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Abstract

Objective: Global trends, such as improving accessibility to healthcare services through the Internet, and the COVID-19 pan-
demic are among the driving factors in the adoption of digital health. This study hypothesized that digital solutions can reach
and gather data from a large number of patients with trigeminal neuralgia (TN), a commonly misdiagnosed neuropathic
facial pain syndrome, and quickly and fast-track their diagnosis by suggesting them to consult a neurologist. We developed
an accessible digital screening tool based on patient symptoms and history to test this hypothesis and used social media
advertisement to screen a general population for TN.

Methods: The standard diagnostic criteria, International Classification of Orofacial Pain, for facial pain is digitized as a web-
based questionnaire that allows easy access to the evaluation for patients with suspected TN symptoms. Targeted search
with relevant keywords and display campaigns on Google search engine and Facebook social media platform were used
to reach large numbers of subjects. A report was autogenerated, which included a summary of a subject’s symptoms, likely
or likely not TN diagnosis, and information to seek appropriate medical assistance.

Results: The website was live for seven weeks and generated 240 screening questionnaire submissions, with a total spending
of $2482. Forty-four subjects (18.3%) that reported typical symptoms of TN experienced unilateral and episodic pain in one of
the trigeminal nerve regions.

Conclusions: We have demonstrated the feasibility of social media advertisement and digitally screening a general popula-
tion for TN, gathering valuable clinical data, such as pain characteristics, through a web-based questionnaire. Based on
these data, patients with similar symptoms of TN are suggested to consult a neurologist for diagnosis. This study provides
a framework for using digital screening tools to improve the healthcare experience of patients who would spend several
months before finding appropriate diagnosis for their specific conditions.

Keywords

Digital health, facial pain, web-based diagnosis, social media, remote assessment

Submission date: 12 January 2023; Acceptance date: 28 July 2023

Introduction
Trigeminal neuralgia (TN) is a debilitating pain disorder
that is characterized by intermittent, typically unilateral,
sharp, and electric shock-like episodes of pain in one or
more of the distributions of the trigeminal nerve.1 These
episodes are precipitated by seemingly innocuous stimuli
(“triggers”) that are encountered in everyday life—eating,

1Biomedical Engineering Department, Chung-Yuan Christian University,
Taoyuan City, Taiwan
2Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA,
USA

Corresponding author:
Fu-Yu B Chen, Biomedical Engineering Department, Chung-Yuan Christian
University, No. 200, Zhongbei Road, Zhongli District, Taoyuan City, Taiwan.
Email: beverlychen@cycu.edu.tw

Creative Commons NonCommercial-NoDerivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction

and distribution of the work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on
the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Original research

DIGITAL HEALTH
Volume 9: 1–9
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20552076231194913
journals.sagepub.com/home/dhj

https://orcid.org/0000-0001-8168-0850
mailto:beverlychen@cycu.edu.tw
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/dhj


chewing, talking, tooth brushing, or even a gentle breeze.2

Accordingly, this disorder has a dramatic influence on the
quality of life of affected individuals.3 Episodes may
be sporadic, occurring multiple times per day and as
frequently as few to few hundred times per day.4

Microvascular decompression (MVD) provides immedi-
ate pain relief in over 90% of patients and permanent
and complete pain relief in approximately 80% of
patients.1 Treatment for TN is well established and
effective because of the success rates of pharmacological
and surgical interventions, such as MVD.5 Nevertheless,
a significant gap in care evident. Trigeminal neuralgia
has a small prevalence of approximately 6–29 cases per
100,000 person-years.6–8

Primary care clinicians and dentists may not encounter
many TN patients in their practice due to its rarity. The
diagnosis of TN is typically based on patient’s pain charac-
teristics and clinical history. Accordingly, appropriate diag-
nosis is a challenge for nonexpert clinicians in primary care,
especially in the early phases. Antonaci et al.9 showed that
patients frequently suffer from TN symptoms for 10.8
months prior to receiving a definitive diagnosis, and they
spent on average 7.2 months and multiple visits to
various providers prior to receiving a diagnosis.
Approximately 82% of TN patients initially consulted a
dentist because the pain is frequently triggered by eating,
and 53% of these patients routinely underwent unnecessary
invasive dental procedures—including tooth extractions
and root canals, sometimes multiple times—due to misdiag-
nosis.10,11 Neurologists are well aware of the tumultuous
journey that TN patients face and even implement work-
flows to prioritize the triage of new TN patients as
quickly as possible to ease the pain and frustration that
they have experienced.

