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Abstract

Background: Smartphone-based imaging has shown promise in teledentistry; yet, patient comfort during its use compared with
intraoral cameras remains underexplored.

Objective: This study aimed to compare self-perceived comfort during oral evaluations using smartphones and intraoral cameras
in a teledentistry setting.

Methods: A convenience sample of 192 participants aged 6 years and older completed a survey and underwent 2 procedures:
trained researchers captured 3 photographs of the anterior teeth with a Samsung smartphone, and the same teeth were examined
with a MouthWatch intraoral camera. Comfort was rated by participants before and after each procedure using a pictorial 7-point
Likert scale, and data were analyzed with nonparametric tests.

Results: Comfort decreased in 15% (29/192) of the participants following intraoral camera examination (P=.001), while no
significant change was observed after smartphone imaging (P=.52). The difference in comfort change between smartphone
imaging and intraoral camera examination was marginal (P=.05). Among the small subgroup of youths (aged 6-19 years; n=13,
6.8%), 38% (5/13) reported a reduction in comfort after smartphone imaging, compared with 10% (18/179) among adults (P=.02).
In addition, significantly more participants without tooth wear reported a reduction in comfort after smartphone imaging (5/12,
42%), compared with 10% (18/180) among those with tooth wear (P=.02).

Conclusions: Overall, the findings indicate generally comparable comfort levels between the 2 approaches, with a marginal
difference favoring smartphone imaging. While the potential for broader use of smartphone-based imaging in a teledentistry
setting still requires further research, targeted education and aligned institutional and insurance policies may enable its scalable,
sustainable integration that enhances patient experience.

(Online J Public Health Inform 2026;18:e95563) doi: 10.2196/95563
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Introduction

Teledentistry uses digital technologies to deliver synchronous
and asynchronous oral health care and dental assessments to
patients who are not physically present with dental professionals.
Initially developed to support dental consultations for US troops,
teledentistry helped improve access to care and reduce travel
burdens within military settings [1]. In addition to expanding
access, teledentistry has been promoted as a strategy to reduce
oral health inequalities and lessen the financial impact associated
with traditional dental care [2]. Teledentistry models vary, with
some enabling real-time interactions between providers and
patients through video consultations and others relying on
photographs captured for clinical evaluation [3]. In many cases,
intraoral cameras are used to obtain images of the oral cavity
for remote assessment [4-6]. More recently, teledentistry has
expanded into mobile health apps, in which patients or
caregivers use smartphone cameras to take photographs that are
later reviewed by dental professionals. Studies have
demonstrated the feasibility of remote assessment of dental
caries [3], traumatic dental injuries [7], and dental restoration
quality [8] using smartphone-based imaging. Similarly, the
feasibility and reliability of teledentistry assessments for dental
caries [9] and oral potentially malignant disorders [10] using
images captured with intraoral cameras have been confirmed.
Despite this potential, access to in-person dental care and
diagnosis remains limited for many individuals, especially those
in low-income, uninsured, and remote communities who face
a disproportionately high burden of oral disease [11]. Because
traditional diagnostic visits can be costly and time-intensive,
alternative approaches are needed. Teledentistry provides a
means of remote assessment and patient triage, improving access
to care while reducing demand on conventional dental settings
[12].

Although evidence supports the diagnostic accuracy of
teledentistry, barriers to adoption persist. While many dental
professionals express support for teledentistry [13,14], patient
acceptance varies considerably. Reported barriers include the
absence of physical contact during examinations [15], perceived
psychological, financial, and performance risks [16], limited
access to digital devices or limited digital literacy [15], concerns
about privacy and confidentiality [17], and discomfort with
capturing intraoral photographs [15]. Social influences also play
a role, with greater acceptance observed when family and peers
endorse teledentistry [16], and patient anxiety during procedures
further affects compliance and outcomes [18]. Together, these
factors underscore that patient comfort and acceptance are
critical for the successful integration of teledentistry into routine
care.

While both smartphones and intraoral cameras are increasingly
used for the detection of dental caries and oral cancer [4-6],
most comparative research has centered on diagnostic accuracy
[5,6]. Far less attention has been given to patient-centered
outcomes, particularly comfort and acceptance. To date, only
one study has examined children’s acceptance of both modalities
during caries screening [4], highlighting a notable gap in
understanding how adolescents and adults experience these
tools in terms of emotional and physical comfort. In this context,

comfort refers to a state of ease marked by the absence of
distress and the presence of safety, positivity, and situational
acceptance [19]. Research in other clinical fields has
documented patient comfort with mobile imaging technologies,
such as smartphone-based photography in neurology [20] and
portable otoscope telemedicine devices in otology [21]. Within
teledentistry, however, only one recent study has evaluated
patient comfort with smartphone-based imaging from the
perspective of dental clinicians, and it did not directly capture
patients’ own interpretations of comfort [17].

To address this gap, this study aimed to assess prospective
patients’ comfort levels during examinations conducted with
an intraoral camera versus those involving smartphone-captured
photographs. The goal was to generate evidence that could guide
strategies for expanding the use of teledentistry among the
general population and, more specifically, to support broader
access to dental care in remote and underserved communities.
Accordingly, this study tested whether patient comfort differed
between the 2 imaging modalities.

