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Objective. Today, teledentistry have gain more attention than past due to the advances in technology. The aim of this study was to
compare the use of smartphone photography as a method in teledentistry with the face-to-face examination in the evaluation of
anterior composite restorations. Materials and Methods. In this study, photographs of 24 composite restorations in patients
attended to the clinic of Ardabil Dental School were obtained using a smartphone without any additional equipment and sent
by email to 10 remote observers. As a gold standard method, these restorations were evaluated by an experienced expert in
restorative dentistry a face-to-face examination. In both methods FDI criteria were used to evaluate the restorations and classified
them as acceptable or not. Sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy of the photo-
graphic method relative to face-to-face method were calculated. Furthermore the Mann—Whitney U test was used to statistically
compare the two methods in detail. Results. The sensitivity, specificity, positive predictive value, and negative predictive value of the
smartphone photography method was 69.35%, 48.72%, 87.34%, and 23.75%, respectively. A diagnostic accuracy of 65.97% was
obtained. Statistically, in overall the photographic method rated the restorations as better than they were in reality (face-to-face
examination) (p = 0.002). Conclusions. The diagnostic accuracy of the method of evaluating anterior composite restorations by
smartphone photography was moderate and the use of this method in teledentistry, although was promising, needs to be improved.

1. Introduction

Today, advances in technology have affected various aspects
of medicine like to the all aspects of life. These advances
introduced the term teledentistry which is defined as a com-
bination of telecommunication and dentistry [1]. Teledentis-
try has the potential to improve access to experts and services
and to reduce the existing treatment costs and inequalities due
to the differences in urban and suburban areas [2]. On the
other hand, conditions such as the recent COVID-19 pan-
demic highlighted the need and importance of paying atten-
tion to this new tool in dentistry in order to further reduce the
face-to-face visits [3]. Up to now, the use of photography in
dentistry has increased, but still to a lesser extent has been

used for diagnosis, consultation, and referral [4]. Studies have
shown that photographic techniques in detecting oral diseases
is comparable to the traditional visual methods [5, 6]. In a
study of the ability of digital photography by intraoral camera
to evaluate dental restorations it has been shown that this
technique is a valid method, particularly in posterior restora-
tions [7]. In a recent systematic review, it was concluded that
despite evidence of the use and benefits of teledentistry in
various aspects of dentistry, there is still a need for qualified
studies to evaluate the effectiveness of this new tool [8].

It is clear that the quality of photographs and the equip-
ment used to take them is so important as it can affect the
accuracy of interpretation and analysis of photographs and
may ultimately lead to suboptimal diagnosis [9]. The increasing
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use of smartphones and communication software in public has
created a new era in the transfer of clinical data between patient
and clinician [1]. Almost all smartphones have a camera and
communication capability and are already available at a low
cost and can be used as a method in teledentistry [10].

In the study by Estai et al. [10], photographs taken using a
smartphone were acceptable compared to face-to-face exami-
nation in the diagnosis of dental caries. There are several
promising studies and reports on the diagnosis of caries and
oral lesions by the smartphone teledentistry [11-13]. How-
ever, there is no study that specifically examines restorations
by smartphone photography. Today, resin composite is the
material of choice in restoring anterior and posterior teeth
[14]. Composite allows reproducing of the correct shade
[15], translucency and anatomy of anterior teeth thus provid-
ing esthetic outcomes with conservative treatments [16].
Numerous studies have examined the clinical durability of
composite restorations, indicating good clinical performance
with an annual failure rate of 1.4%. However, replacing com-
posite restorations still takes place and wastes a lot of time and
money in health systems [17]. Anterior restorations have been
shown to behave differently than posterior restorations in
terms of causes of failure: recurrent caries is less pronounced
in anterior restorations whereas other factors, including trau-
matic injuries, marginal wear due to the parafunction, and
esthetic failures play more role in restoration replacement
[18]. Considering these factors, and the lack of studies specif-
ically about composite restorations, the aim of this study was
to compare the evaluation of anterior composite restoration
using smartphone photography with the face-to-face exami-
nation and to determine the diagnostic accuracy of this
method. In this study, the FDI criteria were used for evaluat-
ing the restorations [19]. The null hypothesis of the study was
that there is no difference between the two methods in evalu-
ating anterior composite restorations.

