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Abstract

Background Teledentistry offers an effective, cost-efficient solution for caries detection in school children, improving
access to early diagnosis and preventive care in underserved areas. Through remote imaging, it enables timely assess-
ments without in-person visits, helping bridge healthcare gaps and enhance children’s oral health outcomes.

Participants and methods Three examiners participated in this study, examiner 1 (E1) clinically examined the chil-
dren then examined the clinical photos, examiner 2 (E2) examined the photos only, and examiner 3 (E3) took the clini-
cal photos at school without participating in clinical examination. Sample size consisted of 141 school-going children
from primary one to primary six grades. They were examined clinically by E1 using deft/DMFT indices, then clinical
photos were taken for both arches from occlusal view. Occlusal surface photos were only included in the analy-

sis. These photos were examined by E1 and E2 after a 48-h wash-out period and the same indices were measured

and calibrated.

Results There was a strong agreement between clinical and photo diagnosis for E1 (kw=0.899, p <0.001), clini-
cal and photo diagnosis for E2 (kw=0.834, p <0.001), and image diagnoses (E1) and (E2) (kw=0.898, p <0.001). The
internal consistency between clinical and photo diagnoses (E2) was acceptable 0.790 (0.706:0.85). For other scores,
the internal consistency between all variables was excellent (a>0.9).

Conclusion Teledentistry provides accurate and reliable results. It is a valuable tool for school-screening programs
without dental radiographs.

Trial registration [t was retrospectively registered on clinical trial.gov on 25/10/2024 with an identifier NCT06661837.
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Background

Dental caries is considered an infectious preventable
multifactorial childhood disease [1]. When teeth first
erupt, they are highly susceptible to dental caries and
then they become more resistant to subsequent acid
challenges. The clinical significance is that increased
attention should be paid to monitoring the caries sta-
tus of teeth and providing preventive care during dental
eruptive stages [2].

Children nutrition and development is strongly
affected by the presence of a healthy dentition. Chil-
dren need their primary teeth in speech, eating and
growth, which affects overall quality of life. Therefore,
it is essential to prevent caries [3—5]. Children with
active caries on their primary teeth during mixed den-
tition may have distinct microbiological characteristics
than children without caries [6].

The restrictions by the COVID-19 pandemic intro-
duced teledentistry to different oral health settings [7].
Teledentistry can serve as an adjunct to direct visual
examination and radiographs, as part of a comprehen-
sive evaluation [8]. Therefore it’s considered a screen-
ing tool [9]. Awareness and motivation can be raised
through sending photos and images of children’s teeth
to their legal guardians/parents to seek dental treat-
ment. Teledentistry also eliminates the need for an
on-site dentist in screening programs, which saves
the workforce and clinical resources. This model can
be implemented with only a trained dental assistant
[10-12].

Teledentistry has the advantage of providing shift in
healthcare paradigm, providing treatment services and,
increasing accessibility of dental treatment in rural areas
[12, 13].

Panat et al. [14], discovered that teledentistry is an
effective strategy for screening school children for den-
tal caries and dividing them according to their caries risk
category. This risk assessment can aid dental practition-
ers in developing therapeutic and preventative programs
to battle dental caries.

Kopycka et al. [13] explored the use of intraoral cam-
eras and telehealth technology to screen preschool
children for early childhood caries (ECC). Using the
Health-e-Access telehealth network, researchers com-
pared dental images captured by intraoral camera with
traditional visual oral exams. A calibrated examiner
assessed 50 children aged 4 to 6 from an inner-city child-
care center, first through direct examination and later
via randomized, de-identified images taken by a trained
assistant. Results showed that more cases of caries and
a higher number of carious teeth were detected through
teledentistry (42%) than visual exams (28%), with a mean
dfs score of 2.10 versus 1.50.
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AlShaya et al. [15] evaluated the effectiveness of tel-
edentistry as a cost-effective solution. Researchers com-
pared the accuracy of caries detection using intraoral
photographs taken by a dentist and schoolteachers
with clinical examinations of 5-10-year-old children.
A calibrated dentist assessed the children clinically and
then blindly reviewed the photographs after two weeks.
Results showed that mean DMFT scores for primary
teeth were similar across clinical, dental-teledentistry,
and teacher-teledentistry assessments, with compa-
rable findings for permanent teeth. Sensitivity and
specificity were high for both methods, particularly in
primary teeth (95% and 94.3% for dentist photographs;
98.3% and 91.4% for teacher photographs).

