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Abstract

Objectives: This study investigated the accuracy and duration of intraoral digital photograph
examination (IDPE) for evaluating oral health status and explored the feasibility of remote oral
health assessment.

Methods: Thirty-one healthy college students underwent evaluations of oral health status via
clinical examination (CE) combined with panoramic X-ray assessment at baseline, followed by
IDPE | month later using photos taken at baseline. Methods for evaluation of gingival health
included the Modified Gingival Index (MGI) and Plaque Index (Pl). Examinations of caries status
included the decayed, missing, and filled teeth and surfaces indexes (DMFT and DMFS indexes,
respectively). The duration of each evaluation was also recorded.

Results: There were significant differences in MGI and Pl between CE and IDPE. There
were no significant differences in DMFT and DMFS indexes between CE and IDPE, and there
were positive correlations between CE and IDPE for each of the two indexes (DMFT index:
r=0.56; DMFS index: r=0.69). The IDPE duration was shorter than the CE duration.
Conclusions: The feasibility of caries status assessment via IDPE is promising. Digital oral health
evaluation merits further clinical consideration.
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Introduction

Telehealth refers to long-distance clinical
care provided through electronic communi-
cation, information technology, or other
means." With the growing accessibility of
the Internet and the widespread use of dig-
ital cameras and smartphones, increasing
communication between doctors and
patients has become readily available;* con-
venient clinical care has also become possi-
ble for vulnerable groups or people living in
remote areas.” Previous studies have shown
that remote diagnosis is effective for the
diagnosis of oral and maxillofacial dis-
cases.*> Studies by Aziz and Ziccardi and
by Carey et al. have demonstrated the
application of smartphone technology in
telehealth involving oral and maxillofacial
surgery.®’

Periodontal disease and caries are the
most common diseases that affect human
oral health. Notably, periodontal disease
is the sixth most common chronic disease
worldwide®® and the primary reason for
tooth loss among adults.' Combined
assessments involving clinical examination
(CE) and X-ray examination usually
require expensive in-person visits for the
detection of early-stage oral health prob-
lems.'" " Thus, there is a need to identify
an alternative method (e.g., remote oral
health evaluation) that might be convenient
for patients and conserve medical resources.
Thus far, two studies have shown high sen-
sitivity and specificity for remote caries
screening using smartphones.''"'*
However, the accuracy and efficiency of

using digital photos for gingival health eval-
uation have not yet been studied.
Therefore, the present study was performed
to investigate the accuracy and duration of
intraoral digital photograph examination
(IDPE) for evaluating oral health status
and to explore the feasibility of remote
oral health assessment.

Methods

Participants and examiners

This study protocol was approved by the
Medical Ethics Committee of the School
of Medicine, Xiamen University (project
number [for both ethics approval and fund-
ing]: 2018X0583). Student volunteers from
the University were recruited to undergo
oral health assessments. The following
inclusion criteria were used: age 18 to 35
years, overall good health (i.e., no severe
systemic disease, no mental illness, and no
abnormal behavior), and normal visual and
auditory functions that allowed coopera-
tion with the dentists. All volunteers pro-
vided written informed consent and were
permitted to withdraw from the study for
any reason at any time during the course of
the study. The experiment was conducted in
Xiamen Stomatological Hospital and all
examinations were performed by two
trained dentists from the hospital. Each
examiner was accompanied by an assistant
who served as a timekeeper and recorder.
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Study design

The volunteers were randomly divided into
two groups; the volunteers in each group
underwent oral examinations by a single
trained dentist. Two methods were used to
evaluate the oral health status: CE com-
bined with a panoramic X-ray examination
at baseline, followed by IDPE 1 month later
using photos taken at baseline. To ensure
consistency in terms of diagnostic criteria
and results, a pre-test was performed
before the formal experiments to compare
the diagnosis of gingival health and caries
between the two dentists. The kappa value
between the two dentists was >0.75.

