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Introduction: With the arrival of the COVID-19 pandemic, the role of

teledentistry increased its need for implementation. In this sense, the study

aimed to validate a smartphone-based remote photographic method for

diagnosing dental caries in adults attending a polyclinic in Lima, Peru.

Methods: A cross-sectional, descriptive research was conducted; 87 patients

were selected, and 2020 teeth were evaluated. Each participant underwent a

clinical diagnosis of dental caries by two trained and calibrated dentists,

considering the diagnostic criteria of the WHO; during the same visit, after the

clinical examination, a family member of the patient was instructed to take a

photographic record with a cell phone, through a video. Five photographs of

the dental arches were recorded, where the centering of images, resolution,

and visualization of all the teeth were evaluated. The photographic evaluation

was performed by two independent evaluators blinded to the visual evaluation

performed, following the same criteria as the clinical visual evaluation. For the

data analysis, Cohen’s kappa index was determined for interexaminer

reliability; sensitivity, specificity, and positive and negative predictive values

were obtained.

Results: Overall, high sensitivity: 90.19% [Interquartile 95% (CI): 88.23–92.16];

and specificity: 95.15% (95% CI: 93.83–96.47). The interexaminer agreement

was almost perfect, with a kappa of 0.935 and 0.974 for clinical and

photographic evaluation, respectively.

Conclusions: It is concluded that the photographic method using a smartphone

has demonstrated a satisfactory level of caries detection in adults.
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Introduction

Humanity has undergone great changes since the coronavirus disease (COVID-19)

was declared a pandemic by the World Health Organization (WHO) on March 11,

2020 (1), and a series of measures were taken to reduce the spread of this outbreak,

generating a strong demand at the level of the health sector. This situation led

to adjustments and modifications in the provision of health care due to the
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restrictions inherent to the scarcity of human and material

resources, as well as the need for social distancing (1, 2). In the

dental area, most non-urgent procedures were suspended to

reduce the risk of transmission in practice and prevent the

spread of the virus, and only emergency treatment was

maintained (3, 4). As time went by, the uncertainty regarding the

course of the pandemic and the high demand for care forced

health systems to find alternative solutions that could satisfy

medical care and keep stakeholders away from exposure to

SARS-CoV-2 (5).

Among these alternatives, teledentistry, an area of telemedicine

that allows remote communication between dentists and patients

by combining digital technology and clinical dentistry, has

become very useful (2, 5–8). This area has presented in recent

years great advances in informatics tools along with the

availability of improved infrastructure for high bandwidth

Internet access, creating unprecedented new routes for the use of

remote health care applications (6, 9). Teledentistry as such has

not been as widely used as in medicine; however, it can be

incorporated into routine dental practice through a wide range of

uses, such as teletriage (4), diagnosis (9, 10), treatment planning

(11), consultation and follow-up in different specialties of

dentistry (10), experiences that have been developing since the

1990s (5). It is essential to keep in mind that teledentistry

encompasses various facets, and one of them focuses on

telediagnosis. This process is materialized through the

incorporation of intelligent systems and applications that work

both in real-time and in data storage and sending format. This

facilitates the efficient exchange of images and data, thus making

it possible to identify various oral lesions. Among these, dental

caries stands out as one of the most frequent (5, 6). In addition,

teledentistry makes it possible to work with populations with

limited access, facilitating the referral of patients to a dental

consultant and their subsequent treatment and reducing waiting

times and unnecessary trips (2, 6, 12).

On the other hand, among oral disorders, dental caries is an

important public health problem (9, 13). For its evaluation,

visual inspection is the most common technique; however, with

advances in technology, smartphone cameras make it possible to

obtain and transmit dental images (9). As specially designed oral

digital cameras, smartphone cameras have zoom and flash

functions and several manual settings that allow for easier

capture of intraoral or extraoral images. In addition, it is

important to consider the portability and accessibility features of

these devices that may provide an effective means of capturing

images in less time and be less intimidating for children (13–15).

Thus, they can provide a simple, inexpensive, remotely applicable

method of diagnosis of dental caries for both clinical and

community use, which is very relevant in regions with varied

geography. A photographic method such as the one described

will make it possible to diagnose dental caries in people living in

remote communities of Peru where access to health services is

restricted. For this purpose, it will be necessary to send a few

photographs and a diagnostic evaluation by a qualified

professional. It is important to consider that this research

provides the necessary scientific basis for using this method.

