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Abstract

Background: Gingivitisis a nonpainful, inflammatory condition that can be managed at home. Left untreated, gingivitis can
lead to tooth loss. Periodic dental examinations are important for early diagnosis and treatment of gum diseases. To contain the
spread of the coronavirus, governments, including in Isragl, have restricted movements of their citizens which might have caused
routine dental checkups to be postponed.

Objective: This study aimed to examine the ability of a mobile health app, iGAM, to reduce gingivitis, and to determine the
most effective interval between photograph submissions.

Methods: A prospective observational cohort study with 160 unpaid participants divided into 2 equal groups using the iGAM
app was performed. The intervention group photographed their gumsweekly for 8 weeks. Thewait-list control group photographed
their gums at the time of recruitment and 8 weeks later. After photo submission, the participants received the same message “we
recommended that you read the information in the app regarding oral hygiene habits.” A single-blinded researcher examined all
the images and scored them according to the Modified Gingival Index (MGI).

Results. The average age of the intervention group was 26.77 (SD 7.43) and 28.53 (SD 10.44) for the wait-list control group.
Most participants were male (intervention group: 56/75,74.7%; wait-list control group: 34/51, 66.7%) and described themselves
as“secular”; most were “single” non-smokers (intervention group: 56/75, 74.7%; wait-list control group: 40/51, 78.4%), and did
not take medications (intervention group: 64/75, 85.3%; wait-list control group: 40/51, 78.4%). A total of 126 subjects completed
the study. A statistically significant difference (P<.001) was found in the dependent variable (MGI). Improvements in gingival
health were noted over time, and the average gingivitis scores were significantly lower in the intervention group (mean 1.16, SD
1.18) than in the wait-list control group (mean 2.16, SD 1.49) after 8 weeks. Those with more recent dental visits had a lower
MGI (P=.04). No association was found between knowledge and behavior. Most participants were familiar with the
recommendations for maintaining oral health, yet they only performed some of them.

Conclusions: A dental selfietaken once aweek using an mobile health app (iGAM) reduced the signs of gingivitis and promoted
oral hedth. Selfies taken less frequently yielded poorer results. During the current pandemic, where socia distancing
recommendations may be causing people to avoid dental clinics, this app can remotely promote gum health.

(IMIR Mhealth Uhealth 2021;9(9):€24955) doi: 10.2196/24955
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Introduction

COVID-19 and Dental Implications

Oneand ahalf years have passed since the COVID-19 pandemic
broke out in Wuhan, China[1]. On March 19, 2019, the | sragli
Prime Minister declared a nationa state of emergency and
variousrestrictionswere enforced. “Normal” life resumed with
ongoing rules of wearing masks, hand hygiene, and keeping 2
meters between people. Dentistry is a field with close contact
between patients and the clinical team, with a high risk of
transmission of infections [2]. The aim of these restrictions is
to balance the public health issues, which include decreasing
or preventing the spread of COVID-19, with the need for
minimizing dental and oral pain during this period.

Dental Background

The diseases of the oral cavity can be divided according to the
type of affected tissue: soft or hard tissue disease. Bacteriain
the dental plague are the main cause of these diseases[3].

Hard Tissue Disease

Caries or tooth decay [4] affects over 90% of the world's
population. Thisis caused by bacterial plaque on tooth surfaces
that convert the sugars from food into acids which then cause
minerals to leech out of the outer layer of the tooth (enamel)
and dissolveit. The bacteria then penetrate the deeper layers of
the teeth, namely the dentine and eventually the pulp. Tooth
decay, aso known as caries, is a progressive disease that can
be painful and cause systemic infection and thus cannot be
ignored.

Soft Tissue Disease

Gingivitis[5] isanonpainful, reversibleinflammatory condition
characterized by swelling and redness, along with occasional
bleeding when brushing and bad breath. This reversible stage
can betreated with home remediesincluding strict oral hygiene,
routine dental visits, and cleanings by a dental hygienist.
Untreated gingivitis can progress into periodontitis, where
irreversible damage to the tooth-supporting tissues can lead to
tooth mobility and tooth loss.

Periodic dental examinations are important for the early
diagnosis and treatment of dental problems [6], and the issue
of pain figures prominently in the decision to go to the dental
clinic[7-9]. Between visits, dentists do not know what changes
are occurring in their patients' mouths and patients usually do
not notice changesin the oral cavity until they experience pain.
During this period of lockdown and avoidance of routine dental
checkups, we speculate that many people are experiencing a
declinein their ora health.

eHealth and mobile health

eHealth [10] is the use of information and communication
technologiesfor health. Mobile health (mHealth) isacomponent
of eHealth [11] and is defined by the Global Observatory for
eHealth as “medical and public health practice supported by
mobile devices, such as mobile phones, patient monitoring
devices, personal digital assistants, and other wireless devices’
[12].

https://mhealth.jmir.org/2021/9/e24955
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There are currently over 318,000 mHealth apps, with hundreds
of new apps added daily. mHealth apps can monitor health
conditions and alert the patient or attending physician about
deterioration [13,14].

In August 2020, we published a paper describing the
development of an mHealth app in the field of dentistry named
iGAM [15]. The paper presented here is the second part in the
series and presents the results of an observational study
conducted to examine the ability of a cellular app to reduce
gingivitis. The third part will include the results of a mixed
methods study that investigated the acceptance of this type of
mHealth app. Using computerized technologiesin dentistry can
assist in remotely monitoring patients during times of social
restrictions (eg, COVID-19). A study conducted in Italy by
Giudice et a [16] in 2020 found that teledentistry minimizes
contact and therefore decreases COVID-19 dissemination.
Another study noted the urgent need to incorporate mHealth
apps into routine dental practice as a complementary tool to
manage with those patient needs that arise due to social
distancing [17].