2. Methods

This observational study conducted in Ardabil, Iran in 2020 in
order to assess the diagnostic performance of smartphone pho-
tography as a tool for evaluating anterior composite restorations.
Twenty-four anterior composite restorations in six patients were
studied in a simple available sampling method in such a way that
patients who attended to the Ardabil Dental School dentistry
clinic in 2020 and had anterior composite restorations explained
the objectives of the study and, if been a volunteer, participated
in the study. The informed consent forms were completed by the
participants and the study was ethically approved by ethics com-
mittee of Ardabil University of Medical Sciences under the code
of IRARUMS.REC.1399.017. The sample size calculation was
done using PS power and sample size calculation software based
on estimating the difference in the mean overall scores as 1
between two groups, including the face-to-face and remote
examination groups and aiming for a power of 90% and the «
level of 0.05, which led to a sample size of 22. Finally, 24 restora-
tions included in the study.

At first, the face-to-face examination of restorations was
performed according to FDI criteria by an experienced
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specialist in restorative dentistry and the check lists were filled.
The examination performed on the dental chair in the same
single room with daylight at 10-12 am and was aided by mir-
rors, explorers, and the unit light if necessary. For the esthetic
evaluation of restorations regarding shade matching, only day-
light was used. This examination serves as the gold standard.
Then the photographs of anterior teeth of patients were taken
using a smartphone (Samsung Galaxy J8 (Dublin, IE)) with
main dual camera of 16 and 5MP resolution and LED flash.
Six photographs in each patient were taken from frontal, right
lateral, and left lateral occlusion, maxillary occlusal, mandibular
occlusal, and smile view (Figure 1.) in the distance of approxi-
mately 2-5 cm. The photographs taken by a trained dental
student without any equipment like the oral retractor or mir-
ror. Only the daylight and the built-in flash of the smartphone’s
camera in auto-mode were used during the photo shoot.

The photographs were then emailed to 10 remote exam-
iners which were specialists in restorative dentistry in order
to assess the restorations and fill the FDI criteria checklists.
Choosing 10 remote examiners was done based on a similar
article [20], so we had 240 remote examinations of restora-
tions. The standard FDI criteria are divided into three
groups: esthetic parameters, functional parameters, and bio-
logical parameters. Each group of parameters includes a
number of items or criteria and a score of 1-5 is assigned
to each criterion as below:

(1) Clinically excellent/very good

(2) Clinically good

(3) Clinically sufficient/satisfactory

(4) Clinically unsatisfactory repair (but repairable)
(5) Clinically poor (needs replacement).

The overall score of the restoration is determined from
the scores of the subgroups so that the worst score is consid-
ered as the final score. Scores 1-3 are considered acceptable
and scores 4 and 5 are considered unacceptable [19]. The
original version of this criteria had 16 items, but because
some items cannot be judged in photography, in the present
study, a version by 12-items was used and the items of Radio-
graphic examination, Patient’s view, Postoperative (hyper-)
sensitivity and tooth vitality, and Oral and general health
were removed. An example of a filled form by remote parti-
cipants provided in the Table 1. The filled forms collected
and the final scores of each restoration per examines
checked/calculated by a trained dental student as men-
tioned above.

Finally, in order to evaluate the accuracy of photographic
method related to the face-to-face examination gold standard
method sensitivity, specificity, positive and negative predic-
tive values, and diagnostic accuracy were calculated accord-
ing to the following formulas:

Sensitivity = true positive/(true positive + false negative)
Specificity = true negative/(true negative + false positive)

Positive predictive value = true positive/(true positive +
false positive)
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Ficure 1: Example of photographs taken by smartphone camera: (a) smile, (b) frontal, (c) maxillary occlusal, (d) right occlusion, (e) mandibular

occlusal, and (f) left occlusion views.

Negative predictive value = true negative/(true negative +
false negative)

Diagnostic accuracy = (true positive + true negative)/all
subjects [21].

In addition to the above mentioned calculations, in order
to statistically analyze the data, SPSS version 23 software
(IMB, USA) was used. After examining the normal distribu-
tion of data by Kolmogorov—Smirnov test, the comparison
of the two methods was done by Mann—Whitney U test in
terms of each of the 12 items, three groups, and the overall
result of the FDI criteria.