Likewise, it is very useful in the context of community diseases,

protecting the patient and health personnel.

This study made it possible to obtain an alternative diagnostic

method in cases where the adult patient is unable to travel to a

health facility, allowing savings for the patient in terms of costs

and travel time, as well as for the hospital, facilitating care

processes and saving personnel and resources.

The objective of this study was to validate the remote

photographic method with the active participation of a family

member of the patient, using a smartphone for the diagnosis of

dental caries in adult patients attending a healthcare facility. This

was achieved through the determination of the diagnostic

accuracy and reliability of the photographic method.

Methods

Study design

A diagnostic accuracy study was conducted. The report was

made following the “Standards for Reporting of Diagnostic

Accuracy Studies” (STARD) (16, 17).

The present study, conducted with human beings, was

governed by the principles and guidelines of the Declaration of

Helsinki and was approved by the Ethics Committee of the

Edgardo Rebagliati Martins National Hospital (1656_GRPR-

ESSALUD-2022). The informed consent of the individuals was

requested, and their participation in the clinical and

photographic evaluation was voluntary and anonymous. There

were no risks for the participants; the privacy and confidentiality

of the personal information of the research subjects were

protected, and the anonymity of participants was maintained for

terms of publication. Furthermore, patients with detected cases

were referred for appropriate care based on their needs, taking

into account preventive aspects such as health promotion, dental

brushing techniques, and healthy eating, as well as restorative

procedures. All of this was in accordance with the clinical care

protocol of ESSALUD (18).

Population and sample

The study population was comprised of adults who attended

dental care at the dentistry service of the Polyclinic Chincha-

EsSalud in Lima, Peru, from December 1, 2022, to March 30,

2023, being the inclusion criteria that these people should be 18

years old or more, with at least 20 permanent teeth in the mouth

and that they had accepted the informed consent, excluding

people with difficulties for opening the mouth or articular

problems, with orthodontic treatment and some type of

removable dental prosthesis. The number of teeth needed was

calculated considering a 95% confidence level, 5% accuracy, 85%

sensitivity, 90% specificity (15), and 90% prevalence of caries

(19), requiring a minimum sample size of 1,383 teeth. An

adjustment for possible losses of 20% was made, totaling 1,740

teeth. Considering that each patient should have at least 20
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permanent teeth, 87 patients were selected, and the unit of analysis

was the permanent dental piece of the adult subject of the study.

The sample was selected through consecutive cases of those

attending the dental service until the required size was reached

(Figure 1).

Prior to the study, training and calibration of the examiners

were conducted regarding the clinical and photographic

diagnostic criteria. The training was carried out on 5 patients,

and the assessment of inter-examiner agreement was performed

on 12 patients, yielding kappa values of 0.80 for the clinical

evaluation and 0.88 for the photographic evaluation.

Clinical-visual diagnosis method

Each participant underwent a clinical diagnosis of dental caries

by two trained and calibrated dentists, one of whom was a specialist

dentist with more than 20 years of experience (gold standard); they

spent an average of 10 minutes per patient. The evaluation was

done on the patient lying in the dental chair, with artificial light,

and using a plane mirror and exploratory probe. A tooth was

classified as healthy or carious, considering the WHO diagnostic

criteria (20), because it was a brief index to apply, effective for

clinical and research purposes, and valid in comparison with

other diagnostic indexes.

Codes 0 and 1 were used, as follows:

• Code 0: Healthy tooth and restored tooth without caries.

• Code 1: Any visible carious lesion, including active non-

cavitated initial caries and arrested caries, as well as restored

teeth with caries.

All visible surfaces of the crown were evaluated, considering the

clinical crown rather than the root surface. Permanent teeth with

single or multiple fixed rehabilitation (inlays, crowns, bridges,

veneers, etc.) were excluded from this evaluation.

The clinical evaluation was performed in compliance

with the biosafety protocols established by the Ministry

of Health (21).

For calculating sensitivity and specificity, the record made by

the gold standard dentist was considered.