Teledentistry overcomes physical obstacles that pre-
vent proper healthcare from reaching rural and under-
developed areas [16]. Teledentistry is widely utilized in
rural communities, enabling the transmission of data,
images, and audio-visual content to facilitate diagno-
sis and consultations between individuals separated by
distance [17].

Intraoral photographs offer several advantages over
traditional clinical examinations. They provide a more
objective and less invasive experience for patients while
also being more convenient for investigators. The cap-
tured images can be stored for future studies, and their
magnification allows for enhanced detail analysis [18].

As people are afraid of exposure to infection after the
COVID-19 pandemic, with their increased interest in
using social media platforms and online educational
methods, they prefer communicating with their doc-
tors by sending photos and being diagnosed [19, 20].
Therefore, this study aims to assess the reliability of
mobile photography in dental caries diagnosis in school
children.

Participants and methods
Ethical approval and consent to participate.

The Scientific Research Ethical Committee, Military
Medical Academy, Egypt provided approval with number
12-2023 in compliance with the Helsinki Declaration.
A written informed consent was obtained from par-
ents/legal guardians regarding clinical examination and
mobile photos of both arches of their children, as well
as publication of photos without revealing their identity.
The informed consent was sent to the parents through
school administrators, and on the day of examination, all
children who provided the written signed informed con-
sent were included in the study. Collection of consents
was performed by the examiner (E3). A verbal assent was
obtained from children above 7 years of age for their par-
ticipation in the study.
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Study design and settings

This diagnostic accuracy study was conducted in Lycée
El Harm language private school, Giza, Egypt. This is an
urban school. It has all grades from preschool to second-
ary. It includes two sections (the English and French sec-
tions). The total number of children in the primary (1-6)
grades was 720 children. Children were invited from pri-
mary one to primary 6 to participate in both sections.
The age of children in primary one was 6 to 7 years, pri-
mary two was 7 to 8 years, primary three was 8 to 9 years,
primary four was 9 to 10 years, primary five was 10 to 11
years and primary six was 11 to 12 years. The study took
place from April 2022 until December 2023.

Participants

Inclusion criteria

Children between 6—12 years old with mixed dentition
only and medically free from any systemic conditions
were included.

Exclusion criteria
Uncooperative children and children with orthodontic
appliances were excluded.

Outcome

This study aimed to assess the accuracy and reliability
of teledentistry mobile photos in detecting and diag-
nosing dental caries among school children in compari-
son to the reference standard (clinical examination).

Sample size and sampling process:

Sampling type: convenience sample.

Sample size calculation: Sample size calculation was
performed using G*Power version 3.1.9.2, [21] Uni-
versity Kiel, Germany. Copyright (c) 1992-2014. The
effect size d was 0.28 according to Subbalekshmi
et al. [22], using alpha (a) level of 0.05 and Beta (f3)
level of 0.05, i.e., power =95%; the estimated sample
size (n) should be 140 students for this study.

Methods
A total of 167 children joined the study; sixteen of them
were excluded as they were above 12 years. The clini-
cal photographs of ten children were used as a guide for
intra-examiner and inter-examiner calibration. The study
population (141 children) was divided into two major
groups according to the school sections; the English and
the French section, and each group was subdivided as per
grade at school, from primary 1 to primary 6.

The first examiner (E1) clinically examined the chil-
dren and evaluated the photos after 2 weeks wash-out
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period according to [13], the second examiner (E2)
evaluated the photos only and did not examine the chil-
dren while the third examiner (E3) captured the clinical
photos without participation in the clinical examina-
tion process. Dental diagnostic charts were prepared
to standardize data collection such as age, birthdate,
gender, year of study, previous medical and dental
history, and to record the caries experience using the
WHO caries indices deft/DMFT (d=decayed tooth,
e=decayed tooth indicated for extraction and f=filled
tooth/ D =decayed tooth, M =missed tooth due to car-
ies and F=filled tooth) [23]. Clinical dental examina-
tion was conducted in the classroom using daylight on
the student chair by E1. This is the same condition for
taking photographs by E3 using a mobile phone. The
occlusal surfaces were examined for the presence of
dental caries and no radiographs were taken.