Despite the relatively low disease prevalence, help can
be extended to TN patients, and the financial burden of
this patient population on the healthcare system can be
minimized in the prediagnosis period. Trigeminal neuralgia
conditions can be screened in a variety of ways, such as
existing orofacial pain questionnaires12,13 and MRI
imaging,14 and patients can be given proper care.
However, these methods are not widely accessible to
patients and suitable for primary care due to certain barriers:
(1) administered in person; (2) administered by a specific
specialist; (3) potentially high cost; (4) scheduled during
availability of patients and providers; and (5) demand def-
inite diagnosis.15 Consequently, the demand for accessible
methods for screening and reaching TN patients that direct
them to appropriate medical assistance is increasing. Digital
health solution is an attractive area for innovation in exped-
iting TN diagnosis.

The current state of digital health creates opportunities
for solutions to reach specific populations at a convenient
time and location. Global trends, such as an increased chal-
lenge for rural patients to access healthcare and the

COVID-19 pandemic, have resulted in increased clinical
adoption and patient acceptance of digital health solu-
tions.16 Moreover, the healthcare industry is now transition-
ing toward value-based healthcare, which reimburses based
on outcomes and patient experience. Efforts must be
exerted to provide personalized healthcare experiences
and improve patient outcomes and experience.
Personalized digital health carries immense potential to
improve our ability to deliver improved healthcare experi-
ences to a wider range of patients, including those with
less common conditions. Digital screening tools targeted
directly and specifically to patients with relevant health
care concerns (e.g., identified through keywords used in
web searches) have significant potential to improve access
to proper diagnosis and become the best treatment. These
tools can contribute to a higher level of satisfaction with
healthcare experiences.

We hypothesized that digital screening solutions can
quickly reach and gather data from large numbers of
patients with specific medical conditions. To test this
hypothesis, we developed an accessible digital screening
tool that targets patients with TN, a commonly misdiag-
nosed neuropathic facial pain syndrome.9 The aim of this
study is to develop a tool that can efficiently and cost-
effectively reach a considerable number of patients with a
clinical presentation similar to TN and gather meaningful
clinical information in a short period of time.

Methods

Online screening instrument development

To develop an accessible digital screening tool for TN, we
interviewed healthcare professionals with expertise in diag-
nosing and treating patients with TN (e.g., neurologists and
neurosurgeons) from a tertiary academic hospital (Stanford
Health Care) and reviewed the TN definition17 and the diag-
nostic criteria of the International Classification of
Orofacial Pain (1st edition).18 Based on the abovemen-
tioned information, we prepared a screening questionnaire
that included pain history, pain location, and additional
history questions and TN criteria, as shown in Table 1.
The episodic and unilateral pain in the trigeminal nerve
facial regions (jaw, cheek, and forehead) was used as
objective screening criteria to categorize subjects into
likely and likely not TN diagnosis, and a report was auto-
generated. The content of the report contains pretabulated
information on a general description of TN symptoms and
treatment options, a summary of a subject’s symptoms,
likely or likely not TN diagnosis, and suggestion to
consult neurologist for likely TN diagnosis for further
investigation or primary physician for likely not TN diagno-
sis for alternative diagnosis. The report is printable for the
subject to discuss with clinicians. An example of the
report is supplied in Supplementary A.
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In the questionnaire, the question sequence and content
were adaptive based on the selected answer to previous
questions. The purpose of the adaptive questionnaire was
to streamline the data collection by only asking relevant
questions. For example, if a subject reported bilateral
pain, then all options presented for the subject to indicate
pain location were bilateral (Figure 1). Answering every
question was not mandatory to increase submission rate,
giving the subjects the freedom to skip questions when
they feel irrelevant or uncomfortable to disclose.

Subject engagement and advertisement targets

To digitally reach and engage subjects, we used targeted
search and display campaigns on search engines, such as
Google, and social media platforms, such as Facebook, to
drive traffic to our web-based questionnaire. We identified

relevant keyword themes and phrases, including “jaw
pain,” “facial pain,” and “dental pain,” that TN subjects
are likely to enter when searching the internet to perform
targeted search and display ads.

A budge of $4000 was allocated for paid advertisements
for seven weeks to understand the funding required to
acquire a potential TN subject. The target age range for
the subject was set between 35 years old and 65 years old
for Google and Facebook ads, and the target location is
United States. The age range was limited to adults and
elderly because they correspond to the majority of TN
patients. An advertisement about our website was written
to engage with potential TN subjects, as shown in
Figure 2(a). In the target search campaign, the ad was
shown to users who entered keywords and phrases that
Google deemed to be related. The display campaign used
a keyword and phrase mechanism to find target subjects
when they were visiting properties outside of Facebook
and Google, such as browsing online, watching YouTube
videos, or checking email. A similar approach using key-
words and phrases was completed for social media
advertising.