FIGURE 1

Example of intraoral images taken by the patient’s family member: (a) frontal view; (b) upper occlusal view; (c) lower occlusal view; (d) right lateral view

and (e) left lateral view.
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Diagnosis of dental caries through the
smartphone-based remote photographic
method

Previously, a smartphone was selected that was presented as

one of the most used and easily accessible (Xiaomi Redmi 9A)

with the Android operating system; 32 GB of capacity and 2 GB

of RAM; and a 13 MP (megapixel) rear camera with f2.2 focus/

aperture, HDR (high dynamic range), built-in AI (artificial

intelligence), and single-tone flash. The images captured with this

camera for this study were in photo mode. To ensure

standardization, the same mobile device was used for all

photographic shots.

During the clinical care visit, the patient’s closest relative was

given a video with the protocol for taking photographs of the oral

cavity using the assigned smartphone model for 10 minutes with

one focus and in automatic configuration. Afterward, a

20-minute training process was carried out to demonstrate

their skills in taking photographs of the process. Fifteen

intraoral images were taken per patient which included three

of anterior view, three of superior occlusal view, three of

inferior occlusal view, three of right lateral view, and three of

left lateral view, as it shows in Figure 1. One of the researchers

evaluated the centering of images, balanced resolution, and

visualization of all the teeth (complete images), focused and in

high-quality mode, discarding those images that did not meet

the aforementioned criteria, selecting one photographic shot

from each sector until obtaining the five shots corresponding

to one patient. If the family member did not achieve a good

quality photographic set, the training process was repeated

once more. If a good photographic set was not achieved in this

second opportunity, the patient was excluded. The selected

images were stored in the internal memory of the smartphone

and were downloaded through a secure internet connection to

a computer.

The photographs were taken with the patient sitting on a dental

stool and in a room illuminated with artificial light. The flash

function was activated on the smartphone device, and a

2,5 × 3,3-inch handheld mirror was used for the patient. The

patients were asked to retract their cheeks with their fingers

(index and middle fingers); no cheek retractor or other auxiliary

instrument was used for the photographic acquisition.

The photographic evaluation of the dental caries diagnosis was

carried out by two independent evaluators (dentists), who were

blinded to the visual evaluation previously performed. Both

evaluators were trained and calibrated following the same criteria

as the clinical visual assessment. One of them is a specialist

dentist with more than 20 years of experience. Each evaluator

recorded the information in a form specially designed for the

study, which was done two weeks after the clinical visit.

For the photographic evaluation, the same diagnostic criteria as

those used in the clinical assessment were considered. Additionally,

due to the provision of a two-dimensional image, proximal surfaces

were not taken into account.

Cases that were inconclusive in the photographic diagnosis

were classified as healthy teeth (code 0).

The web-based image and data visualization application Google

Photos was available for the photographic evaluation. Each

evaluator reviewed the oral images and selected one image for

each type of view which were in focus; in addition, the largest

number of tooth surfaces were observed and with good

resolution (22). Intraoral photographs were observed with

normal magnification, macro settings, and a real color range after

completing the review. Those teeth that could not be visualized

in the photograph were not considered for the analysis.

Statistical analysis

The descriptive analysis of dental caries for the proposed study

method was performed using frequency distribution tables. In

addition, Cohen’s Kappa index was determined for estimating

interobserver reliability in clinical and photographic evaluation.

The results were interpreted according to the Landis and Koch

rating scale, considering 0.01–0.20 as null or minimal, 0.21–0.40

as low, 0.41–0.60 as moderate, 0.61–0.80 substantial-good, and

0.81–1 almost perfect agreement (23). The tests were performed

at a 5% significance level using the SPSS 26.0 statistical program.

The clinical visual diagnosis was considered the gold standard

method. Sensitivity, specificity, positive and negative predictive

value, and 95% confidence intervals were obtained using only the

data collected by the most experienced evaluator at the clinical

and photographic levels, respectively. The statistical program

Epidat 3.1 was used. These measures were used to determine the

diagnostic validity regarding dental caries since a nominal scale

(present-absent) was used in this work.

Results

Fifteen patients out of the 102 eligible ones were excluded

because they did not agree to sign the informed consent or did

not attend with a close relative to perform the process, so the

final sample consisted of 87 individuals, 52 (59.8%) women and

35 (40.2%) men. The mean age was 49.06 years (SD = 15.36),

with a minimum age of 19 years and a maximum age of 75 years.