Methods

Ethical Considerations
This study was approved by the institutional review board of
the University of Minnesota (STUDY00022279). Informed
consent was obtained from all adult participants, and parental
consent was obtained for those younger than 18 years. All study
personnel followed institutional review board–approved
procedures for data access, confidentiality, and privacy. All data
were anonymized and deidentified prior to analysis. Participants
received a spin toothbrush as compensation after providing
consent and completing the study procedures.

Study Design and Setting
This study adhered to the STROBE (Strengthening the Reporting
of Observational Studies in Epidemiology) guideline for
cross-sectional studies [22]. The observational cross-sectional
study was conducted in Minnesota, United States, in 2024, as
part of a multisite machine learning project designed to advance
teledentistry technology and optimize user experience for
image-based assessments of tooth structure loss (TSL),
encompassing crown fractures, caries, and tooth wear [23].
Researchers used the Minnesota State Fair as a
community-based setting to recruit prospective dental patients
who may or may not have had immediate dental care needs.
Recruitment and data collection took place inside the University
of Minnesota’s Driven to Discover building, a designated
research facility located on the fairgrounds that provided space
for fairgoers and researchers to come together for study
participation and community engagement. The Minnesota State
Fair is an annual ticketed event featuring agricultural exhibitions,
art, food, entertainment, and carnival rides. Every year, it attracts
approximately 2 million fairgoers from across the country over
12 days from late August to early September [24], offering a
diverse pool of potential participants.

Participants
To support a separate machine learning analysis using the same
dataset, approximately 150 dental photos were needed for each
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TSL condition [25], contributing to a cumulative target of 600
participants. Recruitment was planned across multiple sites,
with at least 200 participants enrolled at each, including the
Minnesota State Fair and 2 international collaborating locations.
Eligibility criteria required participants to be at least 6 years
old, exhibit one or more signs of TSL, and be able to
communicate in English.

Recruitment followed a standardized procedure. Researchers
were stationed at the entrance of the Driven to Discover building
during designated data collection hours (9 AM-8 PM on 3
separate days). Passersby were visually screened for potential
eligibility based on age and the presence of visible signs of TSL.
Researchers used a brief, scripted verbal explanation to invite
eligible individuals to participate. Additional participants
self-referred after viewing a signboard indicating that
participation included receiving a spin toothbrush. Participants
with identifiable features in or around the mouth (eg, piercings,
birthmarks, tattoos, or jewelry) were excluded. Given the open
and recreational nature of the fair environment, convenience
sampling was used.

Devices and Materials
Dental photos were taken using the camera function of a
Samsung Galaxy S20 FE 5G smartphone, without any image
editing, and then securely uploaded to the Box cloud storage
system. These smartphones were purchased new for our previous
study [7], restricted to password-protected institutional Wi-Fi
(eduroam), prohibited from installing additional apps, and stored
and managed by a key researcher. Individual user accounts and
passwords were required for Box. MouthWatch intraoral
cameras were used to assess the participants’ anterior teeth and

to complete a dental chart, which also operated independently
of linked software. A survey tool, designed to collect
demographic information and evaluate comfort levels, was
administered using iPads (Apple Inc). Additionally, a dental
chart was accessed through the Notability app on the iPad and
later transferred to a spreadsheet for auditing and analysis.

Procedure
All researchers were trained and calibrated before participant
recruitment and data collection. Each participant completed a
self-administered demographic questionnaire. Using a pictorial
version of a 7-point Likert scale [26], participants rated their
comfort levels before and after each imaging method.
Examinations were conducted in a fixed sequence, beginning
with the intraoral camera and followed by smartphone imaging
with flash. Due to the recreational and high-throughput nature
of the Minnesota State Fair setting, procedural simplicity was
required in the affiliated research facilities; therefore, the order
of modalities was not randomized or counterbalanced.

Consistent with prior publications using smartphone imaging
in dentistry, 3 standardized photographs were captured for each
participant (Figure 1) [7]. Images were taken with the designated
smartphone under natural light with the flash feature activated.
Each participant was seated upright in a chair, and the researcher
stood directly in front during image capture. All images were
immediately uploaded via a secure wireless network to the Box
cloud system. An experienced teledentist subsequently
performed a remote assessment, charting tooth-by-tooth
conditions, including uncomplicated and complicated crown
fractures, caries, tooth wear, and teeth that were missing,
restored, sound, or partially erupted.

Figure 1. Example dental photographs captured during the study using a Samsung Galaxy S20 FE 5G smartphone in a cross-sectional teledentistry
evaluation of tooth structure loss among fairgoers at the 2024 Minnesota State Fair (United States): (A) mandibular occlusal view, (B) frontal view,
and (C) maxillary occlusal view. For infection-control purposes, participants retracted their lips with their own fingers during image capture. The images
are shown with the participant’s consent.

Data Analysis
Data entry and statistical analysis were performed using Excel
(Microsoft Office LTSC Professional Plus 2024) and R (version
4.3.3; R Foundation for Statistical Computing), respectively.
Counties of residence were categorized as either “metropolitan”
or “nonmetropolitan” according to the 2023 Rural-Urban
Continuum Codes [27].