To the best of our knowledge, there are currently no mHealth
appsthat monitor gingival health. The aim of this observational
study was to examine the ability of an mHealth app, iGAM, to
reduce gingivitis without researcher intervention and to
determine the best interval between photograph submissions.

Methods

Design and Development

This prospective observational study was conducted between
September 2019 and May 2020 at the Department of Community
Dentistry Faculty of Denta Medicine, The Hebrew
University-Hadassah School of Dental Medicine. The protocol
was approved by the Hadassah research ethics committee (IRB
0212-18-HMO), and written informed consent was obtained
from all participants. There was no payment for participation.
Advertisements were posted in academic ingtitutions and
hospitals in Jerusalem for 1 month (August 2019). Potential
participants met with the primary investigator (GT), and, after
a thorough explanation about the study, they could download
the app and fill in the informed consent form. The first
participant was randomly assigned by flipping a coin to either
the intervention group or wait-list control group, and from that
point onward, the app was assigned the groups such that
sequential enrollees were assigned to different groups. The
intervention group photographed their gums once aweek for 8
weeks. The wait-list control group photographed their gums at
the time of recruitment for the study and at the end of the study
2 months later. During the first login, the users set a password
known only to them and were then asked to provide anonymous
personal information. The data were then stored on a Google
encrypted server, Firebase. Each participant was given a
randomly generated user number.

This study used the Modified Gingival Index (MGI) [18] that
was introduced in the mid-1980s and was found to be reliable
in the visua diagnosis of gingivitis and for assessment of the
prevalence and severity of gingivitis without the use of any
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dental instruments (ie, thisindex can be used in ahome setting).
Thisindex focuses on the gingival unit, which includes 3 parts:
(2) the free gingiva, the part of the gums around the tooth not
attached to the tooth surface; (2) the attached gingiva, the firm
part of the gumsthat istightly attached to underlying tissues of
the tooth; and (3) the alveolar mucosa, the soft tissue between
the lips and the gums. The index has a scale from 0 to 4, which
describes the relative status of the gums as follows: O=absence
of inflammation; 1=mild inflammation—slight changein color,
and small area of altered texture but not the entire marginal or
papillary gingival unit; 2=mild inflammation—as above but
involving the entire marginal or papillary gingiva unit;
3=moderate inflammation—glazing, redness, edema, and/or
hypertrophy of the marginal gingival unit; and 4=severe
inflammati on—marked redness, edema and/or hypertrophy of
the marginal or papillary gingival unit, spontaneous bleeding,
congestion, or ulceration.

After registration, the user wastransferred to the part of the app
where the photos of the gums are taken. Upon submission of
the photograph, the researcher (AS) received an SMS text
message, “User (number) submitted a photograph.” The user
received an SMS text message, “The photograph was

Tobias & Spanier

submitted,” with the submission date and the number of
remaining submissions required. Participants received a
comprehensive dental kit: toothpaste, toothbrush, mouthwash,
dental floss, and toothpicks. In addition, the participantsreceived
a reusable mouth opener. The participants were taught how to
use the app and take photos of their own gums while using the
mouth opener. In addition, participants were instructed to
photograph their gums during the day in front of amirror using
white lighting with awhite wall in the background. After each
photo submission, the participants received the following
message “we recommended that you read the information in
the app regarding oral hygiene habits”

All tutorials and instructions were performed by a single
researcher (GT) who was blinded to the treatment group and
who examined the images and scored them according to the
MGI index; the results were not reported to the participants.
Figure 1 summarizes the process.

Interactions with the participants were via text messages from
within the app. There was only 1 training session, and
participants who asked questions were referred to the training
documents in the app.

Figure 1. Interaction between participant (patient), app admin (researcher, dentist), and data storage server (Firebase).

Patient

Data storage ser\

Image analysis

Inclusion Criteria

Theinclusion criteriafor participantsincluded 3 points: (1) over
the age of 18 years, (2) could read and understand Hebrew, and
(3) in possession of a smartphone with an Android operating
system

TheiGAM app is currently available on the Google Play Store
in Hebrew. The app’s devel opment was described in arecently
published article.

https://mhealth.jmir.org/2021/9/e24955

iGAM features

TheiGAM mHealth app has 3 components: (1) aself-completion
guestionnaire that deals with knowledge and attitudes toward
oral hygiene habits; (2) text accompanied by illustrations
regarding brushing techniques as well as short articles about
theimportance of maintaining oral health in general and during
pregnancy, the implications of smoking on gum health, and the
connection between gum diseases and general health; and (3)
the ability to photograph one's own gums using the rear camera
of the smartphone. The first volunteer was allocated to the
intervention group, the second volunteer to the wait-list control
group, and so on.
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Statistical M ethods

Baseline characteristics are presented as mean and SD for
continuous variables and as frequencies and percentages for
categorical variables. Specific statistical testsare detailed inthe
results section. The data were analyzed with SPSS statistics
software version 27.0 (IBM Corporation), and significance
levels were set at a P value of .05.

Results

Demographic and Descriptive Statistics

In total, 175 candidates responded to the recruitment
advertisement. The study included 160 participants who met

Figure 2. Distribution of study participants.