A total of 2,212 teeth were registered, of which 192 (8.7%) were

excluded because they were not recordable for diagnosis, obtaining

a total sample size of 2,020 teeth (Figure 2). There were 928

(45.9%) teeth with dental caries and 1,092 (54.1%) healthy

teeth (Table 1).

Diagnostic performance

In general, a high percentage of sensitivity was observed in the

photographic evaluation (90.19%) and high specificity (95.15%).

The positive and negative predictive values were 94.04 and 91.95,

respectively (Table 2).

The interexaminer agreement was examined both between the

two clinical examiners and between the two photographic

examiners concerning the caries diagnosis. An almost perfect
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FIGURE 2

Flow chart of the smartphone-based photographic method for the detection of dental caries.

TABLE 1 Frequency distribution of the diagnosis of dental caries in the
clinical and photographic evaluation methods.

Evaluation
methods

Clinical evaluation

Caries Healthy Total

Photographic evaluation Caries 837 (41.4%) 53 (2.7%) 890 (44.1%)

Healthy 91 (4.5%) 1,039 (51.4%) 1,130 (55.9%)

Total 928 (45.9%) 1,092 (54.1%) 2,020 (100%)

TABLE 2 Sensitivity, specificity, and predictive values of the photographic
evaluation of dental caries.

Measurements Value IC 95%

Sensitivity 90.19 88.23–92.16

Specificity 95.15 93.83–96.47

Predictive value + 94.04 92.43–95.66

Predictive value - 91.95 90.32–93.58
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agreement was observed, with kappa values of 0.935 (95% CI: 0.892–

0.979) and 0.974 (95% CI: 0.930–1.00), respectively (Table 3).

Discussion

This study aimed to take advantage of the access that the

general population has to the use of mobile devices and to give it

a different approach since, at the dental level, few tools allow a

diagnostic use in dental caries, which is important to consider

because of the ease and practicality of the method (13, 24). The

results of this research suggest that the photographic method

using a smartphone offers a valid and reliable means for

detecting dental caries, presenting high sensitivity and specificity

concerning the clinical visual examination performed. It is

important to consider that it was performed in an adult

population with access to health services.

Regarding the high sensitivity found, we consider that the

ability to discriminate incipient carious lesions from healthy

teeth is somewhat confusing for some clinicians (11), obtaining

in some cases moderate to low values (11, 25–28); but, currently,

there are mobile devices with greater resolution and sharpness,

which allows differentiating a healthy tooth from one with an

initial lesion despite the presence of confusing factors such as

saliva, blood or dental tartar (24, 29). Another aspect to highlight

regarding the sensitivity found was the consideration in the

analysis of teeth with restorations in poor condition with

recurrent and incipient caries, which constituted an advantage

due to the fewer false-negative errors. In addition, it is important

to recognize the participation of expert dentists as examiners in

this study (11, 30–32). This contrasts with other studies in which

other professional groups or personnel in training participate,

lacking the necessary experience for diagnosing dental caries

(14, 30, 33). It is relevant to highlight that the participant’s relative

followed the photographic work protocol while taking the

photographs, like previous experiences involving non-experts in the

process, without specific knowledge of oral photography (26, 32, 33).

This study found a sensitivity level within the WHO reference

standard of 0.85–0.90 (20), obtaining quite promising results with

this technique for diagnosing carious lesions, which agrees with other

studies where high sensitivity values were also found (30, 32, 34).

Concerning specificity, high values were also obtained, which

could be explained by the ability of trained and calibrated

dentists to differentiate with greater discernment between healthy

teeth and teeth with mild caries (28, 30, 32). In the present

study, we found concordant data (presenting fewer false positive

discrimination errors) with similar values found by other authors

(14, 15, 26, 34), although not as high as those reported in

deciduous dentition by Al Shaya et al. (27).

High PPV (positive predictive value) and NPV (negative

predictive value) values were found, which justifies the accuracy

of the sensitivity and specificity scores obtained, similar to data

obtained by other researchers, such as Al Shaya et al., with

values above 90% in both cases (11, 27, 32).

