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Abstract

Background: Postoperative care is influenced by various factors such as compliance, comprehension, retention of instructions,
and other unaccounted elements. It is imperative that patients adhere to the instructions and prescribed regimen for smooth and
placid healing. ExoDont, an Android-based mobile health app, was designed to ensure a smooth postoperative period for patients
after a dental extraction. Besides providing postoperative instructions at defined intervals, the app also sends drug reminders as
an added advantage over other available, conventional methods.

Objective: The aim of this study was to compare the compliance rate of individuals with respect to the prescribed regimen and
postoperative instructions. Additionally, we aimed to assess any changes in the postoperative complication rate of patients assigned
to 3 categories: the verbal, verbal plus written, and ExoDont app-based delivery groups.

Methods: We conducted a pilot, nonrandomized, and prospective comparative study in which patients after tooth extraction
were assigned to 3 groups—verbal (Group A), verbal plus written (Group B), and ExoDont app-based delivery (Group C)—based
on the eligibility criteria, and a 1-week follow-up was planned to obtain the responses regarding compliance and postoperative
complications from the participants.

Results: In total, 90 patients were recruited and equally divided into 3 groups. Compliance to prescribed drug was found to be
the highest in Group C, where of the 30 participants, 25 (83%) and 28 (93%) followed the entire course of antibiotics and analgesics,
respectively. For postoperative instructions, higher compliance was observed in Group C in relation to compliance to diet
restrictions (P=.001), not rinsing for 24 hours (P<.001), and warm saline rinses after 24 hours (P=.001). However, the difference
was not significant for smoking restrictions (P=.07) and avoiding alcohol (P=.16). Moreover, the difference in postoperative
complication rate was not statistically significant among the 3 groups (P=.31).

Conclusions: As evident from the results, it is anticipated that the ExoDont app will be helpful in circumventing the unaccounted
possibilities of missing the prescribed dosage and postoperative instructions and ensuring the smooth recovery of patients after
dental extraction. However, future studies are required to establish this app-based method of delivery of postoperative instructions
as a viable option in routine clinical practice.
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Introduction

Patient compliance plays an important role in the early and
efficient recovery process after dental extraction. It is defined
as the degree to which a patient adheres to the prescribed
medication, postoperative instructions, self-care, or any therapy
sessions given by the doctor. Moreover, the postoperative care
period depends on the ability of the patient to comprehend and
implement the guidelines as advised by the treating doctor to
minimize any surgery-related complications and associated
morbidity and improve the quality of life [1].

The lack of adherence to posttreatment guidelines is classified
as a major global problem by the World Health Organization
[2]. Studies have estimated that around 20%-50% of patients
do not take their medication appropriately [3,4]. The reason for
this noncompliance could be multifold, including language
barriers, low health literacy, inadequate surgeon-patient
communication, patient’s inability to concentrate on instructions
due to postoperative stress, emotional and psychological state,
and other involuntary reasons such as confusion or forgetfulness
[5,6]. This clearly demonstrates the need for a system or method
to foster adherence in patients and help reduce postoperative
complications due to noncompliant issues.

Multiple studies have focused on the methods of dissemination
of postoperative instructions after surgery and their influence
on the overall quality of treatment. The method of dissemination
plays a substantial role in determining the level of postoperative
stress and anxiety, pain, postoperative complications, and, most
importantly, compliance in patients [7,8]. These studies have
compared conventional verbal methods with verbal plus written
methods [9], phone-call follow-ups [10], and pictorial methods
[8] as viable options for the dissemination of postoperative
instructions. However, there is limited literature available for
the application of current technology in imparting postoperative
instructions after minor oral surgical procedures.