Each CE was performed by the examiner
with reference to panoramic X-ray images;
an assistant recorded the results and exam-
ination duration. After the CE, the examin-
er used a Canon EOS 90D digital camera
(with ring flash and 100-mm macro lens) to
take six intraoral digital photos of each vol-
unteer (Figure 1) with aid from assistants in

the form of auxiliary tools (e.g., reflectors
and retractors). These photos were stored
on a computer for subsequent IDPE. One
month later, the examiner reviewed these
photographs on a computer screen in the
order used during the CE; an assistant
recorded the results and examination
duration.

Examination parameters

The Modified Gingival Index (MGI)'> was
evaluated in each volunteer as follows:
0=no inflammation; 1=mild inflamma-
tion (slight changes in gingival color and
texture); 2=mild inflammation of the
entire  gingiva; 3 =moderate gingival
inflammation (moderate bright redness,
bright redness, swelling, or proliferation);
4 =severe gingival inflammation (marked
redness or hyperplasia, spontaneous bleed-
ing, or ulceration). The MGI of each volun-
teer was the mean value of all tested teeth.

Figure I. Digital intraoral photographs taken by professional dentists using cameras with auxiliary tools
(reflectors, retractors and air gun). (a) Frontal photograph showing labial surfaces of anterior teeth; (b) right
lateral photograph showing buccal surfaces of right posterior teeth; (c) left lateral photograph showing
buccal surfaces of left posterior teeth; (d) frontal photograph showing the caries statuses of labial surfaces of
lower anterior teeth; (e) maxillary dentition photograph showing palatal and occlusal surfaces of maxillary
dentition; (f) mandibular dentition photograph showing lingual and occlusal surfaces of mandibular dentition.
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The plaque index (PI)'® was evaluated in
each volunteer as follows: 0 =no plaque;
1 =thin plaque on teeth near the gingival
margin, only identified by scratching the
side of the probe tip across the teeth;
2 =medium plaque visible to the naked
eye in the gingival margin or adjacent
teeth; 3 = considerable plaque in the gingi-
val sulcus and/or gingival margin and adja-
cent teeth. The PI of each volunteer was the
mean value of all tested teeth.

The sums of decayed, missing, and filled
teeth and surfaces of permanent dentition
(DMFT and DMES indexes) were calculat-
ed in accordance with the World Health
Organization (WHO) diagnostic stan-
dard."” The DMFT index was regarded as
the sum of the numbers of teeth with caries,
teeth lost because of caries, and teeth with
filling treatment because of caries. The
DMFS index was the sum of the number
of tooth surfaces with caries, tooth surfaces
lost because of caries, and tooth surfaces
with filling treatment because of caries.
Both indexes were used to express the
caries status of each volunteer.

Intraoral digital photographs comprised
an intraoral frontal photograph of maxil-
lary and mandibular occlusion, an intraoral
frontal photograph of edge-to-edge dental
occlusion, two lateral photographs (left
and right), a maxillary dentition photo-
graph, and a mandibular dentition photo-
graph. These photographs were selected for
analysis in accordance with the protocol
used by Estai et al.!!

Statistical analysis

SPSS Statistics, version 17.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical
analysis. Intergroup differences were
assessed using the Wilcoxon signed-rank
test. Spearman correlation coefficients
were used to compare results between CE
and IDPE. Kappa analysis was performed
to assess sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive
value (NPV), and accuracy between CE
and IDPE. P values <0.05 were considered
to indicate statistical significance.

Results

This study included 31 student volunteers
(age range, 18-22 years; mean age, 19.29
years; 48.4% women). The volunteers
were divided into two groups (15 and 16
volunteers per group). There were signifi-
cant differences in MGI and PI between
CE and IDPE (both P<0.01) (Table 1).
There were positive correlations between
CE and IDPE in terms of MGI (P<0.05),
PI (P<0.01), and examination duration
(P<0.01) (Table 1 and Figure 2). The sensi-
tivity, specificity, PPV, NPV, and accuracy
of MGI and PI for comparing between CE
and IDPE are shown in Table 2.

There were no significant differences in
DMFT and DMFS indexes between CE
and IDPE, although the examination dura-
tion significantly differed between CE and
IDPE (P<0.01) (Table 3). There were posi-
tive correlations between CE and IDPE in

Table 1. Comparison of gingival health status evaluations by CE and IDPE.