/
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the inclusion criteria and were divided into 2 equal groups.
Participantsin theintervention group took weekly photographs
of their gums for 8 weeks. Those in the wait-list control group
were asked to photograph their gums at 2 time points: at the
beginning of the study and 8 weekslater. Inall, 126 participants
successfully completed the tasks: 75 (59.5%) from the
intervention group and 51 (40.5%) from the wait-list control
group. Figure 2 showsthe distribution of the study participants.
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Lost to follow-up
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The agerange of theintervention group was 19to 65 yearswith
an average of 26.77 (SD 7.43), while that in wait-list control
group was from 20 to 66 years with an average of 28.53 (SD
10.44).

In the comparison of the intervention group and the wait-list
control group, the majority were male (intervention group:
56/75, 74.7%; wait-list control group: 34/51, 66.7%), native to
Isradl (intervention group: 73/75, 97.3%; wait-list control group:
50/51, 98%), and Jewish (intervention group: 75/75, 100%;
wait-list control group: 49/51, 96.1%); the common term
regarding the level of religiosity in both groups was “secular”

https://mhealth.jmir.org/2021/9/e24955
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(intervention group: 21/75, 28%; wait-list control group: 15/51,
29.4%). In addition, the most common valuein terms of marital
statuswas“single” (intervention group: 38/75, 50.7%; wait-list
control group: 24/51, 47.1%). The mgjority of the participants
in the wait-list control group were employees (24/51, 47.1%),
while in intervention group, the most common term from an
occupational point of view was*“ student” (31/75, 41.3%). Most
of the study population did not smoke (intervention group:
56/75, 74.7%; wait-list control group: 40/51, 78.4%) and did
not take any medications (intervention group: 64/75, 85.3%;
wait-list control group: 40/51, 78.4%; see Table 1).

JMIR Mhealth Uhealth 2021 | vol. 9| iss. 9| €24955 | p. 4
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Table 1. Characteristics of the study population.

Tobias & Spanier

Sociodemographic characteristics

Intervention group, n (%) (N=75)

Wait-list control group, n (%) (N=51)

Gender
Male 56 (75)
Female 19 (25)
Country of Birth
Israel 73(97)
Other 2(3)
Nationality
Jewish 75 (100)
Other 0/0 (0)
Religiosity
Secular 21 (28)
Traditional 14 (19)
Orthodox 15 (20)
Ultra-orthodox 17 (23)
Refused to answer 8(11)
Family Status
Married 27 (36)
Living with a partner 7(9)
Divorced 2(3)
Widow 1(1)
Single 38 (51)
Refused to answer 0/0 (0)
Occupation
Salaried employee 28 (37)
Self-employed 13(17)
Unemployed 2(3)
Student 31 (41)
Retiree 0(0)
Soldier 1(1)
Smoker
Yes 19 (25)
No 56 (75)
Taking medication
Yes 11 (15)
No 64 (85)

34(67)
17 (33)

50 (98)
1(2

49 (96)
2(4

15 (29)
10 (20)
10 (20)
7(14)
9(18)

14.(27)
6(12)
5(10)
12
24.(47)
1

24.(47)
7(14)
0(0)
19 (37)
1(2)
0(09)

11(22)
40 (78)

11(22)
40 (78)

Results of independent t tests showed no significant differences
between the intervention group (mean 1.75, SD 1.36) and the
wait-list control group (mean 2.09, SD 1.55) regarding gingivitis
at the start of the study (t;,,= —1.346; P=. 18). In contrast, there
were significantly lower gingivitis scores in the intervention
group (mean 1.16, SD 1.18) compared to the wait-list control

https://mhealth.jmir.org/2021/9/e24955
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group (mean 2.16, SD 1.49; ty; 035=—3.998; P<.001) after 8
weeks. The intervention group showed improvement, whereas
there was a decline in gingival health in the wait-list control
group although the changes in wait-list control group were not
statistically significant (Figure 3).
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Figure 3. Changesin MGI over the study period. MGI: Modified Gingival Index.
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Repeated measures analysis of the data showed a significant
effect in the intervention group (F;=6.672;, P<.001). A
statistically significant difference was found in the dependent
variable (MGI) in a linearly negative manner (F,,,=45.054;
P<.001); as time passed, the gum condition improved (Figure
3). Of those starting with an MGI=0, 90% (19/21) finished with
an MGI=0. Of those starting with an MGI=4, 73% (8/11)
finished with an MGI=4 at week 8, and the remaining 27%

e Group 1

e Group2

Week 8

improved (3/11). Of those starting at an MGI=1, 61% (14/23)
finished with an MGI=1, 13% (3/23) with an MGI=2 (ie, worse
results), and 26% with an MGI=0 (6/23). Of those starting with
an MGI=2, 27% (3/11) remained at an MGI=2 at the end of the
study and 64% (7/11) improved (MGI=1: 6/11, 55%; MGI=0:
1/11, 9%). Of those starting with an MGI=3, 44% (4/9) remained
at MGI=3, and 56% (5/9) improved (MGI=2: 3/9, 33%; MGI=1:
2/9, 22%; see Figure 4).

Figure4. Distribution of MGI scores at the beginning (x-axis) and percentages at the end (y-axis). MGI: Modified Gingival Index.
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Spearman correlation coefficient showed a statistically
significant positive association between MGI score and latest
visit to the dentist (Spearman correlation coefficient=186;
P=.04). When thelatest visit to the dentist was more recent, the
chance of lower MGI was higher. An independent samples t
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test revealed that participants who visited the dentist within the
year (mean 0.23, SD 0.76) had significantly less savere gingivitis
than did those who had visited more than a year prior (mean
0.46, SD 0.79; t1,4=—1.669; P=.049; see Figure 5).
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Figure5. MGI score and timing of last dental visit. MGI: Modified Gingival |ndex.