3. Results

The Kolmogorov—Smirnov test rejected the normal distribu-
tion of data, so the Mann—-Whitney U test was used to

analyze the hypotheses. The results of this test showed that
the overall rating of the restorations were statistically differ-
ent between the two methods studied (p = 0.002) and the
average score was lower in the photographic method than
the face-to-face method. The results also showed that in the
case of esthetic, functional, and biological parameters with
p=0.2, p=0.007, and p = 0.002, the same pattern exists
between the photographic and face-to-face method. By fur-
ther analysis of each of 12 items, it was found that there was
no difference between the two methods in detecting surface
luster (p = 0.18), staining (p = 0.9), color match and trans-
lucency (p = 0.57), esthetic anatomical form (p = 0.87),
approximal anatomical form (p = 0.17), tooth integrity
(p = 0.08), and adjacent mucosa (p = 0.06). However, in
the diagnosis of fracture, the photographic method gave a
worse score to the restorations (p = 0.02) than face-to-face
examination but, it was less able to detect marginal
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TasLE 2: Results of the smartphone photography method and the
gold standard method of face-to-face examination.

Gold
Test results of" standard Total
+ —
* 138 20 158
Smartph hot h
martphone photography _ 61 19 %0
Total 199 39 238

"Unacceptable restorations are considered as a positive test result.

TaBLE 3: Measures of diagnostic accuracy of smartphone photogra-
phy method in evaluating anterior composite restorations.

Measures (%)

Sensitivity 69.35
Specificity 48.725
Positive predictive value 87.34
Negative predictive value 23.75
Diagnostic accuracy 65.97

adaptation problems (p = 0.007). The photographic method
also gave a worse score (p = 0.03) in terms of occlusal contour
and a better scores (p = 0.04) in the case of recurrent caries
and periodontal response.

Considering the results of the photographic method in
comparison with the gold standard of face-to-face examina-
tion (Table 2) and considering the prevalence of 83.61% of
defective anterior composite restorations in the present
study, diagnostic values were calculated for the photographic
method, which shown in the Table 3.

4. Discussion

In the present study, a method of examining anterior com-
posite restorations remotely by smartphone photography
was assessed as a feasibility in teledentistry. The results
showed that there is a statistical difference between the two
methods used in this study, so the null hypothesis was
rejected.

Among the various criteria for evaluating restorations,
EDI criteria reported to be more discriminative with higher
sensitivity than others, and it is said that it can detect the first
signs of damage and failure. These criteria, introduced by
Hickel et al. [19] were approved by the Science Committee
of the FDI World Dental Federation in 2007 and were con-
sidered as the standard in 2008 and were highly recom-
mended to be used in studies [22]. These criteria are a
practical method with several criteria that can be selected
based on the objectives of the study [19]. Accordingly, in
the present study, 12 items that can be applicable to photo-
graphic analysis were selected and restorations were evalu-
ated based on these criteria to accurately compare the two
methods studied.

The statistical comparison showed that in terms of over-
all rating and three groups of esthetic, functional, and bio-
logical parameters of the criteria, the studied teledentistry
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method using smartphone photography resulted in evaluat-
ing the status of restorations as better than reality that con-
firmed by the diagnostic values as a moderate diagnostic
accuracy was obtained for smartphone photography method.
Furthermore, the specificity was less than the sensitivity and
this shows that this method was weaker in detecting accept-
able restorations than unacceptable ones. Additionally, con-
sidering the positive and negative predictive values, it can be
said that more confidence can be placed in the positive
reports (unacceptable restorations) of this method, and just
about a quarter of reports as healthy restoration have been
done correctly. All of these findings confirmed that the
smartphone photography method had lower power in eval-
uating anterior composite restorations compared to gold
standard. Since photography is a two-dimensional image
that does not allow viewing all tooth surfaces, especially in
the proximal areas, its limitations and the results of present
study have been expected [12]. There are only few studies on
the use of photography in the evaluation of restoration. In
Signori’s study, intraoral camera photography was reported
as a valid method with high sensitivity and specificity for
evaluating restorations, especially posterior restorations [7]
in contrary to the results of the present study. It may be due
to the use of an intraoral camera, a standardized photo-
graphic method and the use of a 50” HD television and the
same condition for photographic evaluations in that study
[7] however, in the present study a simplified smartphone
photography technique and uncontrolled end monitors
characteristics for remote evaluations were used in order to
assess the efficacy of a method that can be used everywhere.
Furthermore, the evaluation of anterior restorations is prob-
ably more difficult than posterior restorations due to the
higher subjectivity of esthetic factors which are more impor-
tant for anterior restorations [7, 23]. In the study by Estai
et al. [10], the sensitivity of the smartphone photography in
the diagnosis of dental caries was moderate compared to the
examination method, which was in line with the present
study, but the high-specificity reported in that study was
different from the low specificity of the present study. These
differences can be attributed to the different methodologies
and different equipment used in the studies. The quality of
photographs taken by different equipment is different and
affects the results of analyzes. Presence of saliva, debris, and
unaided photography technique without retractor can be
involved in low-quality photographs [24]. Intraoral cameras
have been studied in the most studies. Despite the lower image
quality and lower price than DSLR digital cameras, they are
still not available in the remote areas and for lay persons. For
this reason, smartphone photography has recently gained
more attention due to its low price and weight, easy portability
and availability, and no need to peculiar training to take
photographs [9].