Group CE IDPE
MGI 0.584-0.56 0.364-0.43%"

PI 0.73+0.62 0.25-+0.30%
Examination duration (s) 234.74+147.73 66.00+30.47+*

**P<0.01, Wilcoxon signed rank test between groups.

tP<0.05, T'P<0.01, Spearman’s rank correlation coefficient between groups.
CE, clinical examination; IDPE, intraoral digital photograph examination; MGI, Modified Gingival Index; PI, Plaque Index.
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Figure 2. Correlation analyses of oral health status evaluations by CE and IDPE. (a) MGl; (b) PI; (c) DMFT

index; (d) DMFS index.

CE, clinical examination; DMFS, decayed, missing, and filled surfaces; DMFT, decayed, missing, and filled
teeth; IDPE, intraoral digital photograph examination; MGI, Modified Gingival Index; P, Plaque Index.

terms of DMFT index (P<0.01) and DMFS
index (P<0.01) (Table 3 and Figure 2). The
sensitivity, specificity, PPV, NPV, and
accuracy of the DMFT and DMFS indexes
for comparing between CE and IDPE are
shown in Table 4.

Discussion

Park et al.'"® showed that the use of a pho-
tographic method could offer an inexpen-
sive and user-friendly screening alternative
to dental examination. The present study
investigated oral health status by using

Table 2. Accuracy and reliability measures of gin-
gival health status evaluations using CE and IDPE.

CE versus IDPE MGl Pl

Sensitivity (%) 67.2 51.9
Specificity (%) 85.2 61.0
PPV (%) 82.7 53.9
NPV (%) 90.7 74.5
Accuracy (%) 90.3 64.5
Kappa statistic (95% Cl) 0.50% 0.10

*P<0.001, kappa analysis between groups

CE, clinical examination; IDPE, intraoral digital photograph
examination; MGI, Modified Gingival Index; Pl, Plaque
Index, PPV, positive predictive value; NPV, negative pre-
dictive value; Cl, confidence interval.
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Table 3. Comparison of the results of dental caries status evaluations by CE and IDPE.

Group IDPE

DMFT index 1714237 2.23+2.06'
DMFS index 2.84+4.10 3.1943.177t
Examination duration (s) 109.29+70.80 35.064+24.36%*

*P<0.01, Wilcoxon signed rank test between groups

tP<0.01, Spearman’s rank correlation coefficient between groups
CE, clinical examination; DMFS, decayed, missing, and filled surfaces; DMFT, decayed, missing, and filled teeth; IDPE,

intraoral digital photograph examination.

Table 4. Accuracy and reliability measures of
dental caries status evaluations using CE and IDPE.

CE versus IDPE DMFT DMFS
Sensitivity (%) 57.7 48.1
Specificity (%) 95.2 98.6
PPV (%) 435 41.8
NPV (%) 97.2 98.9
Accuracy (%) 92.9 97.6
Kappa statistic (95% Cl) 0.46* 0.44*

*P<0.001, kappa analysis between groups

CE, clinical examination; DMFS, decayed, missing, and
filled surfaces; DMFT, decayed, missing, and filled teeth;
IDPE, intraoral digital photograph examination; PPV, pos-
itive predictive value; NPV, negative predictive value; Cl,
confidence interval.

digital photographs; these photographs
were taken at the time of CE, then reviewed
1 month later to evaluate the feasibility of
remote oral health screening. The
Ebbinghaus forgetting curve theory indi-
cates that the recall of new information is
considerably reduced after 31 days,'” which
suggests that the influence of CE assess-
ments on IDPE assessments was minimized
in the present study.

In this study, MGI and PI were used to
evaluate gingival health, while the DMFT
and DMFS indexes were used to evaluate
caries status. We found that digital photos
had lower sensitivity and specificity in gin-
gival health examination; moreover, the
accuracy of IDPE was higher for evaluating
MGI than for evaluating PI. These results
might have been because the gingival

condition (including color and swelling)
and plaque condition were affected by
many factors such as the lighting and
camera exposure duration, which might
have led to clearer photographic assessment
of gingival condition, compared with
assessment of plaque, although both deviat-
ed from the CE findings. Furthermore,
important indexes such as changes in gingi-
val tissue, bleeding status, and plaque quan-
tity on the adjacent tooth surface could
only be accurately evaluated with a peri-
odontal probe, which could not be used in
a photo examination; therefore, IDPE
exhibited lower accuracy.