3.5

2.5

1.5

0.5

MGI score

Most participants brushed their teeth twice a day, with 76%
(57/75) in the intervention group and 72.5% (37/51) in the
wait-list control group answering correctly regarding
recommended brushing frequency (intervention group: 66/75,
86.7%; wait-list control group: 46/51, 90.2%). Most reported
they rarely used floss (intervention group: 53/75, 70.7%;
wait-list control group 43/51, 66.7%) or mouthwash
(intervention group: 44/74, 58.7%; wait-list control group 25/51,
49%). The most common value in terms of visits to the dentist
inthewait-list control group was“inthelast six months’ (22/51,
43.1%), whereas in the intervention group, the most common
valueswere “ between six monthsand ayear” (24/75, 32%) and
“over two years’ (24/75, 32%). Most participants knew that the

https://mhealth.jmir.org/2021/9/e24955
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W Visit within the last year

M Visit over a year ago

recommended frequency dental visits are “every six months”
(intervention group: 43/75, 57; wait-list control group: 39/51,
76.5%). The most common reason for the visit was“ treatment”
(intervention group: 37/75, 49.3%; wait-list control group:
15/51, 29.4%). In the intervention group, the most common
valueintermsof alast visit to the dental hygienist was*between
one and two years’ (23/75, 30.7%), and in the wait-list control
group the most common value was “in the last six months’
(20/51, 39.2%). Interestingly, most of the participants knew
that the recommended frequency of visits to the hygienist is
“every six months” (intervention group: 41/75, 54.7%; wait-list
control group: 35/51, 68.6%; see Table 2 for details).
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Table 2. Ord health knowledge and habits.

Question Intervention control group, n (%) (N=75)  Wait-list control group, n (%) (N=51)

How often do you brush your teeth?

Once aday 17 (22.7) 12 (23.5)
Twice aday (76) 57 37 (72.5)
More than twice a day 0(0) 0(0)
Rarely/irregularly 1(1.3) 2(3.9)
Asfar asyou know, what isthe recommended frequency for daily brushing?

1 8(10.7) 4(7.8)

2 65 (86.7) 46 (90.2)
More than 2 1(1.3) 0(0)

Do not know 1(13) 1(2)

How often do you floss?

Once aday 9(12) 7(13.7)
Twice aday 3(4) 0(0)
Two to three times a week 6 (8) 4(7.8)
Once aweek 1(1.3) 4(7.8)
Two to three times a month 0(0) 1(2
Rarely/irregularly 53 (70.7) 34 (66.7)
Never 3(4) 1(2)

How often do you use mouthwash?

Once aday 7(9.3) 5(9.8)
Two to three times a week 2(2.7) 3(5.9)
Once aweek 1(13) 3(5.9)
Two to three times a month 4(5.3) 4(7.8)
Rarely/irregularly 44 (58.7) 25 (49.0)
Never 17 (22.7) 11 (21.6)
When wasthelast timeyou visited the dentist?
In the last six months 19 (25.3) 22 (43.1)
Between six months and a year 24 (32) 12 (23.5)
Between one and two years 7(9.3) 10 (19.6)
Over two years 24.(32) 6 (11.8)
Never 1(1.3) 1(2)
What was the reason for visiting the dental clinic?
Routine dental examination 11(14.6) 10 (19.6)
Treatment by a hygienist 11(14.6) 10 (19.6)
Treatment such as restoration, tooth extraction,and 37 (49.3) 15 (29.4)
root canal treatment
Treatment such as bridge, dentures, orthodontics, and 12 (16) 13(25.5)
dental implants
Gingival treatment 2(2.7) 3(5.9)
Treatment after an accident or fall 2(2.7) 0(0)

What isthe recommended frequency of dental visits?

Every six months 43 (57.3) 39 (76.5)
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Question Intervention control group, n (%) (N=75)  Wait-list control group, n (%) (N=51)
Every year 23(30.7) 10 (19.6)
Every two years 4(5.3) 0(0)
Do not know 5(6.7) 2(3.9)
When wasthelast time you visited a hygienist?
In the last six months 17 (22.7) 20(39.2)
Between six months and a year 17 (22.7) 9(17.6)
Between one and two years 23(30.7) 8(15.7)
Over two years 12 (16) 13 (25.5)
| have never visited 6 (8) 1(2
What isthe recommended frequency of visiting the hygienist?
Every six months 41 (54.7) 35 (68.6)
Every year 22 (29.3) 12 (23.5)
Every two years 5(6.7) 2(3.9)
Do not know 7(9.3) 2(3.9)
Discussion researcher does not provide any feedback have shown that the

This novel observational study used an mHealth app (iGAM)
to examine whether dental selfies reduce gingivitis as
determined by the MGI score and investigated the interval
between photograph submissions needed to enable an
improvement.

COVID-19 has spread rapidly acrosstheworld since December
2019, and, in order to reduce infection, socia distancing has
been recommended [19,20]. Since peoplerarely go to the dentist
if they are asymptomatic [21], we assumed that gingivitis will
be neglected and worsen, highlighting a need for remote
monitoring in dentistry. mHealth apps are technological tools
that can remotely maintain patient care. Indeed, during the
COVID-19 period, the number of mHealth apps available and
the number of users have increased [22-24].