Due to the subjective nature of the comfort levels, the “before
and after differences,” defined as the comfort level after a photo
is taken minus that before a photo is taken for the same
participant, were used as the outcome variables to reduce the

effects of within-participant variability. The changes in comfort
levels after each device were assessed among all participants,
as well as among different subgroups formed by potential
confounding variables such as demographics and dental
conditions. The changes in comfort levels across all participants
were analyzed using the Wilcoxon signed-rank test. The changes
in comfort levels between different subgroups were analyzed
using the Wilcoxon rank-sum test (when there were 2 subgroups)
and Kruskal-Wallis test (when there are 3 or more subgroups).
The use of nonparametric methods was appropriate due to the
nonnormal nature of the data collected. The level of significance
was set at 5%.
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Results

226 fairgoers consented to participate. After excluding
participants with missing data, a total of 192 (85%) participants
were included in the final sample. These included 181 (94.3%)

residing in Minnesota and 11 (5.7%) from other US states. The
teledentist’s remote assessment confirmed TSL conditions
(crown fractures, caries, or tooth wear) in 190 (99%)
participants. Table 1 presents the frequency distribution of the
final sample.

Online J Public Health Inform 2026 | vol. 18 | e95563 | p. 4https://ojphi.jmir.org/2026/1/e95563
(page number not for citation purposes)

Lucas et alONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 1. Frequency distribution of demographic and dental characteristics and associated changes in comfort levels among 192 participants in an
observational cross-sectional teledentistry study conducted at the 2024 Minnesota State Fair (United States), including P values for comfort change
after smartphone imaging, after intraoral camera examination, and between modalities.

Difference in comfort level
change between smartphone
imaging and intraoral camera
examination, P value

Comfort level change after
intraoral camera examination,
P value

Comfort level change after
smartphone imaging, P
value

Frequency, n (%)

Demographics

.32.19.69Gender

98 (51)Woman

92 (48)Man

2 (1.0)Nonbinary

.93.68.30Race

30 (15.6)Black, Indigenous, and
People of Color

162 (84.4)White

.44.20.25Age (y)a

13 (6.8)6-19

25 (13)20-29

17 (8.9)30-39

24 (12.5)40-49

36 (18.7)50-59

51 (26.6)60-69

26 (13.5)70-84

.08.32.02bAge group

13 (6.8)Adolescents

179 (93.2)Adults

.10.08.76Area of residence

174 (90.6)Metropolitan

18 (9.4)Nonmetropolitan

Dental conditions

.80.26.18Caries

32 (16.7)Caries

160 (83.3)No caries

.34.53.86Crown fracture

158 (82.3)Crown fracture

34 (17.7)No crown fracture

.03b.80.02bTooth wear

180 (93.8)Tooth wear

12 (6.2)No tooth wear

0.2.15.85Restoration

164 (85.4)Restoration

28 (14.6)No restoration

.05.001b.52192 (100)Overallc

aData analysis based on a Kruskal-Wallis test.
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bP<.05.
cData analysis based on a Wilcoxon signed-rank test.

More participants reported a decrease in comfort levels than an
increase following the intraoral camera examination (P=.001;
Figure 2A). The result of the Wilcoxon signed-rank test reflects
the asymmetry of the distribution. Of the 192 participants, 29
(15.1%) reported a reduction in comfort after the intraoral
camera procedure, while only 7 (3.6%) indicated an increase in

comfort. No significant change in comfort was observed after
smartphone imaging (P=.52). When comparing the 2 modalities,
the change in comfort levels before and after the procedure
showed only a marginal difference between smartphone imaging
and intraoral camera examination (P=.05; Figure 2B).

Figure 2. Changes in participant comfort levels before and after imaging procedures in an observational cross-sectional study of teledentistry conducted
at the 2024 Minnesota State Fair (United States): (A) comfort change after intraoral camera examination, (B) comparison of comfort change between
smartphone imaging and intraoral camera examination, (C) comfort change after smartphone imaging by tooth wear status, and (D) comfort change
after smartphone imaging by age group.

Participants without tooth wear experienced a greater decrease
in comfort levels after smartphone imaging compared with those
with tooth wear (P=.02; Figure 2C). Among the 12 participants
without tooth wear, 5 (41.7%) reported a reduction in comfort
levels, while only 10% (18/180) of the participants with tooth
wear reported the same. It should be noted that among the 12
participants without tooth wear, 4 (33.3%) were younger than
20 years, 1 (8.3%) had caries, 8 (66.7%) had uncomplicated
crown fractures, and 2 (16.7%) had complicated crown fractures.
Note that these categories are not mutually exclusive and
therefore the sum of the reported counts is greater than 12.
Moreover, children and adolescents (aged 6-19 years)
experienced a more pronounced reduction in comfort after
smartphone use than adults (P=.02; Figure 2D). Among the 13
children and adolescents, 5 (38.5%) indicated a reduction in
comfort, while only 10.1% (18/179) of participants aged 20
years or older reported the same.

No significant differences in comfort levels were observed by
gender, metropolitan or nonmetropolitan residence, or other
oral conditions (P≥.08).

Discussion

Interpretation of Findings
This study aimed to compare patient comfort during dental
evaluations conducted with smartphone-based imaging and
intraoral camera examination. Consistent with this objective,
the findings indicated that comfort decreased following intraoral
camera use, whereas smartphone imaging did not produce a
significant change. When comparing the 2 modalities,
smartphone imaging demonstrated comparable comfort, with
a trend toward greater comfort relative to intraoral camera
examination. These results directly addressed the study aim and
contributed new evidence to the limited literature on
patient-centered outcomes in teledentistry.