Calibration of examiners

Intra-examiner reproducibility

Ten excluded children were used as calibration for the
examiner and to test and adjust the dimensions and
quality of the photos by recording their caries indices
clinically and through photos. E1 and E2 examined the
children’s photos at two different times. More than 85%
matching results at baseline and after 48 h was the mini-
mally accepted percentage for calibration.

Inter-examiner calibration
Similarly, as intra-examiner reproducibility, calibration
was performed on both examiners.

This study was conducted in two phases. Phase I—gold
standard phase: involved the clinical examination of chil-
dren by E1. Pre-prepared charts were fulfilled including
the demographics of the children with the caries index
calculation. Then, E3 captured two photographs of both
arches, from occlusal view using an iPhone 13Pro 12MP
back camera in daylight. The idea behind using a mobile
phone and daylight is to evaluate if the normal photos
received daily from parents or patients are reliable or
not. No special photography equipment was used in this
study.

The caries indices used were (deft) and (DMFT) index
for mixed dentition stage. Children were asked about
their lost anterior teeth if present to assess the cause of
tooth loss either due to trauma or caries.

Phase II — photographs management phase: involved
the transferal of mobile photos captured at school to a
laptop with an LCD 15-inch screen and a resolution of
1920% 1080. The same photos were examined by both
examiners on the same computer on separate occasions.

Three values of caries indices scores were generated for
every child as follows:
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[def/DME-1—as examined and scored by E1 in clinical
examination phase; def/DMF-2—as examined and scored
by E1 (mobile photos) and def/DMF-3 —as examined
and scored by E2 (mobile photos)].

After screening, an educational program was per-
formed to all the children on how to brush their teeth
properly, using a dental model and any child who needs
treatment intervention was referred to either the Pediat-
ric Dentistry and Dental Public Health Department, Fac-
ulty of Dentistry, Cairo University or to a private clinic
near the school with a special offer to any child referred
from the school.

Statistical analysis

Categorical data were presented as frequency and per-
centage values. Numerical data were presented as mean,
standard deviation, median, and interquartile range val-
ues. They were analyzed for normality using the Shapiro—
Wilk test and were found to be non-parametric except
for age. They were analyzed for intergroup comparisons
using Freidman’s test, followed by the Nemenyi post
hoc test. Reliability was analyzed using weighted kappa.
Internal consistency was analyzed using Cronbach’s
alpha. Diagnostic accuracy was determined using ROC
curve analysis. The significance level was set at p<0.05
within all tests. Statistical analysis was performed with R
statistical analysis software version 4.1.3 for Windows.!

Results

I-Demographic data

The total number of school children examined was 141
with an age range of 8.96 (+ 1.66). Seventy-nine male and
Sixty-two females were participated as shown in Table 1.

lI-Clinical examination

Summary statistics for clinical examination are presented
in Table 2. Majority of the children had previous dental
treatment 87 (61.7%) and their intraoral examination was
normal 138 (97.9%).

llI-Diagnostic Accuracy for both examiners

Examiner 1

Diagnostic accuracy for E1 is presented in Table 3 and
the ROC curve in Fig. 1. ROC curve analysis revealed
that sensitivity was (96.8%), specificity was (91.2%),
positive predictive value was (90.3%), negative predic-
tive value was (97.1%) and the area under the ROC
curve (AUC) was 0.958 with 95% Confidence Interval of
(0.934- 0.982).

I R Core Team (2022). R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/.