This observationa study demonstrated that a dental mHealth
app iIGAM can reduce gingivitis. At the beginning of the study,
all participants filled in a questionnaire regarding oral hygiene
habits and knowledge of oral health maintenance
recommendations. Most of the participants were in their third
decade of life, men, secular, single, employees and students,
healthy, and nonsmokers. These characteristics are consistent
with other studies on the use of mobile medical apps [25-28].

We found that the participants with more recent dental visits
had significantly better gum health and found that weekly use
of the app not only raised awareness of gum health but actually
led to its improvement. Studies have shown that the more
medical awareness a person has, the greater tendency to use
mHealth apps [29-31].

Those taking weekly pictures had reduced gingivitis scores,
whereas the other group showed no improvements, and their
gum condition dightly deteriorated (the decline in the second
group was not datistically significant). Similarly, other
observational studies using mHealth apps in which the

https://mhealth.jmir.org/2021/9/e24955

apps improve health (eg, reducing asthma attacks) [32-34].

We found a significantly positive correlation between the gum
condition at the beginning of the study and at the end of the
study in participantswith excellent (MGI=0) or terrible (MGI=4)
gums. For the remai ning partici pantswith scores not at the limits
of the index, gingival health improved (ie, MGI scores were
lower). There are several possible reasons for these interesting
and unique findings.

First, regarding the limits of the MGI, we assume that for an
individual with optimal oral health (MGI=0) who knows how
to maintain their mouth, no improvement is possible, and
therefore they do not need to use the app. Conversely, an
individual with the worst score (MGI=4) is probably aware of
their poor condition because they have bleeding, swollen gums,
and frequent bad breath, and have done nothing about it, so an
app isunlikely to change their behavior.

Second, participants with MGI scores between 1 and 3
demonstrated a statistically significant improvement in gum
health. Studies have found that most of the popul ation has scores
in this range [35-37], with the occasional appearance of signs
of inflammation. Therefore, the app assisted in promoting and
maintaining gum health over time.

In the examination of knowledge and oral hygiene habits, no
association was found between knowledge and behavior.
Furthermore, although most participants were familiar with the
accepted guidelines for maintaining oral health, they only
performed some of them. Most of the participants said they
brush twice daily, but rarely use brushing aids. Furthermore,
the main reason for visiting the dentist was pain, even though
most participants knew that the recommendation isto go to the
dentist twice ayear for an examination.

More participants in the wait-list control group failed to
complete the requirements of the study, even though they had
less to do, as they took 2 photographs compared to 8. It seems
that having to perform a task every 8 weeks was more
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challenging than doing so each week. It cannot be argued that
participants forgot the date of the photo, as the app sent
remindersto each participant on the day they needed to takethe
photograph. Studies have found that appswith regular activities
are more likely to be used [38].

Our study was limited in 7 main aspects. (1) A causa
relationship cannot be established from an observational study;
however, many investigations on mHealth apps use this
methodology, and predict clinical values from their outcomes.
(2) Weonly enrolled participants fluent in Hebrew, which might
have increased the risk for selection bias. The app should be
translated into the other official languages of Isragl (ie, English
and Arabic) in order to gather dataand make more generalizable
findings. (3) Only Android users were enrolled, which might
have increased the risk for socioeconomic bias. For example, a
survey [39] among 139,000 US smartphone users showed that
Android users have less education than do iPhone users. (4)
The advertisement for the study clearly invited participants aged
18 years and above, yet the mean age of the study participant
was ~27; this possible selection bias might have been due to
the advertisements being posted in academic institutions and
university hospitals. A larger-scale study with participantsfrom
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different age groups would yield more generalizable findings.
(5) The 8-week time period for self-monitoring was selected
for 2 reasons: gingivitis heals within 10 to 14 days with proper
oral hygiene, so improvement ismoreimmediately evident; and
most studies on gingivitis are for this period, and thus alonger
study might have showed more significant differences between
the groups. (6) The questionnaire used was developed
exclusively for this study, which limits comparison with
questionnaires with established validity. (7) The high dropout
rates, especially in the wait-list control group, should not be
taken for granted. The impact of the high dropout rate,
particularly of the wait-list control group, on the results needs
further investigation using qualitative research methods to
understand the acceptance and usability of the iGAM mHealth
app among the dropouts and those completing the study. We
will publish this datain the third paper in this series.

This observational study found that a dental selfie taken once
a week using an mHealth app (iGAM) reduces the signs of
gingivitis and promotes oral health. In this period of the
COVID-19 pandemic where social distancing recommendations
may be causing people to avoid denta clinics, this app can
remotely promote gum health.

Authors TG and ABS were involved in the development of iGAM app.

References

1. Archived: WHO timeline - COVID-19. World Health Organization. URL: https.//www.who.int/news-room/detail/

27-04-2020-who-timeline---covid-19 [accessed 2020-09-01]

2. Harred SK, Moalinari J. Aerosols and splatter in dentistry: abrief review of the literature and infection control implications.
JAmM Dent Assoc 2004 Apr;135(4):429-437 [FREE Full text] [doi: 10.14219/jada.archive.2004.0207] [Medline: 15127864]

3. Bratthall D, Petersen P, Stjernswérd J. Oral and craniofacial diseases and disorders. In: Jamison DT, Breman JG, Measham
AR, editors. Disease Control Priorities in Developing Countries. 2nd edition. Washington (DC): The International Bank
for Reconstruction and Development / The World Bank; 2006.