With the advent of the smartphone era and people turning toward
mobile apps to accomplish their daily goals, there has been a
tremendous growth in technology-based health care delivery
systems. In the field of oral surgery, there are multiple apps
available that improve access to health care, clinical
management, drug guidelines, education, and
telecommunication, etc. Smartphone apps such as iResus, BNF,
and Snellen are available for these purposes [11]. Based on
similar principles, the ExoDont app was developed to ensure
compliance in patients for prescribed drug regimen and
postoperative instructions dissemination. ExoDont is an
Android-based hybrid app aimed at fostering treatment
adherence in patients undergoing dental extractions. It is an
attempt toward making the public more self-reliant regarding
their prescribed medication dosage, frequency, and duration
with a personalized, easy-to-use, and innovative app-based

system that displays reminders at the appropriate times for taking
medication and illustrates postoperative instructions.

As the first part to the project, the development of the ExoDont
app, its feasibility, functionality, and preliminary field-testing
results were presented in a previous report [12]. As a second
part, this study described a detailed comparison of conventional
(verbal and verbal plus written) and ExoDont app-based methods
of postoperative instructions dissemination. The primary
objective of this study was to evaluate and compare patients’
compliance to the postoperative instructions and prescribed
drug regimen with respect to the 3 groups of dissemination
methods: verbal, verbal plus written, and app-based. As a
secondary objective, the complication rate after tooth extraction
was evaluated and compared for the 3 groups.

Methods

Study Design
This was a pilot, nonrandomized, and prospective comparative
study carried out in the outpatient department of oral and
maxillofacial surgery of a tertiary dental care institute. All study
participants were well-informed about the study, and written
informed consent was obtained. A sample size of 90 patients
was recruited, and the patients were assigned to 3 different
groups based on the methods of dissemination of postoperative
instructions as per the eligibility criteria. The first group, labeled
“Group A,” received only verbal instructions; the second group,
labeled “Group B,” received both verbal and written instructions
in the form of a pamphlet; and the third group, labeled “Group
C,” received ExoDont app-based postoperative instructions and
medication reminders.

Ethics Approval
This study was conducted at a tertiary dental care institute at
the Faculty of Dentistry, Jamia Millia Islamia, Delhi over a
period of 3 months. Ethical approval was obtained from the
Institutional Ethical Committee of the Faculty of Dentistry,
Jamia Millia Islamia, Delhi, under proposal number
2(1/10/291/JMI/IEC/2020). Informed consent was obtained
from the participants for being a part of the study.

Postoperative Instructions and Treatment Protocol
The postoperative treatment protocol was established,
comprising antibiotics and analgesics along with postextraction
instructions to be given to patients after tooth extraction. A list
of common postoperative instructions was formulated by
referring to previously existing data [1]. The same postextraction
instructions were then disseminated through the 3 methods: in
the form of verbal instructions to Group A patients; verbal as
well as written instructions through a well-designed pamphlet
in the 3 languages of English, Hindi, and Urdu (Figure 1) to
Group B patients; and through the ExoDont app to Group C
patients (Figure 2).
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Figure 1. Written postoperative instructions in the form of a pamphlet for Group B patients.
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Figure 2. ExoDont app-based postoperative instructions in the form of notifications for Group C patients.

Workflow of the ExoDont App
ExoDont is a notification-based Android app, which sends out
pop-ups reminding patients about their prescribed dosage of
medicine and the postoperative instructions to follow. The
ExoDont app has been described in detail in a previous study
[12].

The ExoDont app supports 2 platforms—1 for the surgeon and
administrative staff and 1 for the patient. The administrative
staff enters the patients’ details such as name, age, gender, time
and date of the procedure, and phone number on the ExoDont
webpage. Subsequently, the administrative staff has to choose
from the list of options the names of the antibiotics and

analgesics to be used, duration for each of these drugs, and
frequency for which the patient has to take the prescribed drug.
The options for the duration of the drug regimen are available
as short course (3 days), standard course (5 days), and long
course (7 days).

After the tooth extraction, patients have to download the app
on their smartphone from the Google Play Store. Patients receive
an introductory message as soon as they log on the app. This
message displays the demographic details of the patient and the
date and time of the procedure as entered by the administrative
staff. Based on the time of the procedure, patients would receive
scheduled reminders for postoperative instructions and
prescribed drug at defined intervals as shown in Table 1.