Page 4 of 9
Table 1 Demographic data
Parameter Value
Sex Male n 79
% 56.0%
Female n 62
% 44.0%
Age (years) Mean+SD 8.96+1.66
Grade First n 38
% 27.0%
Second n 28
% 19.9%
Third n 26
% 184%
Fourth n 27
% 19.1%
Fifth n 12
% 8.5%
Sixth n 10
% 7.1%
Section French n 31
% 22.0%
English n 110
% 78.0%
Examiner 2

Diagnostic accuracy for E2 is presented in Table 4 and
the ROC curve in Fig. 2. ROC curve analysis revealed
that sensitivity was (92.8%), specificity was (85.7%),
positive predictive value was (84.7%), negative predic-
tive value was (93.3%) and the area under the ROC
curve (AUC) was 0.925 with 95% Confidence Interval of
(0.892— 0.958).

IV-Reliability of both examiners

Reliability analysis is presented in Table 5. There
was a strong agreement between clinical and photos
(E1) (kw=0.899, p<0.001), clinical and photos (E2)
(kw=0.834, p<0.001), and inter-observer (kw=0.898,
p<0.001).

V-Internal consistency

Internal consistency analysis is presented in Table 6. For
DMEF score, the internal consistency between clinical and
photos (E2) was acceptable 0.790(0.706:0.85). For other
scores, the internal consistency between all variables was
excellent (a>0.9).

Case examples

Two cases are presented in Figs. 3 and 4 as an example of
intraoral photographs captured at school with a mobile
phone.
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Table 2 Summary statistics for dental diagnosis
Parameter Value
Dental history No previous treatment n 54
% 38.3%
Previous treatment n 87
% 61.7%
Intraoral examination Normal n 138
% 97.9%
Abnormal n 0
% 0.0%
Others n 3
% 2.1%
Clinical examination (E1) def Mean+SD 275+257
Median (IQR) 2.00(0.00-5.00)
DMF Mean=+SD 0.40£0.95
Median (IQR) 0.00(0.00-0.00)
Photos examination (E1) def Mean+SD 2.79+248
Median (IQR) 2.00(1.00-5.00)
DMF Mean+SD 044+092
Median (IQR) 0.00(0.00-0.00)
Photos examination (E2) def Mean+SD 2954265
Median (IQR) 2.00(1.00-5.00)
DMF Mean+SD 045+091
Median (IQR) 0.00(0.00-1.00)

Table 3 Diagnostic accuracy for E1

Sensitivity  Specificity Positive Negative AUC 95%Cl
predictive  predictive
value value

96.8% 91.2% 90.3% 97.1% 0958 0.934
t0 0.982

Discussion

The strengths of this study include being a diagnostic
accuracy study with all parameters calculated. The use
of a standardized mobile and computer for assessing
photos. The presence of strict criteria in intra-examiner
reproducibility and inter-examiner calibration. Lastly,
the study was conducted on a large group of school
children.

The limitations were, firstly, no radiographs were taken
for children, which could underdiagnose and miss inter-
proximal caries. Secondly, study design excludes unco-
operative and children with medical conditions that may
have a higher caries risk than study population. Thirdly,
the presence of stains that might be misdiagnosed with
dental caries especially in first permanent molar. Finally,
we did not use any imaging retractors to simulate the
photos provided by parents. All photos were provided
under daylight with no lighting accessories.

Our study aimed to assess caries detection accuracy
and reliability by examining intraoral photographs com-
pared with clinical examinations. All occlusal surface
photos were only included in the analysis and there was
no exclusion to any occlusal surfaces.

Our results showed that teledentistry has reliable accu-
racy in dental caries detection. There was no statistically
significant difference between the mean deft/DMFT of
the photo’s assessment and the clinical examination.

The sensitivity of photos assessment describes the
accuracy to identify participants with caries. While the
specificity is how correct it is to identify participants free
from dental caries.

Therefore, it’s important to connect them with their
positive and negative predictive values (PPV and NPV)
[15], where PPV avoids reporting false-positive cases and
NPV avoids reporting false-negative values.