4.  SewitzRH, Ismail Al, PittsNB. Dental caries. Lancet 2007 Jan 06;369(9555):51-59. [doi: 10.1016/S0140-6736(07)60031-2]
[Medline: 17208642]

5. PageRC. Gingivitis. J Clin Periodontol 1986 May;13(5):345-359. [doi: 10.1111/j.1600-051x.1986.tb01471.x] [Medline:
3522644]

6. HomJM, LeeJy, Silverman J, Casamassimo PS. State Medicaid early and periodic screening, diagnosis, and treatment
guidelines: adherenceto professionally recommended best oral health practices. JAm Dent Assoc 2013 Mar;144(3):297-305
[FREE Full text] [doi: 10.14219/jada.archive.2013.0117] [Medline: 23449906]

7. Karibe H, Koeda M, Aoyagi-Naka K, Kato Y, Tateno A, Suzuki H, et al. Differencesin the perception of dental sounds: a
preliminary study. Patient Prefer Adherence 2019;13:1051-1056 [FREE Full text] [doi: 10.2147/PPA.S204465] [Medline:
31308637]

8.  PohjolaV, Rekola A, Kunttu K, Virtanen JI. Association between dental fear and oral health habits and treatment need
among University studentsin Finland: a national study. BMC Oral Health 2016 Mar 27;16:26 [FREE Full text] [doi:
10.1186/s12903-016-0179-y] [Medline: 26922793]

9. Armfield M, Slade GD, Spencer AJ. Dental fear and adult oral health in Australia. Community Dent Oral Epidemiol 2009
Jun;37(3):220-230. [doi: 10.1111/].1600-0528.2009.00468.x] [Medline: 19508270]

10. Eysenbach G. What is e-health? J Med Internet Res 2001 Jun;3(2):E20. [doi: 10.2196/jmir.3.2.e20] [Medline: 11720962]

11. SilvaBMC, Rodrigues JJPC, de LTDI, Lopez-Coronado M, Saleem K. Mobile-health: A review of current state in 2015.
JBiomed Inform 2015 Aug;56:265-272. [doi: 10.1016/j.jbi.2015.06.003] [Medline: 26071682]

12.  mHealth. New horizons through mobile technologies. World Health Organization. URL: https.//www.who.int/goe/
publications/goe_mhealth_web.pdf [accessed 2020-09-01]

13.  Number of mHealth apps availablein the Apple App Storefrom 1st quarter 2015 to 1st quarter 2021. Statista. URL: https:/
/www.stati sta.com/statistics/779910/heal th-apps-avail abl e-ios-worldwide/ [accessed 2020-08-15]

14.

https://mhealth.jmir.org/2021/9/e24955

Number of mHealth appsavailablein the Google Play Storefrom 1st quarter 2015 to 1st quarter 2021. Statista. URL: https:/
Iwww.stati sta.com/statistics/779919/heal th-apps-avail abl e-googl e-play-worl dwide/ [accessed 2020-08-15]

JMIR Mhealth Uhealth 2021 | vol. 9| iss. 9 | €24955 | p. 10
(page number not for citation purposes)


https://www.who.int/news-room/detail/27-04-2020-who-timeline---covid-19
https://www.who.int/news-room/detail/27-04-2020-who-timeline---covid-19
http://europepmc.org/abstract/MED/15127864
http://dx.doi.org/10.14219/jada.archive.2004.0207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15127864&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(07)60031-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17208642&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-051x.1986.tb01471.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3522644&dopt=Abstract
http://europepmc.org/abstract/MED/23449906
http://dx.doi.org/10.14219/jada.archive.2013.0117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23449906&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S204465
http://dx.doi.org/10.2147/PPA.S204465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31308637&dopt=Abstract
https://bmcoralhealth.biomedcentral.com/articles/10.1186/s12903-016-0179-y
http://dx.doi.org/10.1186/s12903-016-0179-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26922793&dopt=Abstract
http://dx.doi.org/10.1111/j.1600-0528.2009.00468.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19508270&dopt=Abstract
http://dx.doi.org/10.2196/jmir.3.2.e20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11720962&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2015.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071682&dopt=Abstract
https://www.who.int/goe/publications/goe_mhealth_web.pdf
https://www.who.int/goe/publications/goe_mhealth_web.pdf
https://www.statista.com/statistics/779910/health-apps-available-ios-worldwide/
https://www.statista.com/statistics/779910/health-apps-available-ios-worldwide/
https://www.statista.com/statistics/779919/health-apps-available-google-play-worldwide/
https://www.statista.com/statistics/779919/health-apps-available-google-play-worldwide/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Tobias & Spanier

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

Tobias G, Spanier AB. Developing a mobile app (iGAM) to promote gingival health by professional monitoring of dental
selfies: user-centered design approach. IMIR Mhealth Uhealth 2020 Aug 14;8(8):€19433 [FREE Full text] [doi:
10.2196/19433] [Medline: 32795985]

Giudice A, Barone S, MuracaD, AvertaF, Diodati F, Antonelli A, et al. Can teledentistry improve the monitoring of patients
during the Covid-19 dissemination? A descriptive pilot study. Int J Environ Res Public Health 2020 May 13;17(10):1-9
[EREE Full text] [doi: 10.3390/ijerph17103399] [Medline: 32414126]

Ghai S. Teledentistry during COVID-19 pandemic. Diabetes Metab Syndr 2020;14(5):933-935 [FREE Full text] [doi:
10.1016/.dsx.2020.06.029] [Medline: 32593116]

