductance Measurement (ECM) and

Electrochemical Impedance Spectroscopy (EIS) have
shown acceptable diagnostic accuracy; however, most

investigations have focused on occlusal or smooth-

surface lesions and were performed under controlled
laboratory conditions (12, 13, 18).

Despite these promising findings, a critical gap

remains in the literature regarding the in vivo clinical

evaluation of electrical dental parameters specifically
for proximal caries detection. The oral environment

presents complex variables, including saliva,
temperature, moisture, and anatomical limitations, that

may significantly influence electrical measurements.

Consequently, results derived from laboratory studies
cannot be directly extrapolated to clinical settings.

Moreover, the optimal anatomical locations for
electrical measurements that provide the highest

diagnostic accuracy for proximal lesions have not been
systematically evaluated in clinical studies.

Therefore, the aim of the present in vivo diagnostic
observational study was to evaluate electrical resistance

and capacitance measurements at predefined

anatomical locations on first molars and to assess their
diagnostic performance for detecting proximal caries,

using combined clinical and radiographic examinations
as reference standards. By identifying the most reliable

electrical parameters and measurement sites, this study
seeks to clarify the clinical applicability of electrical

diagnostics and address an unmet need in proximal

caries detection.

2. Methods

Prior to electrical measurements, all selected teeth
underwent scaling and prophylaxis to remove plaque

and surface debris. Teeth were isolated using cotton

rolls and saliva ejectors to minimize moisture

contamination. The tooth surfaces were air-dried for 30

seconds using oil-free compressed air. All measurements
were performed under standardized clinical conditions

at room temperature, and excessive salivary
contamination was avoided throughout the procedure.

2.1. Electrical Devices and Calibration

Electrical resistance was measured using a GDM-8034

benchtop digital multimeter, and electrical capacitance
was assessed using a JLC-10 digital LC meter. Before each

measurement session, both devices were calibrated

according to the manufacturers’ instructions using
standard reference components to ensure measurement

accuracy and consistency. Measurements were repeated
five times at each site, and the mean value was used for

statistical analysis.

2.2. Measurement Locations and Anatomical Landmarks

Electrical measurements were obtained at four
predefined anatomical locations:

from the occlusal center toward the buccal surface;

from the occlusal center toward the lingual surface;

at the midpoint of the bucco-lingual surface

corresponding to the proximal contact area; and

at the mesial and distal aspects of the occlusal

surface adjacent to proximal contacts.

These locations were selected to represent clinically

relevant regions associated with proximal caries
development and to ensure reproducibility. The

equipment setup, measurement setup, and probe
positioning are shown in Figure 1 and Figure 2,

respectively.

2.3. Radiographic Examination

Periapical radiographs were obtained using a
standardized positioning technique and evaluated by

an experienced restorative dentistry specialist.

Radiographic assessment, in conjunction with clinical
examination, served as the reference standard for caries

diagnosis.

2.4. Data Analysis

Data analysis was conducted using IBM SPSS Statistics
version 20.0 (IBM Corp., Armonk, NY, USA). Quantitative

variables were expressed as mean ± standard deviation.
Differences in electrical resistance and capacitance

between intact and caries-affected teeth at each

measurement location were analyzed using the
independent samples t-test. The diagnostic performance
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Figure 1. A, The GDM-8034 benchtop digital multimeter for measuring electrical resistance; B, the JLC-10 digital LC meter for measuring electrical capacitance.

of electrical resistance measurements was assessed by

calculating sensitivity, specificity, and overall accuracy.

Statistical significance was set at P < 0.05.

3. Results

A total of 43 patients were included in this study,

comprising 18 males (41.9%) and 25 females (58.1%). The

mean age, weight, and height of the participants were
36.11 ± 6.67 years, 71.18 ± 8.26 kg, and 168.33 ± 9.26 cm,

respectively.

The agreement between clinical and radiographic

diagnoses of proximal caries was evaluated. Out of 86
assessed teeth (43 intact and 43 caries-affected), a kappa

coefficient of 0.812 was obtained (P < 0.001), indicating a
high level of consistency between the two diagnostic

methods. In intact teeth, agreement between clinical

and radiographic findings was observed in 41 cases
(95.3%), whereas agreement was observed in 38 caries-

affected teeth (88.4%).