Data analysis

Website visits are defined as unique sessions in which a par-
ticipant viewed at least one page within the website.
Submissions encompass all entries in the screening ques-
tionnaire, including the partial responses. Costs account
for paid advertisements on Google and Facebook. A chi-
square test of independence was performed to examine
the relation between likely TN diagnostic subjects and
whether they report seeing a provider or not.

Results

Website design for subject engagement

A website was created to digitally reach potential TN sub-
jects (Figures 2(b)–2(d)). The website contains an engaging
title, relatable quotes from TN patients, an explanation of
the solution (how it works), and information regarding
our mission and background to build credibility and trust
for subjects to complete the questionnaire.

Website engagement and cost

The website was live for seven weeks (from 15 July 20 to
31 August 20), and the total cost for advertisement was
$2482. The website generated 1883 unique visits and 240
screening questionnaire submissions over seven-week
study period (Figure 3(a)). The conversion rate from
website visit to complete questionnaire was on average
approximately 12.5%. Paid display advertisement was
live for the first two weeks, but the conversion rate was

Table 1. Screening questionnaire questions, options, and TN
definition and criteria.

Questions
Questionnaire
options

TN definition and
criteria

Episodic or
continuous
pain

Episodic (occurs in
bursts) and
continuous
(nearly constant)

Episodic

Pain location and
face region

One side or both
sides of face.
Jaw, cheek bone,
forehead, temple,
nose, whole side,
jaw joint, and
tooth

One side of face in
the region of one
or more of jaw,
cheek bone, and
forehead (TN
location)

Pain severity On a scale of 1 to 10 Severe pain

Pain
characteristics

Shooting, dull, sharp
or stabbing, achy,
sore, shock-like,
and tender

Electric shock-like,
shooting, and
stabbing or sharp

Frequency and
duration of
episodic pain

Always, sometimes,
and never

Recurrent
paroxysms lasting
from a fraction of
a second to 2 min

Additional
history

Prior consultation/
diagnosis,
medication
history (steroids,
aspirin, NSAIDs,
and opioids), and
dental care

Patients with TN also
frequently endure
multiple
unnecessary
dental procedures
prior to reaching
a diagnosis

TN: trigeminal neuralgia.
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unstable. After switching to paid search advertisement, the
conversion increased from 5% in week 2 to a steady state of
approximately 12%–15% by week 3, as shown in
Figure 3(b).

A breakdown of the cost used for the different digital
advertising channels and the characteristics of questionnaire
submissions are shown in Table 2. The digital advertising
costs for every website visit and questionnaire submission
were $1.32 and $10.34, respectively. Spending $2062 on
Google ads generated 48% of the traffic (902 unique visi-
tors). Meanwhile, spending $420 on Facebook advertise-
ment contributed 16% of the traffic (302 unique visitors).
Majority of the questionnaire submissions were received
from mobile operating systems (61%) and completed in
less than 5 min (76%).

Questionnaire results

The questionnaire results showed that 44 (18.3%) out of the
240 total subjects met the likely TN diagnostic criteria of
having episodic pain on one side of the face at jaw,
cheek, or forehead location. The website recommended
these subjects print out their reported symptoms and

consult a neurologist. The subject symptoms reported in
the screening questionnaire are shown in Table 3.
Moreover, the subjects provided pain scores on a Visual
Analog Scale ranging from 0 (no pain) to 10 (worst pain
possible). Pain ratings below 8 (45%) and greater than 8
(43%) were similar in submissions. Majority of the subjects
reported continuous (66%) and unilateral pain (57%).
However, a similar number of patients reported pain in
each region of the face defined in Table 1. The most
common characteristics of pain reported by subjects were
achy (48%), sharp or stabbing (44%), and sore (35%).
Majority of the respondents reported additional dull back-
ground pain always (33%) or sometimes (47%).