Lobene RR, Weatherford T, Ross NM, Lamm RA, Menaker L. A modified gingival index for usein clinical trials. Clin
Prev Dent 1986;8(1):3-6. [Medline: 3485495]

Lewnard JA, Lo NC. Scientific and ethical basis for social-distancing interventions against COVID-19. Lancet Infect Dis
2020 Jun;20(6):631-633 [FREE Full text] [doi: 10.1016/S1473-3099(20)30190-0] [Medline: 32213329]

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ, COVID-19 Systematic Urgent Review Group Effort
(SURGE) study authors. Physical distancing, face masks, and eye protection to prevent person-to-person transmission of
SARS-CoV-2 and COVID-19: a systematic review and meta-analysis. Lancet 2020 Jun 01:1973-1987 [FREE Full text]
[doi: 10.1016/S0140-6736(20)31142-9] [Medline: 32497510]

Shahrabani S. Factors affecting oral examinations and dental treatments among older adultsin Israel. Isr J Health Policy
Res 2019 May 10;8(1):43-52 [FREE Full text] [doi: 10.1186/s13584-019-0312-x] [Medline: 31077257]

Ohannessian R, Duong TA, Odone A. Global telemedicine implementation and integration within health systems to fight
the COVID-19 pandemic: acall to action. IMIR Public Health Surveill 2020 Apr 02;6(2):€18810-€18810 [FREE Full text]
[doi: 10.2196/18810] [Medline: 32238336]

Bokolo Anthony Jnr. Use of telemedicine and virtual care for remote treatment in response to the COVID-19 pandemic. J
Med Syst 2020 Jun 15;44(7):132-141 [FREE Full text] [doi: 10.1007/s10916-020-01596-5] [Medline: 32542571]

Wosik J, Fudim M, Cameron B, Gellad ZF, Cho A, Phinney D, et a. Telehealth transformation: COVID-19 and therise
of virtual care. JAm Med Inform Assoc 2020 Apr 20:957-962 [FREE Full text] [doi: 10.1093/jamia/ocaal67] [Medline:
32311034]

Hung M, Jen W. The adoption of maobile health management services: an empirical study. JMed Syst 2012
Jun;36(3):1381-1388. [doi: 10.1007/s10916-010-9600-2] [Medline: 20878452]

Zhang X, Guo X, Lai K, GuoF, Li C. Understanding gender differencesin m-health adoption: amodified theory of reasoned
action model. Telemed J E Health 2014 Jan;20(1):39-46. [doi: 10.1089/tm].2013.0092] [Medline: 24161004]

Bhuyan SS, LuN, Chandak A, KimH, Wyant D, Bhatt J, et al. Use of mobile health applicationsfor health-seeking behavior
among US adults. JMed Syst 2016 Jun;40(6):153. [doi: 10.1007/s10916-016-0492-7] [Medline: 27147516]

Krebs P, Duncan DT. Health app use among US mobile phone owners: a national survey. IMIR Mhealth Uhealth 2015
Nov 04;3(4):€101 [FREE Full text] [doi: 10.2196/mhealth.4924] [Medline: 26537656]

Rai A, ChenL, PyeJ, Baird A. Understanding determinants of consumer mobile health usage intentions, assimilation, and
channel preferences. JMed Internet Res 2013 Aug 02;15(8):e149 [FREE Full text] [doi: 10.2196/jmir.2635] [Medline:
23912839

Symul L, Wac K, Hillard P, Salathé M. Assessment of menstrual health status and evolution through mobile appsfor fertility
awareness. NPJ Digit Med 2019;2:64 [FREE Full text] [doi: 10.1038/s41746-019-0139-4] [Medline: 31341953]
Australian Research Centre for Population Oral Health, The University of Adelaide, South Australia. Periodontal diseases
in the Australian adult population. Aust Dent J 2009 Dec;54(4):390-393 [FREE Full text] [doi:
10.1111/j.1834-7819.2009.01167.x] [Medline: 20415940]

Jake-Schoffman DE, Silfee VJ, Waring ME, Boudreaux ED, Sadasivam RS, Mullen SP, et al. Methods for evaluating the
content, usability, and efficacy of commercial mobile health apps. IMIR Mhealth Uhealth 2017 Dec 18;5(12):€190 [FREE
Full text] [doi: 10.2196/mhealth.8758] [Medline: 29254914]

Harada N, Harada S, Ito J, Atsuta R, Hori S, Takahashi K. Mabile health app for Japanese adult patients with asthma:
clinical observational study. JMed Internet Res 2020 Aug 14;22(8):€19006 [ FREE Full text] [doi: 10.2196/19006] [Medline:
32795993]

Chan Y, Wang P, Rogers L, Tignor N, Zweig M, Hershman SG, et a. The Asthma Mobile Health Study, alarge-scale
clinical observational study using ResearchKit. Nat Biotechnol 2017 Mar 13:354-362 [ FREE Full text] [doi: 10.1038/nbt.3826]
[Medline: 28288104]

Carvagja P, Gbmez M, Gomes S, Costa R, Toledo A, SolanesF, et a. Prevalence, severity, and risk indicators of gingival
inflammation in a multi-center study on South American adults: a cross sectional study. JAppl Oral Sci 2016
Oct;24(5):524-534 [FREE Full text] [doi: 10.1590/1678-775720160178] [Medline: 27812624]