3.1. Electrical Parameter Measurements at Different Tooth
Surfaces

The comparison of electrical resistance and
capacitance values between intact and caries-affected

teeth at the four predefined measurement locations is
summarized in Table 1. Measurements obtained from

the occlusal center toward the buccal and lingual

surfaces did not reveal statistically significant

differences in either electrical resistance or capacitance

between intact and carious teeth (P > 0.05).

In contrast, a significant reduction in electrical

resistance was observed at the center of the bucco-
lingual surface in caries-affected teeth compared with

intact teeth (P < 0.001). Similarly, electrical resistance

measured at the mesial and distal aspects of the occlusal
surface demonstrated a significant difference between

intact and caries-affected teeth (P < 0.05). No
statistically significant association was found between

electrical capacitance and caries status at any of the

evaluated measurement sites.

3.2. Diagnostic Performance of Electrical Resistance
Measurements

The diagnostic accuracy, sensitivity, and specificity of

electrical resistance measurements at the four evaluated

locations are presented in Table 2. In all measurement
locations, electrical resistance demonstrated a higher

correct classification rate for caries-affected teeth
compared with intact teeth.

The highest diagnostic performance was achieved
when measurements were obtained from the bucco-

lingual surface, yielding an accuracy of 89.53%,
sensitivity of 86.04%, and specificity of 90.70%.

Measurements taken from the mesial and distal aspects

of the occlusal surface showed moderate diagnostic
accuracy, whereas measurements obtained from the
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Figure 2. A, Clinical examination and initial caries assessment; B, scaling of the target tooth; C, isolation of the tooth at the measurement site; D, air-drying of the tooth surface
prior to measurement; E, measurement of dental electrical resistance and capacitance at different tooth surfaces using the designated device; F, representative periapical
radiographs of intact and caries-affected teeth.

occlusal center toward the buccal or lingual surfaces
demonstrated lower discriminatory ability.

A graphical comparison of diagnostic accuracy across
the four measurement locations is illustrated in Figure

3. Electrical resistance measurements obtained from the
bucco-lingual surface demonstrated the highest

accuracy among all evaluated sites.

4. Discussion

The present findings provide clinically relevant

evidence supporting the diagnostic value of electrical
resistance measurements for proximal caries detection

under in vivo conditions. Among the evaluated
measurement locations, the bucco-lingual surface

demonstrated the highest diagnostic accuracy,

sensitivity, and specificity. This observation is clinically
significant, as this region anatomically corresponds to

proximal contact areas where caries commonly initiate
and progress. The results suggest that electrical

resistance measurements obtained from this site are
more sensitive to structural changes associated with

proximal demineralization than measurements taken

from the occlusal center toward buccal or lingual
surfaces, where no statistically significant differences

were observed.

In contrast, electrical capacitance did not show a

significant association with proximal caries at any
measurement site. This finding indicates that, under

clinical conditions, resistance may represent a more
robust and clinically relevant electrical parameter than

capacitance for caries detection. This outcome aligns

with prior laboratory-based studies that reported
stronger correlations between caries depth and

electrical resistance or impedance compared to
capacitance alone (12 - 15).

When compared with other caries diagnostic
modalities, the diagnostic accuracy achieved in this

study is comparable to that reported for established

https://brieflands.com/journals/tatm/articles/170005
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Table 1. Electrical Resistance and Capacitance Values at Different Tooth Surfaces a

Variables Intact Caries-Affected P-Value

Occlusal → Buccal

Resistance (MΩ) 6.77 ± 1.45 5.42 ± 3.26 0.078

Capacitance (pF) 1.44 ± 0.55 1.34 ± 0.38 0.118

Occlusal → Lingual

Resistance (MΩ) 5.22 ± 1.08 4.55 ± 2.93 0.091

Capacitance (pF) 1.55 ± 0.24 1.42 ± 0.61 0.221

Bucco-lingual surface (center)

Resistance (MΩ) 10.96 ± 2.78 3.55 ± 1.16 < 0.001

Capacitance (pF) 2.23 ± 0.58 1.81 ± 0.74 0.089

Mesial and distal of occlusal

Resistance (MΩ) 9.21 ± 2.18 4.93 ± 2.37 0.006

Capacitance (pF) 1.06 ± 0.39 1.22 ± 0.46 0.105

a Values are presented as mean ± SD.