The consistent comfort associated with smartphone imaging
may be due to factors such as familiarity, patient friendliness,
simplicity, and portability, as suggested by Aly et al [4]. Given
the widespread use of smartphones for communication,
education, and recreation [28], individuals may feel more at
ease, less intimidated, and more comfortable when photographed
with such devices [4]. Similar preferences have been observed
in other areas of dentistry where less invasive digital
technologies, such as digital impression systems, have replaced
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traditional impression techniques [29]. In those contexts, patients
have favored digital methods due to increased efficiency,
reduced chair time, and reduced discomfort associated with
prolonged mouth opening [30]. Similarly, in esthetic dentistry,
digital 3D modeling has been preferred over conventional
approaches for its shorter treatment duration, enhanced comfort,
and reliability [31]. Although Aly et al [4] noted that smartphone
imaging elicited lower fear and better behavior among pediatric
patients, they also found that intraoral camera procedures were
completed more quickly [4]. However, patients undergoing
intraoral camera examinations experienced difficulty
maintaining mouth opening [4]. Thus, perceived familiarity,
ease of use, and reduced duration of mouth opening during
smartphone imaging may matter more than its brevity. Future
investigations are warranted to examine how these advantages,
individually or in combination, affect patient comfort.

The present study identified an association between age and
patient comfort levels, with children and adolescents exhibiting
a greater reduction in comfort following smartphone imaging
compared with adults. This pattern contrasts with a prior study
reporting more favorable behavior in children examined using
a smartphone compared with an intraoral camera [4]. In our
sample, a smaller proportion of adults than children reported
decreased comfort after smartphone imaging, and this
age-related finding should be interpreted cautiously given the
small number of youth participants (n=13) and its exploratory
nature. This observation may reflect the well-documented
inverse association between age and dental fear, which is more
prevalent among younger populations [32]. Fear of dental visits
and avoidance behaviors are especially common in children and
adolescents, who may have difficulty understanding the purpose
of dental examinations, particularly within a research context.
The introduction of smartphone technology in a diagnostic
dental setting may have further compounded their discomfort.
Together, elevated dental anxiety and limited familiarity with
smartphone-based imaging in a clinical environment may
explain the greater decline in comfort among younger
participants. To better support pediatric patients during
smartphone-based teledentistry, clinical communication should
incorporate friendly, interactive explanations of the procedures
and include opportunities for children to view the images
captured of their own teeth.

Subgroup analyses revealed that participants without tooth wear
experienced a greater decline in comfort after smartphone
imaging than those with tooth wear. No associations were
observed between changes in comfort and other dental
conditions, including caries, uncomplicated crown fractures, or
complicated crown fractures. As documented in the literature,
the prevalence of tooth wear increases with age [33], suggesting
that participants without tooth wear were more likely to be
younger. This was reflected in the present study’s distribution:
4 (33.3%) of the 12 participants without tooth wear were
younger than 20 years, markedly higher than the overall
proportion of the entire sample (13/192, 6.8%). Given the
inverse relationship between age and comfort levels observed
in this study, the greater discomfort reported by participants
without tooth wear may be confounded by age. Furthermore,
most participants without tooth wear (n=12) presented with

other TSL signs: 1 with caries, 8 with uncomplicated crown
fractures, and 2 with complicated crown fractures. Dental
anxiety, often triggered by the discovery of oral disease and the
anticipated need for intervention [34], is associated with
avoidance of dental visits and poorer health outcomes [35].
Increased distress among patients with untreated dental
conditions and a heightened perceived need for care may explain
the discomfort reported by those without tooth wear during
smartphone imaging [18]. Because the subgroup without tooth
wear was small, these findings should be considered exploratory
and validated in future research with larger and more balanced
samples.

No differences in comfort levels were observed based on
participants’ gender, race, or area of residence. Although prior
research has not specifically examined comfort responses to
teledentistry imaging modalities across these demographic
groups, earlier studies have identified associations between
demographic factors and dental anxiety. For example, female
children [36], those of Asian descent [37], or those residing in
rural areas have been shown to exhibit higher levels of dental
anxiety [36]. Nevertheless, these findings should not be
extrapolated to infer similar patterns in comfort with smartphone
or intraoral camera imaging. Recent work has instead
highlighted factors such as “clear communication, informed
consent, and assurances regarding privacy and data security”
as key contributors to patient comfort during smartphone-based
dental imaging [17]. These considerations point to
communication quality as a contextual factor that may shape
patient experience across demographic groups.

Limitations
Recruitment at the Minnesota State Fair introduced several
limitations to this study. Participation in a large-scale outdoor
event required the purchase of an entry ticket and the physical
ability to navigate the fairgrounds, which may have excluded
individuals with limited financial resources or physical
disabilities. Moreover, individuals with more severe forms of
TSL, such as deep caries with cellulitis or complicated crown
fractures accompanied by bleeding or pain, were unlikely to
attend a recreational venue, resulting in probable
underrepresentation of these conditions. The study’s inclusion
criteria focused exclusively on TSL, thereby excluding
individuals with other oral health conditions such as periodontal
disease, oral cancer, or xerostomia.