In previous research, indicators of low to moderate agreement

between evaluators for the detection of dental caries in permanent

teeth were observed (11, 13, 14, 25, 33), probably due to the

difficulties associated with the use of two-dimensional images that

limit the identification of interproximal lesions, more complex

caries indexes and the lower sharpness of the images. However, by

using the more simplified WHO caries index (19) with

improvements in the resolution of the photographic images and

the greater diagnostic capacity of trained professionals, it can be

affirmed that high levels of concordance were achieved between

clinical and photographic evaluators. This method seems practical

and capable of differentiating the different oral conditions

(healthy-carious). It is relevant to point out that the photographic

method exhibited a higher level of concordance than the clinical

method, suggesting that the photographic evaluation is reliable

and safe, consistent with other observed studies (15, 29, 32, 34).

Regarding the limitations of the present study, it was identified

that the photographic analysis of the crown of the tooth, rather

than the dental surfaces, does not allow for an adequate

diagnosis of interproximal carious lesions, root lesions, or non-

cariogenic cervical lesions (26). Furthermore, this method does

not permit the recording of the severity of carious lesions (9).

These limitations arise from the two-dimensional nature of the

images, which does not allow for capturing these characteristics.

Additionally, it is important to note that photographic recording

requires a smartphone capable of taking photographs, storing

them, and sending them for subsequent analysis, as well as

internet connectivity, which may be limited in certain areas (34).

Even you can find a hand mirror in a supermarket, it is also

crucial to consider access to handheld mirrors for intraoral

photography, which have variable dimensions and must fit

intraorally to facilitate the respective photographic capture.

This study revealed several advantages, highlighting the

performance of clinical dentists, who are experts in clinical and

visual examination (13, 25, 34). This approach allows a more

accurate diagnosis of carious lesions in comparison with less

trained health professionals, who may have a higher margin of

error (14, 15). In addition, we sought to replicate the conditions

that patients face at home, where the lack of specific equipment

for oral photographic capture and a profound lack of knowledge

about photographic records is common. In this context, the

patients’ relatives took the photographs, previously instructed

through explanatory videos, using a conventional smartphone

easily accessible to the population (33).

This approach is presented as a practical diagnostic tool,

especially beneficial in teledentistry similar to what was found by

Aly et al., where it can mitigate communication challenges and

limited access to health services (28). Furthermore, by using an

inexpensive and easily accessible device, this method facilitates

the efficient recording, storage and sending of relevant

information between users and health professionals.

TABLE 3 Interexaminer agreement in clinical and photographic evaluations.

Interexaminer
agreement

n Kappa CI 95% P Value

Clinical evaluation 2020 0.935 0.892–0.979 <0.001

Photographic evaluation 2020 0.974 0.930–1.00 <0.001
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Conclusions

The use of the photographic method with smartphones for the

diagnosis of dental caries has been confirmed as a valid and reliable

technique in the detection of caries in adult permanent dentition.

This approach appears as a practical diagnosis tool, especially

beneficial in teledentistry, where it can mitigate communication

challenges and limited access to health services. In addition, by

using an inexpensive and easily accessible device, this method

facilitates the efficient recording, storage, and sending of relevant

information between users and healthcare professionals.

Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and

accession number(s) can be found below: Zenodo repository,

https://zenodo.org/doi/10.5281/zenodo.10580117.

Ethics statement

The studies involving humans were approved by Ethics

Committee of the Edgardo Rebagliati Martins National Hospital

(1656_GRPR-ESSALUD-2022). The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study. Written informed consent

was obtained from the individual(s) for the publication of any

potentially identifiable images or data included in this article.

Author contributions

VL-L: Conceptualization, Funding acquisition, Investigation,

Methodology, Project administration, Supervision, Writing –

original draft, Writing – review & editing. MM-V: Formal

analysis, Methodology, Supervision, Writing – original draft,

Writing – review & editing. TE-C: Formal analysis, Methodology,

Supervision, Writing – original draft, Writing – review & editing.