Table 2. Diagnostic Performance of Electrical Resistance Measurements at Different Tooth Surfaces

Measurement Site Accuracy (%) Sensitivity (%) Specificity (%) Final Discrimination Rate (%)

Occlusal → Buccal 55.81 53.48 58.13 55.81

Occlusal → Lingual 56.97 51.16 62.80 56.97

Bucco-lingual surface 89.53 86.04 90.70 89.53

Mesial and distal of occlusal 76.74 74.42 79.07 76.74

techniques. Visual-tactile examination has

demonstrated variable accuracy, largely dependent on
clinician experience (1, 11). Radiographic methods

typically achieve accuracies of approximately 85% - 88%

for proximal caries detection but remain limited in
identifying early enamel lesions and involve exposure to

ionizing radiation (3, 15). Advanced optical techniques
such as laser fluorescence and near-infrared imaging

have shown high sensitivity, yet their performance in

proximal regions may be affected by tooth morphology
and surface conditions (7 - 10, 17). Ultrasound-based

methods have also demonstrated promising accuracy;
however, their availability and clinical practicality

remain limited (4 - 6, 16).

The diagnostic accuracy of electrical resistance

measurement observed in the present study,
particularly at the bucco-lingual surface, falls within the

range reported for these established techniques, while

offering potential advantages such as low cost, absence
of radiation exposure, and ease of clinical application.

These characteristics suggest that electrical resistance
measurement could serve as a valuable adjunctive

diagnostic tool for proximal caries detection rather than

a replacement for conventional methods.

Several limitations of the present study should be

acknowledged. First, this investigation focused
exclusively on first molar teeth, and the generalizability

of the findings to other tooth types warrants further

investigation. Moreover, although proximal caries were
classified dichotomously as present or absent, the

potential of electrical parameters to discriminate
among different stages of caries progression was not

evaluated. Lesion staging refers to the classification of

carious lesions according to their depth and extent of
tissue involvement, from early enamel demineralization

to advanced dentinal lesions. Given that electrical
resistance is influenced by the degree of mineral loss

and microstructural alterations of dental tissues, its

diagnostic performance may vary across different lesion
stages. Consequently, future studies incorporating

larger sample sizes and lesion staging are
recommended to better define diagnostic thresholds

and to further elucidate the clinical applicability of

electrical resistance measurements.

4.1. Conclusion

The present in vivo study demonstrated that

electrical dental parameters, particularly electrical

https://brieflands.com/journals/tatm/articles/170005
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Figure 3. Comparison of diagnostic accuracy of electrical resistance and capacitance measurements across four measurement sites. OB, occlusal center to buccal end; OL,
occlusal center to lingual end; BL, bucco-lingual surface (center); MD, mesial and distal sides of the occlusal surface.

resistance, can be effectively used for the detection of
proximal caries under clinical conditions. A significant

reduction in electrical resistance was observed in teeth
affected by proximal caries compared with intact teeth,

with the highest diagnostic accuracy achieved when

measurements were obtained at the bucco-lingual
surface and mesial-distal occlusal regions.

Among the evaluated electrical parameters,

resistance showed superior diagnostic performance

compared to capacitance, indicating that it represents a
more clinically relevant indicator of proximal caries-

related structural changes. The findings confirm that
electrical resistance measurements retain diagnostic

validity within the complex oral environment and are

capable of distinguishing proximal caries with a level of
accuracy comparable to conventional diagnostic

modalities.

Given its non-invasive nature, absence of ionizing

radiation, and relatively low cost, electrical resistance

measurement may serve as a valuable adjunctive
diagnostic tool for proximal caries detection in clinical

practice. Further studies are recommended to evaluate
its applicability across different tooth types and stages

of caries progression, as well as to establish

standardized diagnostic thresholds for routine clinical
use.
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