The patient diagnosis and treatment experiences reported
in the screening questionnaire are outlined in Table 4. A
similar number of subjects reported having been seen by
a healthcare provider regarding their pain (34%) as those
who had not (32%). Among the individuals that reported
being seen by a provider, majority of them consulted a
primary care physician (23%). No significant relationship
was observed between likely TN subjects that reported
having seen by a provider (χ2= 2.24, df= 1, and p >
0.05). Out of the 44 subjects who reported having received

Figure 1. Example of the adaptive questionnaire. (a) Question display when “one side” is selected. (b) Question display when “both sides”
is selected.
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a diagnosis, more than half of them (55%) did not believe
that the diagnosis was accurate. The subjects reported
taking medications for their pain in 45% of all submissions,
with nonsteroidal anti-inflammatory drugs or NSAIDs
(61%) and opioids (50%) as the most common medications.
Thirty-seven subjects (15%) reported having received
dental treatment for their pain.

Discussion
Trigeminal neuralgia is a rare neurological disease charac-
terized by debilitating pain attacks, significantly affecting
the patient’s quality of life. Although TN has a straightfor-
ward diagnosis criterion and effective treatment, it is com-
monly misdiagnosed and treated in the primary care setting

Figure 2. (a) Example of a Google ad for our website. This advertisement consists of three engaging headlines and detailed descriptions
explaining the benefits of our diagnostic questionnaire. (b) Website to engage potential trigeminal neuralgia (TN) subjects. Engaging title
and relatable quotes from TN patients. (c) Our solution for the TN subjects is explained in three simple steps. (d) Our mission and the
description of the team members.

Figure 3. (a) Cumulative number of patients that visited the website and completed the screening questionnaire every week following
website publication. (b) Patient funnel: converting from site visit to completed questionnaire.

Chen and Barbosa 5



as dental or atypical facial pain. Currently, a suitable initial
assessment tool for use in primary care by nonexpert clini-
cians is lacking. The demand for accessible screening
methods for likely TN subjects that can direct them to the
appropriate diagnostic and treatment pathways is increas-
ing. The internet has expanded the accessibility of health
and medical information for individuals who frequently
search for medical information.19,20 The objective of this
study is to determine the feasibility of a targeted search
and display advertisement campaign to digitally reach and
screen potential TN subjects.

This research demonstrates the feasibility of a digital
screening tool for a small prevalence disease and diagnos-
tics that primarily rely on patient symptoms and history.
This study reached approximately 1883 unique visits and
240 screening questionnaires by using targeted search and
display campaigns on Google and Facebook platforms
with a digital screening questionnaire in a span of seven
weeks. Out of the 240 questionnaires submitted, 44 subjects
(18.3%) exhibited symptoms similar to TN and were
advised to consult a neurologist for further examination.
A similar method has been used in the study of
McCartney et al.21 to diagnose patients with different
facial pain syndromes, such as typical TN (TN1), by

using an online questionnaire with artificial neural
network (ANN) based on facial pain syndromes and
patient history training data. The online digital screening
solution proposed in this study offers a faster method to
reach potential target subjects, increased convenience by
removing time and location requirements, and minimized
costs by eliminating labor and overhead costs with the trad-
itional clinical screening method. McCartney et al.21 took
five years and seven months to gather 813 facial pain
patients for their online facial questionnaire from one
medical center.

The key aspect of this study is its suggestion that one of
the main factors that define the utility of the various screen-
ing tools is their capability to acquire meaningful clinical
data to point patients toward the most appropriate diagnos-
tic and treatment pathways. This work is particularly useful
for screening TN subjects that require prompt diagnosis and
minimizing unnecessary treatments, such as tooth extrac-
tion. In contrast with the formal orofacial diagnostic ques-
tionnaires,12,13 the online digital screening method
proposed in this study does not need to provide a specific
diagnosis. This method can filter responses to capture the
overwhelming majority of subjects who are likely to have
TN condition (i.e., high sensitivity). Furthermore, we
were able to gather detailed information about the experi-
ences of subjects with facial pain at a relatively low cost
of $10.34 per subject and 62% of budgeted advertisement
spent (cost: $2482, budget: $4000). This study included
the assessment of pain intensity, frequency, quality, loca-
tion, and characteristics, as indicated in Results section.
These aspects are the same key features of TN pain syn-
dromes that neurologists attempt to uncover in in-office
diagnostic visits. Additionally, we collected information
about current experience in relation to the diagnostic
(e.g., healthcare providers visited) and treatment attempts
(e.g., medications and dental treatments). These data are
also the key information used by neurologists in determin-
ing the next steps for diagnosis and treatment. A printable
report with the abovementioned information at the end of
the digital questionnaire allows subjects to understand
their conditions and immediately seek appropriate medical
assistance. Meanwhile, the report with patient symptoms
and history assists clinicians in making efficient diagnostic
and treatment decisions. This work can aid in expediting the
delivery and minimize the cost of healthcare for TN
patients.