Table 1. Content of ExoDont notifications for postoperative instructions and drug reminders.

Message contentTime from procedure

1 hour • Remove the ice pack
• Eat something soft and cold such as ice cream
• Take the first dose of antibiotics and analgesics

8-12 hours (depending on the drug chosen by the administrative staff) • Take the second dose of antibiotics and analgesics
• Avoid hot and hard food
• Chew only on the opposite side

16-24 hours (depending on the drug chosen by the administrative staff) • Take the third dose of antibiotics and analgesics
• Start warm saline rinses 4-5 times daily
• Brush regularly
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Patient Inclusion and Exclusion Criteria
Adult patients (aged >18 years) undergoing routine tooth
extraction at the department of oral and maxillofacial surgery
were included in the study. Patients with psychological disorders
or mental conditions that created difficulties in language
comprehension and those with medical conditions that made
them prone to postoperative complications were not included
in the study. Additionally, patients who could not read the
instruction pamphlet (for Group B) and those who did not have
a smartphone (for Group C) were not included in either of the
2 groups; however, they were included in Group A. Recruitment
continued as per the eligibility criteria until the target of 30
participants for each group was reached.

Procedure
Simple intra-alveolar extraction was performed by the treating
surgeon in the outpatient department of oral and maxillofacial
surgery. After the extraction, patients were given a written
prescription for the drugs to be taken. Subsequently,
postoperative instructions were given to each patient verbally
by the surgeon. Patients in Group A received only verbal
instructions in 1 of the 3 languages—Hindi, Urdu, or
English—whichever they found convenient. The patients in
Group B received a pamphlet containing written postoperative
instructions, printed in all 3 languages—Hindi, Urdu, and
English—along with verbal instructions. Lastly, patients in
Group C were asked to download the free ExoDont app from
the Google Play Store on their smartphones, through which they
received reminders for postoperative instructions and drug
intake.

Data Collection
Each patient was called to the outpatient department of oral and
maxillofacial surgery for follow-up 1 week after the extraction,
and their responses to a group-specific feedback form were
obtained (Multimedia Appendix 1). The patients who could not
report after 1 week were followed up through a phone call. In
the group-specific feedback form that was administered by the
investigators, yes-or-no questions for each drug taken and
postoperative instruction followed were asked separately. The
criteria for compliance measurement were set at 100% of the
prescribed dosage and postoperative instructions followed by

the patients, since the course duration of 3 to 7 days was very
short. All the complications were reported directly by patients
during their follow-up and assessed by the treating surgeon
according to the standard criteria of evaluation.

Data Analysis
The analysis of data collected in response to the feedback form
was done using SPSS statistical package (version 10.0; IBM
Corp). Chi-square test was applied to compare the rates of
compliance and complication in the 3 groups. The level of
significance was set at P<.05.

Results

Participant Demographics
A total of 90 patients were recruited with 30 participants in each
group. The mean age of the patients who participated in the
study was 40.4 (range 25-56) years for Group A, 36.2 (range
21-52) years for Group B, and 34.3 (range 19-47) years for
Group C. Of the 90 patients who participated in the study, 53
(59%) were men and 37 (41%) were women. Among each group
of 30 patients, 18 (60%) men and 12 (40%) women were in
Group A; 19 (63%) men and 11 (37%) women were in Group
B; and 16 (53%) men and 14 (47%) women were in Group C.
The most common teeth to be extracted were mandibular molars,
followed by the maxillary molars.

Comparative Evaluation of Groups A (Verbal), B
(Verbal Plus Written), and C (App-Based)
The chi-square test revealed higher compliance rate in Group
C to antibiotics (P<.001), analgesics (P<.001), diet restrictions
(P=.001), not rinsing for 24 hours (P<.001), and warm saline
rinses after 24 hours (P=.001). However, no significant
differences were found among the 3 groups for postoperative
instructions relating to smoking restrictions (P=.07) and
avoiding alcohol (P=.16). A detailed analysis of the comparison
has been presented in Table 2. Some of the postoperative
complications observed in all 3 groups were bleeding, dry
socket, infection, and pain. A majority (82%, 74/90) of the
participants did not experience any complications. The
difference observed in the 3 groups for the rate of postoperative
complications was not significant (P=.31; Table 3).