In our study, all the PPVs and NPVs for both examin-
ers ranged from 84.7 to 97.1. This explains the previously
mentioned interpretation of the accuracy of the sensitiv-
ity and specificity scores [15, 18, 24]

Regarding sensitivity and specificity, photos assessment
showed acceptable sensitivity and specificity when com-
pared to clinical examination. The current study showed
that there was a higher sensitivity for both examiners
96.8% and 92.8% than specificity 91.2% and 85.7% for E1
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Fig. 1 ROC curve for E1
Table 4 Diagnostic accuracy for E2 seen as dental caries in the photos. It also showed high
Sensitivity _Specificity Positive  Negative AUC o9s%cl  LrV and NPV for clinical examination only, indicating
predictive  predictive the ability to avoid false results similar to [15]. In our
value value study, the sensitivity was higher than specificity in con-
_ — 84.7% 93.3% 0925 0892 trast‘ w1ch Moro§1n1 et al. and Fjs.ta} et al. [25, 27], where
00958  specificity was higher than sensitivity.

and E2, respectively, which is similar to findings by [15,
24, 25].

The quality of photos obtained in our study might be
due to the fact of using an advanced smartphone with
enhanced specifications. Also, the standardization of
interpretation of photos on the same computer helped in
improving the final presentation of the photos. This is in
accordance to AlShaya et al. [15].

Our results showed greater sensitivity than specificity,
this is similar to Kopycka-Kedzierawski et al. [13], and
AlShaya et al. [15]. False negative results in our study was
higher than false positive in disagreement with AlShaya
et al. [26].

In our study, reliability of photos assessment is better in
primary teeth than in permanent teeth due to the pres-
ence of stains in the permanent molars which might be

No statistically significant differences exist between the
photos scores and the clinical examinations. The photos
are like visual diagnosis with less examiner’s bias, digital
scoring, and archiving. This was in accordance with Boye
etal. [24].

Conclusions

We conclude that teledentistry screening photograph
examinations can provide accurate and reliable results
as conventional visual clinical examinations regarding
occlusal caries detection and diagnosis without den-
tal radiographs. With improved camera specifications,
higher quality images offer more precise results. There-
fore, teledentistry is a valuable tool for school-screening
programs improving the overall oral health of school
children. Large-scale screenings can be easily conducted
by being more practical and cost efficient.
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Table 5 Reliability analysis
Parameter Agreement No agreement Weighted Kappa p-value
Clinical versus photos (E1) n 112 29 0.899 <0.001*
% 79.4% 20.6%
Clinical versus photos (E2) n 93 48 0.834 <0.001*
% 66.0% 34.0%
Inter-observer n 108 33 0.898 <0.001*
% 76.6% 23.4%

" Significant (p < 0.05) ns; non-significant (p > 0.05)
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Table 6 Internal consistency analysis

Measurement Method Mean+SD Cronbach’s alpha (95%Cl)
def Clinical examination 2.77+256 0.983(0.976:0.988)
Photos (E1) 2.79+248
Clinical examination 2774256 0.966(0.953:0.976)
Photos (E2) 2994265
Photos (E1) 2.79+248 0.977(0.968:0.984)
Photos (E2) 2994265
Clinical examination 2.77+256 0.983(0.978:0.988)
Photos (E1) 2794248
Photos (E2) 299+2.65
DMF Clinical examination 040+0.95 0.917(0.884:0.94)
Photos (E1) 044+092
Clinical examination 040+0.95 0.790(0.706:0.85)
Photos (E2) 045+091
Photos (E1) 044+092 0.915(0.882:0.94)
Photos (E2) 045+091
Clinical examination 0.40+0.95 0.914(0.886:0.936)
Photos (E1) 044+0.92
Photos (E2) 045+0.91

Fig. 3 Clinical photographs for both arches showing an 8-years old girl, in Grade 1. She had previous dental visits. Intra and extra oral examinations
were performed, soft tissue examination was within normal, her clinical examination showed a deft=5 and DMFT =0. In teledental examination,

E1 and E2 agreed on her deft=5, but there was a conflict in her DMFT due to the presence of stains on her lower 6s. E1 scored a DMFT=1 and E2
scored a DMFT=2

Fig. 4 Clinical photographs for both arches showing a 10-years-old boy, in Grade 4. He had previous dental experience. Intra and extra oral
examination were performed, soft tissue examination was within normal, his clinical examination showed a deft=4, DMFT=0 and this agreed
with both examiners
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