MG-A: Data curation, Supervision, Validation, Writing – original

draft, Writing – review & editing. JJ-Y: Data curation,

Investigation, Writing – original draft, Writing – review &

editing. DG-M: Investigation, Supervision, Validation, Writing –

original draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This study was

funded by the Institute of Health Technology Assessment and

Research—IETSI, Essalud-Peru, through the Kaelin 2022 Award

(No. 23-IETSI-ESSALUD-2022).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Cervino G, Oteri G. COVID-19 pandemic and telephone triage before attending
medical office: problem or opportunity? Medicina (B Aires). (2020) 56(5):250. doi: 10.
3390/medicina56050250

2. Torul D, Kahveci K, Kahveci C. Is tele-dentistry an effective approach for patient
follow-up in maxillofacial surgery. J Maxillofac Oral Surg. (2021) 22(3):1–7. doi: 10.
1007/s12663-021-01596-z

3. Garfan S, Alamoodi AH, Zaidan BB, Al-Zobbi M, Hamid RA, Alwan JK, et al.
Telehealth utilization during the COVID-19 pandemic: a systematic review. Comput
Biol Med. (2021) 138:104878. doi: 10.1016/j.compbiomed.2021.104878

4. Stein CD, Xiao X, Levine S, Schleyer TKL, Hochheiser H, Thyvalikakath TP. A
prototype mobile application for triaging dental emergencies. J Am Dent Assoc.
(2016) 147(10):782–791.e1. doi: 10.1016/j.adaj.2016.03.021

5. Ghai S. Teledentistry during COVID-19 pandemic. Diabetes Metab Syndr. (2020)
14(5):933–5. doi: 10.1016/j.dsx.2020.06.029

6. Watfa MO, Bernfeld NM, Oren D, Shani T, Zigron A, Sela E, et al. Rapid
implementation of teledentistry during the COVID-19 lockdown. Adv Oral
Maxillofac Surg. (2021) 2:100031. doi: 10.1016/j.adoms.2021.100031

7. Sarode SC, Sarode GS, Anand R, Patil S, Unadkat H. WhatsApp is an effective
tool for obtaining second opinion in oral pathology practice. J Oral Pathol Med.
(2016) 46(7):513–9. doi: 10.1111/jop.12515

8. Alabdullah JH, Daniel SJ. A systematic review on the validity of teledentistry.
Telemed J E Health. (2018) 24(8):639–48. doi: 10.1089/tmj.2017.0132

9. Estai M, Bunt S, Kanagasingam Y, Kruger E, Tennant M. Diagnostic accuracy of
teledentistry in the detection of dental caries: a systematic review. J Evid Based Dent
Pract. (2016) 16(3):161–72. doi: 10.1016/j.jebdp.2016.08.003

10. Sharma H, Suprabha BS, Rao A. Teledentistry and its applications in paediatric
dentistry: a literature review. Pediatr Dent J. (2021) 31(3):203–15. doi: 10.1016/j.pdj.
2021.08.003

11. AlShaya MS, Assery MK, Pani SC. Reliability of mobile phone teledentistry in
dental diagnosis and treatment planning in mixed dentition. J Telemed Telecare.
(2020) 26(1–2):45–52. doi: 10.1177/1357633X18793767

12. Fonseca ASF, Goldenberg DC, Stocchero GF, Luiz AVC, Gemperli R. Validation
of videoconference with smartphones in telemedicine facial trauma care. Ann Plast
Surg. (2016) 77(4):433–7. doi: 10.1097/SAP.0000000000000623

Lamas-Lara et al. 10.3389/froh.2025.1470706

Frontiers in Oral Health 07 frontiersin.org

https://zenodo.org/doi/10.5281/zenodo.10580117
https://doi.org/10.3390/medicina56050250
https://doi.org/10.3390/medicina56050250
https://doi.org/10.1007/s12663-021-01596-z
https://doi.org/10.1007/s12663-021-01596-z
https://doi.org/10.1016/j.compbiomed.2021.104878
https://doi.org/10.1016/j.adaj.2016.03.021
https://doi.org/10.1016/j.dsx.2020.06.029
https://doi.org/10.1016/j.adoms.2021.100031
https://doi.org/10.1111/jop.12515
https://doi.org/10.1089/tmj.2017.0132
https://doi.org/10.1016/j.jebdp.2016.08.003
https://doi.org/10.1016/j.pdj.2021.08.003
https://doi.org/10.1016/j.pdj.2021.08.003
https://doi.org/10.1177/1357633X18793767
https://doi.org/10.1097/SAP.0000000000000623
https://doi.org/10.3389/froh.2025.1470706
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/