Table 2. Comparison of compliance in Group A (verbal), Group B (verbal plus written), and Group C (app-based).

P valueGroup C (n=30), n (%)Group B (n=30), n (%)Group A (n=30), n (%)Compliance

<.00125 (83)13 (43)10 (33)Antibiotics

<.00128 (93)10 (33)13 (43)Analgesics

.00128 (93)15 (50)22 (73)Diet restrictions

<.00126 (87)20 (67)10 (33)Not rinsing for 24 hours

.0727 (90)25 (83)20 (67)Smoking restrictions

.1626 (87)20 (67)24 (80)Avoiding alcohol

.00123 (77)14 (47)8 (27)Warm saline rinses
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Table 3. Comparison of postoperative complications in Group A (verbal), Group B (verbal plus written), and Group C (app-based).

P valueGroup C (n=30), n (%)Group B (n=30), n (%)Group A (n=30), n (%)

.31Complications

1 (3)0 (0)2 (7)Bleeding

1 (3)5 (17)5 (17)Dry socket

0 (0)0 (0)1 (3)Infection

1 (3)0 (0)0 (0)Pain

27 (90)25 (83)22 (73)None

Intergroup Comparison
Comparison between Groups A and B revealed no significant
differences between the 2 groups in relation to the compliance
to antibiotics (P=.43) and analgesics (P=.43); adherence to
postoperative instructions such as compliance to diet restrictions
(P=.06), warm saline rinses (P=.11), smoking restrictions
(P=.14), and alcohol restrictions (P=.24); or the rate of
postoperative complications (P=.35). However, higher
compliance to not rinsing for 24 hours (P=.01) was observed
in Group B.

When compared to Group A, Group C had higher compliance
to antibiotics (P<.001) and analgesics (P<.001). Most
postoperative instructions such as diet restrictions (P=.04), not
rinsing for 24 hours (P<.001), warm saline rinses (P<.001), and
smoking restrictions (P=.03) also showed higher compliance
in the app-based group. However, the difference was not

significant for alcohol restrictions during the postoperative phase
(P=.49) and the rate of postoperative complications (P=.10).

Similarly, the comparison between the verbal plus written
(Group B) and app-based delivery (Group C) groups showed
significant differences for compliance to drug regimen
(antibiotics: P=.001; analgesics: P<.001) and postoperative
instructions such as compliance to diet restrictions (P<.001)
and warm saline rinses (P=.02). However, the differences were
not significant for compliance to not rinsing for 24 hours
(P=.07), smoking restrictions (P=.14), and alcohol restrictions
(P=.07) and the rate of postoperative complications (P=.71).

Feedback for the Written Instructions
According to the responses from patients in Group B, 23 (77%)
out of 30 participants found the pamphlet for written instructions
useful. Second, most (15/30, 50%) of the patients referred to
the pamphlet only once, followed by 0 times (9/30, 30%; Table
4).

Table 4. Feedback for the written instructions.

Patient (n=30), n (%)Question, response

Was the pamphlet with written instructions helpful?

23 (77)Yes

7 (23)No

How many times did you refer to the pamphlet during the week?

9 (30)0

15 (50)1

4 (13)2

1 (3)3

1 (3)>3

Feedback for the ExoDont App-Based Delivery of
Instructions
Based on the responses of Group C patients from the feedback
form, the ExoDont app was found useful by 83% (25/30) of the
patients. However, 13% (4/30) of the users found it inconvenient
due to the ExoDont app’s requirement of an active internet
connection throughout the duration of its use. Furthermore, a

small number of patients did not receive timely notifications
due to some technical issues that might have occurred during
the entry of data or an unstable internet connection (Table 5).
It was reported that the ExoDont app helped the most in
adherence to the drug regimen (70%, 21/30), followed by
postoperative instructions for diet restrictions (67%, 20/30) and
warm saline rinses (63%, 19/30; Table 5).
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Table 5. Feedback for the ExoDont app-based delivery of instructions.