In the present study, a commonly used smartphone
among the general public which was economically a medium
level device was used and such an easy photographic protocol
without assistance and special equipment was intentionally
used to examine the effectiveness of this method as one that
can be used by majority of nonprofessionals. However, all
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features of this smartphone like the quality of camera and
LED internal flash used in the present study can influence the
quality of images and the accuracy of remote diagnosis.
Along with this, the transferring of images was done via
email, and the monitor resolution and environmental con-
ditions in which the remote examiners viewed the image
could affect the results and all can be the subjects of future
studies. However, according to the results of this study and
similar studies, this method can be considered as a promising
tool in large-scale screening and remote examination [10], or
in situations such as the recent COVID-19 pandemic [3], but
considering the moderate accuracy of the such simple
method used in the present study, especially the low speci-
ficity, further studies and development of equipment to take
more accurate photographs are highly recommended.

Based on the results of the present study, the photo-
graphic method had detected more cases of fracture and
unproper occlusal anatomy, but was able to detect fewer
problems in terms of marginal integrity, recurrent caries,
and periodontal status. Similar studies are not available for
direct comparison, but previous studies have reported more
cases of defective restorations detected by intraoral camera
photography [7] or more cases of fluorosis diagnosed by
photography [25], which can be attributed to the possibility
of image magnification to identify items that are neglected in
clinical examination [26]. In contrast, the problem in distin-
guishing the true fracture line from the artifacts in photog-
raphy can be related to reporting more cases of fracture [9].
In the case of poorer detection of marginal gaps, recurrent
caries, and periodontal problems in the photography, it can
be said that the use of mirror and explorer and better vision
and tactile during clinical examination have been helpful in
diagnosis, which could not be used in photography method.
In a study on posterior restorations evaluated clinically and
photographically, similar results were found about the diag-
nostic capability of the two methods regarding marginal
integrity which explained by the importance of tactile exam-
ination by an explorer, however about recurrent caries they
did not find significant differences between two methods
despite present study [23]. It can be said that the orientation
of anterior teeth can affect the visibility of different aspects of
restorations in the photographs taken in the present study.
Regarding periodontal health, previous studies concluded
that photographic gingival color deviations usually occur
by digital and intraoral cameras and can affect the accuracy
of periodontal evaluation [27, 28]. On the other hand, even
using scans with approximate true colors as Steinmeier et al.
[20] used, periodontal conditions could not be assessed accu-
rately in photographic evaluation so the importance of prob-
ing and clinical examination could not be ignored.

Finally, it should be said that further studies are needed
about different ways to overcome the obstacles that exist in
today’s use of smartphone teledentistry. As concluded by
previous studies these obstacles mainly are related to the
difficulty of obtaining good photographs due to the lack of
sufficient optimization of phone camera features, the absence
of an oral retractor [24], the lack of training [24, 29], and
some issues about laws and funding schemes [29]. The

development of some proprietary applications to aid the
proper orientation of dental arch for photo capturing, some
kinds of commercial retractors designed for smartphone tele-
dentistry and training dental educators, and mid-level health
providers along with preparing some guidelines are the prob-
able areas for future studies.

Despite the limitations of the present study, it can be
concluded that the method of smartphone photography
and sending images via email that used in the present study
had moderate accuracy in evaluating the anterior composite
restorations. Also, compared to face-to-face examination, the
photographic method had a significant difference in terms of
overall rating and esthetic, functional, and biological param-
eters and gave lower scores to the restorations.
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