The recreational nature of the state fair also required procedural
simplicity. Consequently, the order of imaging modalities was
fixed rather than randomized, with all participants undergoing
intraoral camera examination first, followed by smartphone
imaging. This lack of randomization may have introduced an
order-effect bias [38], whereby the experience of the first
procedure could influence perceived comfort during the second.
Although the direction of such an effect cannot be determined
from the present data, the potential for order-related influence
remains an important methodological limitation. Future studies
should randomize or counterbalance the order of procedures to
minimize this bias.

This study also used a single smartphone model and a single
intraoral camera model, which limits the generalizability of the
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findings. Future research should incorporate multiple device
types and diverse clinical settings to strengthen external validity.

Some statistically significant results were derived from relatively
small subgroup sample sizes. Therefore, caution is required
when interpreting these findings, and future studies should aim
to recruit larger and more balanced subgroup samples.

Finally, the use of a convenience sample limited the
generalizability of the findings. Random sampling was not
feasible in the state fair setting, and similar constraints would
likely arise in clinical recruitment. To enhance
representativeness in future research, sampling across multiple
community or school settings may provide a more diverse and
generalizable participant pool.

Conclusions
Within the study limitations, these findings suggest that
smartphone-based imaging may serve as a patient-friendly
alternative to intraoral cameras in both clinical and teledentistry
settings. Beyond the immediate comparison of comfort levels,
the results indicate that smartphone imaging may warrant further
evaluation as a scalable, accessible component of remote dental
assessment, particularly in underserved or resource-limited
communities. Integrating smartphone-based imaging into routine
practice may reduce barriers related to equipment cost,
portability, and patient acceptance. To facilitate broader
adoption, targeted education for patients and dental
professionals, along with supportive institutional and insurance
policies, will be essential. Future research should explore
implementation strategies, longitudinal patient experiences, and
the role of smartphone imaging in comprehensive teledentistry
workflows.

Acknowledgments
The authors acknowledge funding support from the Frank W Veden Endowment for Clinical Research, the University of Minnesota
School of Dentistry, and the University of Minnesota Medical School Division of Pediatric Emergency Medicine and Child
Abuse. The authors also thank the student workers and staff members at the University of Minnesota for their assistance. Part of
this work was presented at the 54th General Session and Exhibition of the American Association for Dental, Oral, and Craniofacial
Research (AADOCR, 2025). Portions of this manuscript were rephrased with the assistance of Microsoft Copilot, a generative
AI tool developed by Microsoft. Microsoft Copilot was used solely for language refinement and did not generate or edit any
original scientific content, data, analyses, or interpretations. All AI-assisted text was reviewed and verified by the authors to
ensure accuracy, integrity, and the absence of plagiarism.

Data Availability
The deidentified datasets generated or analyzed during this study are available from the corresponding author on reasonable
request.

Funding
This study was supported by the Frank W Veden Endowment for Clinical Research Fund, the Summer Research Fellowship
Program funding for MBL and Faculty Start-up Funding for BH, both from the University of Minnesota School of Dentistry, and
the University of Minnesota Medical School Division of Pediatric Emergency Medicine and Child Abuse Fund. The funding
sources had no role in the study design and were not involved in its execution, data analysis, interpretation, or the decision to
submit the results.

Authors' Contributions
Conceptualization: BH (lead), AMH, ECS, YYC, JPL
Data curation: BH (lead), MBL
Formal analysis: RHLI
Funding acquisition: BH (lead), AMH, ECS, YYC, JPL
Investigation: MBL (equal), BH (equal), AMH (equal)
Methodology: BH (lead), AMH, ECS
Project administration: MBL
Resources: BH (lead), JPL
Supervision: BH
Validation: AMH (lead), MBL, BH
Visualization: RHLI (lead), MBL, BH
Writing—original draft: MBL
Writing—review and editing: BH (lead), RHLI, AMH, ECS, YYC, JPL

Conflicts of Interest
None declared.

Online J Public Health Inform 2026 | vol. 18 | e95563 | p. 8https://ojphi.jmir.org/2026/1/e95563
(page number not for citation purposes)

Lucas et alONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


References

1. Rocca MA, Kudryk VL, Pajak JC, Morris T. The evolution of a teledentistry system within the Department of Defense.
Proc AMIA Symp. 1999:921-924. [FREE Full text] [Medline: 10566495]

2. Talla PK, Rodrigues A. What does teledentistry mean? Mapping of current definitions. Digit Health. Nov 25,
2024;10:20552076241292681. [FREE Full text] [doi: 10.1177/20552076241292681] [Medline: 39600384]

3. 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. Oct
2016;44(5):435-441. [doi: 10.1111/cdoe.12232] [Medline: 27111291]

4. Aly NM, El Kashlan MK, Giraudeau N, El Tantawi M. Children's acceptance of intraoral cameras and smartphones for
caries detection: a randomized controlled clinical trial. Int J Paediatr Dent. Jul 2025;35(4):792-799. [doi: 10.1111/ipd.13291]
[Medline: 39737579]

5. Mahrous R, Amer H, Essam W. Accuracy of intraoral camera and smartphone camera in teledetection of dental caries
among adults: a diagnostic accuracy study. J Evid Based Dent Pract. Sep 2025;25(3):102160. [doi:
10.1016/j.jebdp.2025.102160] [Medline: 40716829]