Both the DMFT and DMEFS results of
IDPE were positively correlated with those
of CE. The sensitivity of IDPE was lower
for the DMFT and DMEFS indexes, but its
specificity and accuracy were high. This
result was consistent with previous findings
that remote diagnosis of caries could be
performed using smartphones.!""'* This
might have been because the loss of polish
or blackened appearance of dental caries
was easily distinguished in photos;'* more-
over, the photos could clearly show changes
in the colors of lingual, buccal, and occlusal
surfaces. However, interproximal dental
caries generally could not be detected
through IDPE; therefore, the suitability of
remote diagnosis of dental caries should be
confirmed by further examinations.

Compared with CE, the duration of IDPE
was shorter, which was presumably because
the dentists did not require the considerable
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time communicating with patients that is nec-
essary during CE. This result was consistent
with the findings of previous studies in which
the remote diagnosis of caries with smart-
phones exhibited better diagnostic perfor-
mance, compared with traditional face-to-
face clinical screening.'"'*

In this study, the efficiency of caries
status examinations with IDPE was relative-
ly high, which implied that patients might
receive a primary evaluation of their caries
status if they can properly take intraoral
photos with a digital camera at home and
transmit these photos to dentists. This
remote assessment with intraoral digital
photos could facilitate sharing of medical
resources, improve convenience for patients,
and reduce the effort involved in some stages
of clinical assessment. Notably, during peri-
ods such as the current coronavirus pandem-
ic, dentists could perform remote
preliminary examinations of dental health
and avoid exposure to potential infection.

Importantly, although IDPE could
shorten the examination duration and may
offer a convenient option for patients, it
demonstrated low accuracy in terms of gin-
gival health assessment, indicating that
remote gingival health assessment may not
be feasible thus far. In addition, this study
had some limitations. First, only relevant
indicators of gingival health and caries
were evaluated; the periodontal condition
(e.g., attachment loss and pocket depth)
and the final caries diagnosis (e.g., caries
degree and lesion type) were not compre-
hensively evaluated. Second, only panoram-
ic radiographs were taken in the present
study, which are less accurate than bitewing
radiographs in the detection of interproxi-
mal caries.’® Thus, additional studies are
needed to confirm our findings.

Conclusion

Within the limitations of the present study,
the feasibility of caries status assessment

using digital intraoral photos is promising.
Digital oral health evaluation merits further
clinical attention.

Acknowledgements

The authors thank the Xiamen University
Training Program  of Innovation and
Entreprencurship for Undergraduates for finan-
cially supporting this study and the members of
the research group (Jie Gao, Yi Lin, ZhengYuan
Chai, XinYuan Lin, EnDong Xu, JingWei Wu,
XinlJie Li, YueBo Zou, and ZhuoYue Weng) for
their help with data collection.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This study was supported by the Xiamen
University Training Program of Innovation
and Entrepreneurship for Undergraduates (proj-
ect number [for ethics approval and funding]:
2018X0583).

ORCID iDs

ShuLing Guo (® https://orcid.org/0000-0003-
1040-2858

Yong Chen (® https://orcid.org/0000-0001-9498-
0924

Sreekanth Kumar Mallineni @® https://orcid.
org/0000-0002-9432-2590

References

1. Venkateshiah SB, Hoque R and Collop N.
Legal aspects of sleep medicine in the 21st
century. Chest 2018; 154: 691-698.

2. Eysenbach G. From intermediation to disin-
termediation and apomediation: new models
for consumers to access and assess the cred-
ibility of health information in the age of
Web2.0. Stud Health Technol Inform 2007,
129: 162-166.