The internet hosts a diverse demographic, including
individuals experiencing facial pain and likely TN subjects
who have and have not consulted a healthcare provider,
which opens the possibility of remotely and digitally reach-
ing a large population of suspected subjects. However, the
conversion rate remained low, and the cost associated with
reaching and engaging with a target subject is high due to
the absence of a target strategy. Accordingly, the advertise-
ment channel and strategy that align with the target medical

Table 2. Cost breakdown of spending on digital advertisements and
characteristics of the screening questionnaire submissions.

N (%)

Digital advertising channels – –

Google ads $2062.26 (100)

Google search, YouTube, and map $1555.70 (75)

Google partner websites $505.39 (25)

Facebook $419.98 (100)

Total questionnaire submissions 240 (100)

Duration (minutes) – –

<2 min 72 (30)

2–5 min 110 (46)

>5 min 58 (24)

Operating system

Desktop 85 (35)

Mobile 147 (61)

Other 8 (3)
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condition must be carefully considered. In this study, paid
search is a significantly better channel for reaching potential
TN subjects than paid display advertisement because sub-
jects may actively search for a solution on the internet
due to unresolved pain.

Limitations
Although this study shows several benefits of the digital
screening tool for TN, it has some limitations. A report
with suggestions was presented to the subjects at the end
of the online questionnaire. We neither referred the poten-
tial TN subjects to neurologists nor followed up on their
diagnosis. Furthermore, the likely TN screening criteria
were based on the subjects that manifested TN signs of epi-
sodic and unilateral pain, commonly referred to as typical
TN (TN1). However, the other types of TN were not

Table 3. Summary of patients that reported symptoms.

N (%)

Total questionnaire submissions 240 (100)

Pain intensity – –

4–7 108 (45)

8–10 103 (43)

No response 15 (6)

Pain type – –

Episodic 78 (32)

Frequency – –

Hourly 19 (24)

Daily 46 (59)

Weekly 4 (5)

Monthly 9 (11)

Duration – –

1–60 s 30 (38)

1–60 min 46 (59)

>1 h 2 (3)

Continuous 159 (66)

No response 3 (1)

Pain location – –

Unilateral 136 (57)

Bilateral 47 (20)

No response 57 (24)

Face region – –

Cheek bone 77 (32)

Forehead 47 (20)

Jaw 85 (35)

Jaw joint 75 (31)

Nose 45 (19)

(continued)

Table 3. Continued.

N (%)

Teeth 48 (20)

Temple 64 (27)

Whole side 54 (23)

No response 57 (24)

Characteristics – –

Achy 116 (48)

Dull 77 (32)

Sharp or stabbing 106 (44)

Shock-like 67 (28)

Shooting 81 (34)

Sore 83 (35)

Tender 72 (30)

No response 2 (1)

Background dull pain – –

Always 77 (33)

Sometimes 112 (47)

Never 49 (21)

No response 2 (1)
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included in the diagnostic criteria, such as TN2 with con-
stant background pain17 and subject presenting rare bilat-
eral TN pain.22 This situation could potentially result in
false positives and additional management and referral in
the healthcare system. McCartney et al.21 demonstrated
high sensitivity (92.4%) in diagnosing TN1 using an
online questionnaire and an ANN algorithm in one
medical center. Future research should explore the sensitiv-
ity and specificity of integrating an online TN screening
solution for general population into a healthcare referral
network.

Another limitation is that the online digital screening
tool has a dilemma between convenience and completion
of questions. In this study, the majority of the questionnaire
submissions (75%) were completed in less than 5 min
because answering all the questions was not mandatory,
giving the subjects the freedom to skip certain questions
and quickly complete them. The drawback was incomplete
data collection. For example, a considerable number of par-
ticipants did not respond to the additional medical history
questions compared with the symptom-related questions
in this study. Future study should focus on codesigning a
user-centered and informative online digital questionnaire
with neurologists and primary care clinicians.

Conclusions
We have demonstrated the feasibility of screening a
general population for likely TN subjects through social
media advertisement and a web-based questionnaire.
Such a mechanism allowed us to gather valuable clinical
data, such as pain characteristics and prior history, from
the participants. This study provides a framework for
using targeted, digital screening tools to remotely and
digitally reach a reasonable number of suspected TN sub-
jects in a short period of time and at a reasonable cost. A
printable report with the abovementioned information at
the end of the digital questionnaire allows subjects to
understand their conditions and immediately seek appro-
priate medical assistance. Digital screening solution can
improve the healthcare experience of patients who
would otherwise spend several months before finding an
appropriate diagnosis.
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