6. Nguyen J, Yang S, Melnikova A, Abouakl M, Lin K, Takesh T, et al. Novel approach to improving specialist access in
underserved populations with suspicious oral lesions. Curr Oncol. Jan 11, 2023;30(1):1046-1053. [FREE Full text] [doi:
10.3390/curroncol30010080] [Medline: 36661729]

7. Huang B, Estai M, Pungchanchaikul P, Quick K, Ranjitkar S, Fashingbauer E, et al. Mobile health assessment of traumatic
dental injuries using smartphone-acquired photographs: a multicenter diagnostic accuracy study. Telemed J E Health. Oct
2024;30(10):2592-2600. [FREE Full text] [doi: 10.1089/tmj.2024.0012] [Medline: 38946689]

8. Yazicioglu A, Yildiz Telatar G. Quality assessment of anterior composite restorations: clinical examination versus three
digital photographic techniques. Clin Oral Investig. Apr 18, 2026;30(5):181. [doi: 10.1007/s00784-026-06870-3] [Medline:
41999411]

9. Tan WK, Chua DR. Parental use and acceptance of an accessible, commercially available intraoral camera for teledentistry
in their children. Eur Arch Paediatr Dent. Apr 2024;25(2):237-246. [doi: 10.1007/s40368-024-00878-7] [Medline: 38643420]

10. Vetchaporn S, Rangsri W, Ittichaicharoen J, Rungsiyakull P. Validity and reliability of intraoral camera with fluorescent
aids for oral potentially malignant disorders screening in teledentistry. Int J Dent. Oct 29, 2021;2021:6814027. [FREE Full
text] [doi: 10.1155/2021/6814027] [Medline: 34745263]

11. Northridge ME, Kumar A, Kaur R. Disparities in access to oral health care. Annu Rev Public Health. Apr 02,
2020;41:513-535. [FREE Full text] [doi: 10.1146/annurev-publhealth-040119-094318] [Medline: 31900100]

12. Malpe M, Choudhari SG, Nagtode N, Muntode Gharde P. Beyond the chair: exploring the boundaries of teledentistry.
Cureus. Jun 13, 2024;16(6):e62286. [doi: 10.7759/cureus.62286] [Medline: 39006674]

13. Alabass SO, Elhadi YA, Saeed Alhussain MM, Siddig RE, Abdalla Elfaki AO, Yousif Elgayli EE, et al. Acceptance and
readiness for tele-dentistry among dental professionals amidst conflict in Sudan. BMC Oral Health. Jul 06, 2025;25(1):1123.
[FREE Full text] [doi: 10.1186/s12903-025-06501-5] [Medline: 40619363]

14. Schultz EC, Huang B, Shenouda M, Estai M, Ranjitkar S, Louie JP, et al. Perspectives of frontline clinicians and end-line
users on smartphone-based photography for assessing traumatic dental injuries: focus group interview study and thematic
analysis. JMIR Hum Factors. Jan 26, 2026;13:e82668. [FREE Full text] [doi: 10.2196/82668] [Medline: 41587769]

15. Tenore G, Podda GM, La Torre G, Rocchetti F, Palaia G, Di Paolo C, et al. Evaluation of patient’s perception and acceptance
of tele(oral) medicine for care during the COVID-19 pandemic: a cross-sectional pilot survey. Appl Sci. Aug 13,
2021;11(16):7443. [doi: 10.3390/app11167443]

16. Bahanan L, Alsharif M. Factors affecting the acceptance of teledentistry determined using the technology acceptance model:
a cross-sectional study. Digit Health. Feb 19, 2023;9:20552076231158034. [FREE Full text] [doi:
10.1177/20552076231158034] [Medline: 36825078]

17. Shenouda M, Huang B, Schultz EC, Estai M, Ranjitkar S, Louie JP, et al. Assessing patient discomfort in smartphone-based
teledentistry from the perspective of dental professionals: qualitative interview study. Online J Public Health Inform. Apr
07, 2026;18:e81163. [FREE Full text] [doi: 10.2196/81163] [Medline: 41945764]

18. Armfield JM, Stewart JF, Spencer AJ. The vicious cycle of dental fear: exploring the interplay between oral health, service
utilization and dental fear. BMC Oral Health. Jan 14, 2007;7:1. [FREE Full text] [doi: 10.1186/1472-6831-7-1] [Medline:
17222356]

19. Wensley C, Botti M, McKillop A, Merry AF. Maximising comfort: how do patients describe the care that matters? A
two-stage qualitative descriptive study to develop a quality improvement framework for comfort-related care in inpatient
settings. BMJ Open. May 18, 2020;10(5):e033336. [FREE Full text] [doi: 10.1136/bmjopen-2019-033336] [Medline:
32430447]

20. He G, Dunn HP, Ahmad KE, Watson E, Henderson A, Tynan D, et al. Fundoscopy use in neurology departments and the
utility of smartphone photography: a prospective prevalence and crossover diagnostic accuracy study amongst neurology
inpatients. Eur J Neurol. Aug 2022;29(8):2463-2472. [FREE Full text] [doi: 10.1111/ene.15390] [Medline: 35531644]

Online J Public Health Inform 2026 | vol. 18 | e95563 | p. 9https://ojphi.jmir.org/2026/1/e95563
(page number not for citation purposes)