Patient (n=30), n (%)Question, response

Did you find the ExoDont app useful?

25 (83)Yes

5 (17)No

Did the ExoDont app cause any inconvenience?

4 (13)Yes

26 (87)No

Which of the following instructions did the app help you with?

21 (70)Taking medication

20 (67)Ice pack and semisolid diet in the first 24 hours

19 (63)Warm saline rinses

16 (53)Avoiding smoking and alcohol

Discussion

Principal Findings
In this study, Group A patients were found the least compliant
for their prescribed dosage of antibiotics, whereas Group C
showed a higher rate of compliance than the other groups
(P<.001). Additionally, a higher compliance rate for the
analgesics prescription (P<.001) was observed in Group C. A
similar trend was observed in adherence to postoperative
instructions. Intergroup comparison also produced results in
favor of the app-based delivery system, followed by the verbal
plus written method of dissemination of postoperative
instructions. The ExoDont app-based system was able to
accomplish its goal of improving patient compliance after a
dental extraction. Although the compliance rates in Group C
toward drugs and postoperative instructions were found to be
higher, the app did not seem to have any prominent effect on
the reduction of complication rates. This can be attributed to
the fact that the complications following dental extraction
depend on a number of variables—alteration of any or none of
which may have an impact on the occurrence of complications.
These factors include the technique used by the surgeon, patient
characteristics, severity of trauma to the tissue, any underlying
health conditions, and the number and type of teeth extracted
[13].

Verbal postoperative instructions given to patients are a part of
routine postoperative care. However, compliance to this
conventional method varies. Blinder et al [9] studied patient
compliance to postoperative instructions after oral surgical
procedures in 3 groups—verbal, written, and verbal plus written
instructions—where the highest compliance (60%) was observed
in the verbal plus written group, followed by 36% in the written
group and only 4% in the verbal group. This can be attributed
to the patient’s mental capacity to retain information, which is
different for every patient. In this study, of the 30 participants
in Group B, 9 (30%) did not refer to the written instructions
through a pamphlet at all, and 15 (50%) only referred to them
once, which signifies patient unacceptability toward written
medical information. A previous study by Alvira-González et
al [1] hypothesized that patients would remember information

if the mechanism behind it were explained to them. Therefore,
additional written information was given to the third group in
addition to the verbal and written methods. However, no major
difference in the adherence to postoperative instructions was
found regarding the manner of the presentation of instructions
in this study. This again raises concerns about the practicality
of presenting written information as postoperative instructions
to patients. Other elements such as phone call follow-ups [10]
and visual graphics [8] have also been used for disseminating
postoperative instructions, which achieved better results than
conventional verbal and written practices.

Multiple studies have discussed the importance of the delivery
method of postoperative instructions in the postoperative care
of patients [1,8-10]. The importance of postoperative instructions
cannot be overemphasized in the adequate healing of the socket
and soft tissues after dental extraction. Failure to adhere to
postoperative instructions and medication prescription may lead
to delayed healing and increased risk of postoperative
complications, adding to physical and emotional stress and
increasing monetary expenditure to patients. Some of the
commonly observed postextraction complications are dry socket
or alveolar osteitis, which can cause considerable pain to an
individual; postoperative infection at the site of surgery;
postextraction hemorrhages; and paresthesia [1]. A positive
correlation between the occurrence of alveolar osteitis and lack
of compliance toward instructions such as using mouthwash or
refraining from smoking has been established previously [14].