Elias-Boneta AR, Encarnacion A, Rivas-Tumanyan S, Berrios-Ouslan BC, Garcia-Godoy B, Murillo M, et a. Prevalence
of gingivitisin agroup of 35- to 70-year-oldsresiding in Puerto Rico. P R Health Sci J 2017 Sep;36(3):140-145. [Medline:
28915302]

https://mheslth.jmir.org/2021/9/e24955 JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 9 | e24955 | p. 11

(page number not for citation purposes)


https://mhealth.jmir.org/2020/8/e19433/
http://dx.doi.org/10.2196/19433
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32795985&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17103399
http://dx.doi.org/10.3390/ijerph17103399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32414126&dopt=Abstract
http://europepmc.org/abstract/MED/32593116
http://dx.doi.org/10.1016/j.dsx.2020.06.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32593116&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3485495&dopt=Abstract
http://europepmc.org/abstract/MED/32213329
http://dx.doi.org/10.1016/S1473-3099(20)30190-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32213329&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)31142-9
http://dx.doi.org/10.1016/S0140-6736(20)31142-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32497510&dopt=Abstract
https://ijhpr.biomedcentral.com/articles/10.1186/s13584-019-0312-x
http://dx.doi.org/10.1186/s13584-019-0312-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31077257&dopt=Abstract
https://publichealth.jmir.org/2020/2/e18810/
http://dx.doi.org/10.2196/18810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32238336&dopt=Abstract
http://europepmc.org/abstract/MED/32542571
http://dx.doi.org/10.1007/s10916-020-01596-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32542571&dopt=Abstract
http://europepmc.org/abstract/MED/32311034
http://dx.doi.org/10.1093/jamia/ocaa067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311034&dopt=Abstract
http://dx.doi.org/10.1007/s10916-010-9600-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20878452&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2013.0092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161004&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0492-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27147516&dopt=Abstract
https://mhealth.jmir.org/2015/4/e101/
http://dx.doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26537656&dopt=Abstract
http://www.jmir.org/2013/8/e149/
http://dx.doi.org/10.2196/jmir.2635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23912839&dopt=Abstract
https://doi.org/10.1038/s41746-019-0139-4
http://dx.doi.org/10.1038/s41746-019-0139-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31341953&dopt=Abstract
https://doi.org/10.1111/j.1834-7819.2009.01167.x
http://dx.doi.org/10.1111/j.1834-7819.2009.01167.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20415940&dopt=Abstract
http://mhealth.jmir.org/2017/12/e190/
http://mhealth.jmir.org/2017/12/e190/
http://dx.doi.org/10.2196/mhealth.8758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29254914&dopt=Abstract
https://www.jmir.org/2020/8/e19006/
http://dx.doi.org/10.2196/19006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32795993&dopt=Abstract
http://doi.org/10.1038/nbt.3826
http://dx.doi.org/10.1038/nbt.3826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28288104&dopt=Abstract
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1678-77572016000500524&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.1590/1678-775720160178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27812624&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28915302&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Tobias & Spanier

37. Funieru C, Klinger A, Bdicu C, Funieru E, Dumitriu HT, Dumitriu A. Epidemiology of gingivitisin schoolchildrenin
Bucharest, Romania: across-sectional study. J Periodontal Res 2017 Apr;52(2):225-232. [doi: 10.1111/jre.12385] [Medline:
27093564]

38. RobhinsR, Krebs P, Jagannathan R, Jean-Louis G, Duncan DT. Health app use among us mobile phone users: anaysis of
trends by chronic disease status. IMIR Mhealth Uhealth 2017 Dec 19;5(12):e197 [FREE Full text] [doi:
10.2196/mhealth.7832] [Medline: 29258981]

39. Android userspoorer, shorter, unhealthier, lesseducated, far less charitable than AppleiPhone users. MacDailyNews. URL :
https.//macdailynews.com/2013/11/13/
android-users-poorer-shorter-unheal thi er-less-educated-far-less-charitabl e-than-appl e-i phone-users/ [accessed 2020-09-01]

Abbreviations

mHealth: mobile health
MGI: Modified Gingival Index

Edited by G Eysenbach, L Buis; submitted 12.10.20; peer-reviewed by G Capocasale, J Zhang; comments to author 03.11.20; revised
version received 28.11.20; accepted 02.08.21; published 16.09.21

Please cite as:

Tobias G, Spanier AB

Using an mHealth App (iGAM) to Reduce Gingivitis Remotely (Part 2): Prospective Observational Sudy
JMIR Mhealth Uhealth 2021;9(9): 24955

URL: https://mhealth.jmir.org/2021/9/624955

doi: 10.2196/24955

PMID: 34528897

©Guy Tobias, Assaf B Spanier. Originally published in IMIR mHealth and uHealth (https.//mhealth.jmir.org), 16.09.2021. 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 IMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
alink to the original publication on https:.//mhealth.jmir.org/, aswell as this copyright and license information must be included.

https://mhealth.jmir.org/2021/9/e24955 IMIR Mhealth Uhealth 2021 | vol. 9 | iss. 9 | €24955 | p. 12
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1111/jre.12385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27093564&dopt=Abstract
http://mhealth.jmir.org/2017/12/e197/
http://dx.doi.org/10.2196/mhealth.7832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29258981&dopt=Abstract
https://macdailynews.com/2013/11/13/android-users-poorer-shorter-unhealthier-less-educated-far-less-charitable-than-apple-iphone-users/
https://macdailynews.com/2013/11/13/android-users-poorer-shorter-unhealthier-less-educated-far-less-charitable-than-apple-iphone-users/
https://mhealth.jmir.org/2021/9/e24955
http://dx.doi.org/10.2196/24955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34528897&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