3. Berndt J, Leone P and King G. Using tele-
dentistry to provide interceptive orthodontic
services to disadvantaged children. Am J
Orthod  Dentofacial Orthop 2008; 134:
700-706.


https://orcid.org/0000-0003-1040-2858
https://orcid.org/0000-0003-1040-2858
https://orcid.org/0000-0003-1040-2858
https://orcid.org/0000-0001-9498-0924
https://orcid.org/0000-0001-9498-0924
https://orcid.org/0000-0001-9498-0924
https://orcid.org/0000-0002-9432-2590
https://orcid.org/0000-0002-9432-2590
https://orcid.org/0000-0002-9432-2590

Journal of International Medical Research

10.

11.

. Torres-Pereira C, Possebon RS, Simoes A,

et al. Email for distance diagnosis of oral
diseases: a preliminary study of teledentistry.
J Telemed Telecare 2008; 14: 435-438.

. Leao JC and Porter SR. Telediagnosis of

oral disease. Braz Dent J 1999; 10: 47-53.

. Aziz SR and Ziccardi VB. Telemedicine

using smartphones for oral and maxillofacial
surgery consultation, communication, and
treatment planning. J Oral Maxillofac Surg
2009; 67: 2505-2509.

. Carey E, Payne KF, Ahmed N, et al. The

benefit of the smartphone in oral and max-
illofacial surgery: smartphone use among
maxillofacial surgery trainees and iPhone
apps for the maxillofacial surgeon.
J Maxillofac Oral Surg 2015; 14: 131-137.

. Chrysanthakopoulos N. Prevalence of gingi-

vitis and associated factors in 13-16-year old
adolescents in Greece. Eur J Gen Dent 2016;
5: 58-64.

. Eke PI, Wei L, Thornton-Evans GO, et al.

Risk indicators for periodontitis in US
adults:  NHANES 2009 to  2012.
J Periodontol 2016; 87: 1174-1185.
Anthonappa RP, King NM, Rabie AB, et al.
Reliability of panoramic radiographs for
identifying supernumerary teeth in children.
Int J Paediatr Dent 2012; 22: 37-43.

Estai M, Kanagasingam Y, Huang B, et al.
Comparison of a smartphone-based photo-
graphic method with face-to-face caries
assessment: a mobile teledentistry model.
Telemed J E Health 2017; 23: 435-440.

12.

14.

15.

16.

17.

18.

19.

20.

Armitage GC. Diagnosis of periodontal dis-
eases. J Periodontol 2003; 74: 1237-1247.

. Ismail Al Clinical diagnosis of precavitated

carious lesions. Community Dent Oral
Epidemiol 1997; 25: 13-23.

Kale S, Kakodkar P and Shetiya SH.
Assessment of mother’s ability in caries
diagnosis, utilizing the smartphone photo-
graphic method. J Indian Soc Pedod Prev
Dent 2019; 37: 360-364.

Lobene RR, Weatherford T, Ross NM,
et al. A modified gingival index for use in
clinical trials. Clin Prev Dent 1986; 8: 3—6.
Turesky S, Gilmore ND and Glickman I.
Reduced plaque formation by the chloro-
methyl analogue of victamine C.
J Periodontol 1970; 41: 41-43.

World Health Organization. Oral health
survey-basic  methods. 4th ed. Geneva,
Switzerland: WHO, 1997.

Park JS, Kruger E, Nicholls W, et al
Comparing the outcomes of gold-standard
dental examinations with photographic
screening by mid-level dental providers.
Clin Oral Investig 2019; 23: 2383-2387.
John RA and Lael JS. Reflections of the
environment in memory. Psychol Sci 1991;
2: 396-408.

Peker I, Toraman AM, Alkurt M, et al. Film
tomography compared with film and digital
bitewing radiography for proximal caries
detection. Dentomaxillofac Rad 2007; 36:
495-499.



	table-fn1-0300060520982841
	table-fn2-0300060520982841
	table-fn3-0300060520982841
	table-fn4-0300060520982841
	table-fn5-0300060520982841
	table-fn6-0300060520982841
	table-fn7-0300060520982841
	table-fn8-0300060520982841
	table-fn9-0300060520982841
	table-fn10-0300060520982841