The field of perioperative management has seen huge
technological advancements in recent times, advocating the use
of smartphone apps to ensure a stress-free and easy recovery of
the patient. In this regard, some of the apps available are “Teen
Pocket PATH” [15] for medication adherence, “Panda” app
[16] for postoperative pain management, and “Buddy
Healthcare” [17]—a broad platform that provides preoperative
assessment; reminders for patients as to when to stop eating and
drinking and start taking medications; instructions for
physiotherapy exercises; wound care instructions; a list of
medications after surgery; and monitoring of recovery progress
after surgery by care personnel. Other mobile apps being used
for medication adherence are “RxmindMe” [18], which informs

JMIR Perioper Med 2022 | vol. 5 | iss. 1 | e35997 | p. 7https://periop.jmir.org/2022/1/e35997
(page number not for citation purposes)

Sybil et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

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


patients when the dose is due and additionally has a provision
for recording when the dose was taken; and “SmartTrack” [19],
which sends alerts if patients miss a dose for inhaler devices.
The ExoDont app differs from these available systems in that
it delivers specific postoperative instructions designed for
patients undergoing dental extraction and drug reminders for
medication adherence. The requirement of an uninterrupted
internet connection is primarily needed when several mobile
health (mHealth) apps and devices are being created and
promoted each day. ExoDont, similar to other mHealth apps,
requires an internet connection for sending timely notifications,
which could also be listed as its drawback.

The role of preoperative anxiety and stress as an aggravating
factor for postoperative pain has been well-established [20]. To
foster compliance and reduce complications in patients, the
dissemination methods of instructions could be modified to
include newer and innovative techniques that reduce the burden
on patients to remember numerous instructions and alleviate
the anxiety factor in patients anticipating surgery, thus
minimizing postoperative pain. Current evidence in
postoperative management has been in favor of
technology-based health care delivery systems. The use of
mobile apps in postoperative care has been found to reduce a
substantial amount of time, travel, and cost to patients along
with a higher satisfaction level for both patients and providers
[21,22]. Therefore, in an attempt to provide a well-optimized
postoperative recovery period, the innovative mobile app
ExoDont was introduced. The notification-based ExoDont app
enables benefit for users of all ages because it does not require
any manual inputs from the patients. The ExoDont app presents
a user-friendly environment, even for those who are not adept
with the use of smartphones. The results obtained from this
study suggest that the ExoDont app had been well-received by
a group of patients and, therefore, can be used in the future for
the advancement of technology in the field of perioperative
management.

There are, however, a few limitations to this study that need to
be discussed. First, there was a lack of homogeneity among the
3 groups in the selection of patients for the type and number of
the teeth to be extracted, which could have altered the rate of
complications assessed. However, since a majority of the teeth
to be extracted were mandibular molars, the differences have
not been substantial. The selection of a specific type and number
of teeth to be extracted could be considered in future studies to
test the validity of the app. Second, the study does not take into
account the educational level or health literacy of the patients,
which can influence the perception of individuals using an
mHealth app such as ExoDont. The comparison was drawn
from a subset of the population. Future studies could include a
larger sample size by using a multicentric approach to test the
app across different centers with varying literacy levels. Third,
since this was a pilot study, a nonrandomized design was used
to enroll patients into the 3 groups, with different eligibility
criteria for each group. This approach does not generate
conclusive evidence for comparison among the 3 groups.
Therefore, more randomized trials are required to accurately
evaluate the benefits of the ExoDont app over conventional
methods and determine the difference in the postextraction rate
of complications among the groups.

Conclusion
This study promotes the use of technology to ensure the smooth
and efficient postoperative recovery of patients after minor oral
surgical procedures. As established through this study, the
ExoDont app succeeded in fostering compliance in patients to
the prescribed drug regimen and adherence to postoperative
instructions in a subset of the population. This study encourages
the use of the app-based delivery method of postoperative
instructions over conventional verbal and written methods,
which could play a beneficial role in bridging the gap between
the surgeon and patient and improve compliance in patients.
Although the app has been found to be effective in this study,
more randomized studies are required to establish the advantage
of this app-based dissemination method of instructions over
other conventional techniques.

Data Availability
The data sets generated during and/or analyzed during the current study are available from the corresponding author on reasonable
request.
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Multimedia Appendix 1
Group-specific feedback forms for Groups A, B, and C.
[DOCX File , 15 KB-Multimedia Appendix 1]
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