13. Xiao J, Luo J, Ly-Mapes O, Wu TT, Dye T, Al Jallad N, et al. Assessing a
smartphone app (AICaries) that uses artificial intelligence to detect dental
caries in children and provides interactive oral health education: protocol for a
design and usability testing study. JMIR Res Protoc. (2021) 10(10):e32921. doi: 10.
2196/32921

14. Estai M, Kanagasingam Y, Huang B, Checker H, Steele L, Kruger E, et al. The
efficacy of remote screening for dental caries by mid-level dental providers using a
mobile teledentistry model. Community Dent Oral Epidemiol. (2016) 44(5):435–41.
doi: 10.1111/cdoe.12232

15. Estai M, Kanagasingam Y, Mehdizadeh M, Vignarajan J, Norman R, Huang B,
et al. Mobile photographic screening for dental caries in children: diagnostic
performance compared to unaided visual dental examination. J Public Health Dent.
(2021) 82(2):166–75. doi: 10.1111/jphd.12443

16. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig L, et al.
STARD 2015: an updated list of essential items for reporting diagnostic accuracy
studies. Br Med J. (2015) 351:h5527. doi: 10.1136/bmj.h5527

17. Cohen JF, Korevaar DA, Altman DG, Bruns DE, Gatsonis CA, Hooft L, et al.
STARD 2015 guidelines for reporting diagnostic accuracy studies: explanation and
elaboration. BMJ Open. (2016) 6(11):e012799. doi: 10.1136/bmjopen-2016-012799

18. Essalud. Manual de Procedimientos odontoestomatológicos. (2016). Available
online at: https://www.essalud.gob.pe/transparencia/pdf/informacion/
RGCPS_020_2016.pdf (Accessed February 14, 2022).

19. Aguilar Urquiza KDLA, Dueñas Monge AB. Distribución de Caries Dental en los
Beneficiarios de los Programas Sociales en el Perú [Tesis Pregrado]. Lima: Universidad
Peruana Cayetano Heredia (2018).

20. World Health Organization. Ending Childhood Dental Caries: WHO
Implementation Manual. (2013). Available online at: https://www.who.int/
publications/i/item/9789241548649 (accessed January 16, 2022).

21. Ministerio de Salud. Manejo de la atención estomatológica en el contexto de la
pandemia por Covid-19. (2020). Available online at: https://cdn.www.gob.pe/uploads/
document/file/716209/DIRECTIVA_SANITARIA_N_100-MINSA-2020-DGIESP.pdf
(Accessed January 26, 2022).

22. Petruzzi M, de Benedittis M. WhatsApp: a telemedicine platform for facilitating
remote oral medicine consultation and improving clinical examinations. Oral Surg
Oral Med Oral Pathol Oral Radiol. (2016) 121(3):248–54. doi: 10.1016/j.oooo.2015.
11.005

23. Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics. (1977) 33(1):159. doi: 10.2307/2529310

24. Kargozar S, Jadidfard MP. Teledentistry accuracy for caries diagnosis: a
systematic review of in vivo studies using extra-oral photography methods. BMC
Oral Health. (2024) 24(1):828. doi: 10.1186/s12903-024-04564-4

25. Estai M, Kanagasingam Y, Huang B, Shiikha J, Kruger E, Bunt S, et al.
Comparison of a smartphone-based photographic method with face-to-face caries
assessment: a mobile teledentistry model. Telemed J E Health. (2017) 23(5):435–40.
doi: 10.1089/tmj.2016.0122

26. Kohara EK, Abdala CG, Novaes TF, Braga MM, Haddad AE, Mendes FM. Is it
feasible to use smartphone images to perform telediagnosis of different stages of
occlusal caries lesions? PLoS One. (2018) 13(9):e0202116. doi: 10.1371/journal.pone.
0202116

27. AlShaya M, Farsi D, Farsi N, Farsi N. The accuracy of teledentistry in caries
detection in children – a diagnostic study. Digit Health. (2022) 8:205520762211090.
doi: 10.1177/20552076221109075

28. Aly N, El Kashlan M, Giraudeau N, El Tantawi M. Comparison of intraoral
cameras and smartphones in early childhood caries detection: a diagnostic accuracy
study. J Evid Based Dent Pract. (2024) 24(4):102041. doi: 10.1016/j.jebdp.2024.102041