Lucas et alONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/10566495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10566495&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076241292681?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076241292681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39600384&dopt=Abstract
http://dx.doi.org/10.1111/cdoe.12232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27111291&dopt=Abstract
http://dx.doi.org/10.1111/ipd.13291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39737579&dopt=Abstract
http://dx.doi.org/10.1016/j.jebdp.2025.102160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40716829&dopt=Abstract
https://www.mdpi.com/resolver?pii=curroncol30010080
http://dx.doi.org/10.3390/curroncol30010080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36661729&dopt=Abstract
https://journals.sagepub.com/doi/10.1089/tmj.2024.0012?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1089/tmj.2024.0012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38946689&dopt=Abstract
http://dx.doi.org/10.1007/s00784-026-06870-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41999411&dopt=Abstract
http://dx.doi.org/10.1007/s40368-024-00878-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38643420&dopt=Abstract
https://europepmc.org/abstract/MED/34745263
https://europepmc.org/abstract/MED/34745263
http://dx.doi.org/10.1155/2021/6814027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34745263&dopt=Abstract
https://www.annualreviews.org/content/journals/10.1146/annurev-publhealth-040119-094318?crawler=true&mimetype=application/pdf
http://dx.doi.org/10.1146/annurev-publhealth-040119-094318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31900100&dopt=Abstract
http://dx.doi.org/10.7759/cureus.62286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39006674&dopt=Abstract
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-025-06501-5
http://dx.doi.org/10.1186/s12903-025-06501-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40619363&dopt=Abstract
https://humanfactors.jmir.org/2026//e82668/
http://dx.doi.org/10.2196/82668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41587769&dopt=Abstract
http://dx.doi.org/10.3390/app11167443
https://journals.sagepub.com/doi/10.1177/20552076231158034?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076231158034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36825078&dopt=Abstract
https://ojphi.jmir.org/2026//e81163/
http://dx.doi.org/10.2196/81163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41945764&dopt=Abstract
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-7-1
http://dx.doi.org/10.1186/1472-6831-7-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17222356&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=32430447
http://dx.doi.org/10.1136/bmjopen-2019-033336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32430447&dopt=Abstract
https://europepmc.org/abstract/MED/35531644
http://dx.doi.org/10.1111/ene.15390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35531644&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Hesaka N, Nakazawa T, Kakehata S. A portable pen-shaped otoscope for telemedicine and office-based otologic examination:
feasibility and patient acceptability. J Clin Med. Jan 27, 2026;15(3):1028. [FREE Full text] [doi: 10.3390/jcm15031028]
[Medline: 41682709]

22. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. BMJ. Oct 20,
2007;335(7624):806-808. [FREE Full text] [doi: 10.1136/bmj.39335.541782.AD] [Medline: 17947786]

23. Jang L, Chiang YY, Hastings AM, Pungchanchaikul P, Lucas MB, Schultz EC, et al. OMNI-Dent: towards an accessible
and explainable AI framework for automated dental diagnosis. In: Proceedings of the IEEE/CVF Winter Conference on
Applications of Computer Vision (WACV) Workshops. New York, NY. IEEE; 2026:415-424.

24. Attendance. Minnesota State Fair. URL: https://www.mnstatefair.org/about/attendance/ [accessed 2025-10-26]
25. Shahinfar S, Meek P, Falzon G. “How many images do I need?” Understanding how sample size per class affects deep

learning model performance metrics for balanced designs in autonomous wildlife monitoring. Ecol Inform. May
2020;57:101085. [doi: 10.1016/j.ecoinf.2020.101085]

26. Williams JM, Murray JJ, Lund CA, Harkiss B, de Franco A. Anxiety in the child dental clinic. J Child Psychol Psychiatry.
Mar 1985;26(2):305-310. [doi: 10.1111/j.1469-7610.1985.tb02268.x] [Medline: 3980617]

27. Rural-Urban Continuum Codes. Economic Research Service, U.S. Department of Agriculture. 2025. URL: https://www.
ers.usda.gov/data-products/rural-urban-continuum-codes [accessed 2025-10-26]

28. Bientzle M, Restle A, Kimmerle J. Perception of purposeful and recreational smartphone use in physiotherapy: randomized
controlled trial. JMIR Mhealth Uhealth. Apr 21, 2021;9(4):e25717. [FREE Full text] [doi: 10.2196/25717] [Medline:
33881402]

29. Siqueira R, Galli M, Chen Z, Mendonça G, Meirelles L, Wang HL, et al. Intraoral scanning reduces procedure time and
improves patient comfort in fixed prosthodontics and implant dentistry: a systematic review. Clin Oral Investig. Dec
2021;25(12):6517-6531. [FREE Full text] [doi: 10.1007/s00784-021-04157-3] [Medline: 34568955]

30. Yuzbasioglu E, Kurt H, Turunc R, Bilir H. Comparison of digital and conventional impression techniques: evaluation of
patients' perception, treatment comfort, effectiveness and clinical outcomes. BMC Oral Health. Jan 30, 2014;14:10. [FREE
Full text] [doi: 10.1186/1472-6831-14-10] [Medline: 24479892]

31. Mocelin RC, Penteado MM, Pierre FZ, Saraiva AC, Uemura ES, da Silva JM. Assessment of patient and dentist preference
between conventional and digital diagnostic waxing. Int J Esthet Dent. Aug 17, 2021;16(3):300-309. [Medline: 34319665]

32. Grisolia BM, Dos Santos AP, Dhyppolito IM, Buchanan H, Hill K, Oliveira BH. Prevalence of dental anxiety in children
and adolescents globally: a systematic review with meta-analyses. Int J Paediatr Dent. Mar 2021;31(2):168-183. [doi:
10.1111/ipd.12712] [Medline: 33245591]

33. Decup F, Léger S, Lefèvre S, Doméjean S, Grosgogeat B. Risk factors or indicators for dental caries and tooth wear and
their relative importance in adults according to age. J Dent. Aug 2024;147:105092. [doi: 10.1016/j.jdent.2024.105092]
[Medline: 38821393]

34. Hatch JP, Mohebzad E. The fearful and phobic patient. In: Prevention in Clinical Oral Health Care. St. Louis, MO. Mosby;
2008.