29. Estai M, Kanagasingam Y, Xiao D, Vignarajan J, Bunt S, Kruger E, et al. End-
user acceptance of a cloud-based teledentistry system and android phone app for
remote screening for oral diseases. J Telemed Telecare. (2017) 23(1):44–52. doi: 10.
1177/1357633X15621847

30. Estai M, Winters J, Kanagasingam Y, Shiikha J, Checker H, Kruger E, et al.
Validity and reliability of remote dental screening by different oral health
professionals using a store-and-forward telehealth model. Br Dent J. (2016)
221(7):411–4. doi: 10.1038/sj.bdj.2016.733

31. Zotti F. Telediagnosis of dental caries: possible or impossible? A pilot cross-
sectional study. Clin Exp Dent Res. (2022) 8:1614–22. doi: 10.1002/cre2.663

32. Qari AH, Hadi M, Alaidarous A, Aboalreesh A, Alqahtani M, Bamaga IK, et al.
The accuracy of asynchronous tele-screening for detecting dental caries in patient-
captured mobile photos: a pilot study. Saudi Dent J. (2024) 36(1):105–11. doi: 10.
1016/j.sdentj.2023.10.006

33. Golsanamloo O, Iranizadeh S, Jamei Khosroshahi AR, Erfanparast L, Vafaei A,
Ahmadinia Y, et al. Accuracy of teledentistry for diagnosis and treatment planning of
pediatric patients during COVID-19 pandemic. Int J Telemed Appl. (2022) 2022:1–7.
doi: 10.1155/2022/4147720

34. Pandey P, Jasrasaria N, Bains R, Singh A, Manar M, Kumar A. The efficacy of
dental caries telediagnosis using smartphone: a diagnostic study in geriatric patients.
Cureus. (2023) 15(1):e33256. doi: 10.7759/cureus.33256

Lamas-Lara et al. 10.3389/froh.2025.1470706

Frontiers in Oral Health 08 frontiersin.org

https://doi.org/10.2196/32921
https://doi.org/10.2196/32921
https://doi.org/10.1111/cdoe.12232
https://doi.org/10.1111/jphd.12443
https://doi.org/10.1136/bmj.h5527
https://doi.org/10.1136/bmjopen-2016-012799
https://www.essalud.gob.pe/transparencia/pdf/informacion/RGCPS_020_2016.pdf
https://www.essalud.gob.pe/transparencia/pdf/informacion/RGCPS_020_2016.pdf
https://www.who.int/publications/i/item/9789241548649
https://www.who.int/publications/i/item/9789241548649
https://cdn.www.gob.pe/uploads/document/file/716209/DIRECTIVA_SANITARIA_N_100-MINSA-2020-DGIESP.pdf
https://cdn.www.gob.pe/uploads/document/file/716209/DIRECTIVA_SANITARIA_N_100-MINSA-2020-DGIESP.pdf
https://doi.org/10.1016/j.oooo.2015.11.005
https://doi.org/10.1016/j.oooo.2015.11.005
https://doi.org/10.2307/2529310
https://doi.org/10.1186/s12903-024-04564-4
https://doi.org/10.1089/tmj.2016.0122
https://doi.org/10.1371/journal.pone.0202116
https://doi.org/10.1371/journal.pone.0202116
https://doi.org/10.1177/20552076221109075
https://doi.org/10.1016/j.jebdp.2024.102041
https://doi.org/10.1177/1357633X15621847
https://doi.org/10.1177/1357633X15621847
https://doi.org/10.1038/sj.bdj.2016.733
https://doi.org/10.1002/cre2.663
https://doi.org/10.1016/j.sdentj.2023.10.006
https://doi.org/10.1016/j.sdentj.2023.10.006
https://doi.org/10.1155/2022/4147720
https://doi.org/10.7759/cureus.33256
https://doi.org/10.3389/froh.2025.1470706
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

	Validity and reliability of a smartphone-based photographic method for detection of dental caries in adults for use in teledentistry
	Introduction
	Methods
	Study design
	Population and sample
	Clinical-visual diagnosis method
	Diagnosis of dental caries through the smartphone-based remote photographic method
	Statistical analysis

	Results
	Diagnostic performance

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