35. Alenezi AA, Aldokhayel HS. The impact of dental fear on the dental attendance behaviors: a retrospective study. J Family
Med Prim Care. Oct 2022;11(10):6444-6450. [FREE Full text] [doi: 10.4103/jfmpc.jfmpc_1030_22] [Medline: 36618260]

36. Vasakova J, Tichy A, Duskova J, Bradna P, Broukal Z. Dental fear/anxiety in Czech preschoolers: relationship to gender,
age, location of residence, dental status and previous treatment experience. Eur J Paediatr Dent. Dec 2022;23(4):327-331.
[FREE Full text] [doi: 10.23804/ejpd.2022.23.04.13] [Medline: 36511903]

37. Mahiepala NA, Phan VL, Kieu KD, Koppen JP, Hussain BH, Huang B. Influencing factors of paediatric dental anxiety
levels in an undergraduate dental clinic. Eur J Paediatr Dent. Jun 2015;16(2):159-162. [Medline: 26147825]

38. Lucas CP. The order effect: reflections on the validity of multiple test presentations. Psychol Med. Feb 1992;22(1):197-202.
[doi: 10.1017/s0033291700032852] [Medline: 1574556]

Abbreviations
STROBE: Strengthening the Reporting of Observational Studies in Epidemiology
TSL: tooth structure loss

Online J Public Health Inform 2026 | vol. 18 | e95563 | p. 10https://ojphi.jmir.org/2026/1/e95563
(page number not for citation purposes)

Lucas et alONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=jcm15031028
http://dx.doi.org/10.3390/jcm15031028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41682709&dopt=Abstract
https://boris-portal.unibe.ch/handle/20.500.12422/95792
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17947786&dopt=Abstract
https://www.mnstatefair.org/about/attendance/
http://dx.doi.org/10.1016/j.ecoinf.2020.101085
http://dx.doi.org/10.1111/j.1469-7610.1985.tb02268.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3980617&dopt=Abstract
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes
https://mhealth.jmir.org/2021/4/e25717/
http://dx.doi.org/10.2196/25717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33881402&dopt=Abstract
https://europepmc.org/abstract/MED/34568955
http://dx.doi.org/10.1007/s00784-021-04157-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34568955&dopt=Abstract
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-14-10
https://bmcoralhealth.biomedcentral.com/articles/10.1186/1472-6831-14-10
http://dx.doi.org/10.1186/1472-6831-14-10
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24479892&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34319665&dopt=Abstract
http://dx.doi.org/10.1111/ipd.12712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33245591&dopt=Abstract
http://dx.doi.org/10.1016/j.jdent.2024.105092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38821393&dopt=Abstract
https://europepmc.org/abstract/MED/36618260
http://dx.doi.org/10.4103/jfmpc.jfmpc_1030_22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36618260&dopt=Abstract
https://doi.org/10.23804/ejpd.2022.23.04.13
http://dx.doi.org/10.23804/ejpd.2022.23.04.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36511903&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26147825&dopt=Abstract
http://dx.doi.org/10.1017/s0033291700032852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1574556&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by E Mensah; submitted 17.Mar.2026; peer-reviewed by P Dhawan; comments to author 15.Apr.2026; revised version received
01.Jul.2026; accepted 10.Jul.2026; published 05.Aug.2026

Please cite as:
Lucas MB, Huang B, Ip RHL, Hastings AM, Schultz EC, Chiang Y-Y, Louie JP
Patient Comfort With Smartphone-Based and Intraoral Camera Imaging in Teledentistry: Observational Cross-Sectional Study
Online J Public Health Inform 2026;18:e95563
URL: https://ojphi.jmir.org/2026/1/e95563
doi: 10.2196/95563
PMID:

©Martha B Lucas, Boyen Huang, Ryan HL Ip, Angela M Hastings, Emily C Schultz, Yao-Yi Chiang, Jeffrey P Louie. Originally
published in the Online Journal of Public Health Informatics (https://ojphi.jmir.org/), 05.Aug.2026. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Online
Journal of Public Health Informatics, is properly cited. The complete bibliographic information, a link to the original publication
on https://ojphi.jmir.org/, as well as this copyright and license information must be included.

Online J Public Health Inform 2026 | vol. 18 | e95563 | p. 11https://ojphi.jmir.org/2026/1/e95563
(page number not for citation purposes)

Lucas et alONLINE JOURNAL OF PUBLIC HEALTH INFORMATICS

XSL•FO
RenderX

https://ojphi.jmir.org/2026/1/e95563
http://dx.doi.org/10.2196/95563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

