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ABSTRACT

Purpose: to develop a scoping review protocol that seeks to identify which procedures and for what 
purpose wearables available in the literature are being used on the masseter and temporal muscles. 

Methods: the approach recommended by The Joanna Briggs Institute and the PRISMA-P guidelines, will 
follow. Databases to be searched include PubMed, Cochrane Library, LILACS, Scopus, Web of Science, 
Embase and grey literature. In the first step, two reviewers will independently evaluate the articles by titles 
and abstracts, then, a full review of the selected articles will be performed according to the inclusion and 
exclusion criteria. Any uncertainties or differences of opinion will be discussed for consensus. Articles 
published without date or language restrictions will be included. All components will be presented in tables 
and flow charts. In addition, a narrative summary of each component will be included for further details. 

Final Considerations: this protocol will present the general state of the literature on the use of wearables 
in masseter and temporal masticatory muscles.
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INTRODUCTION
In the 1960s, the concept of wearable technology 

was first proposed by Edward O Thorp1, a professor 
of mathematics at the Massachusetts Institute of 
Technology in the United States. Since then, wearables 
have received considerable attention from researchers 
around the world. In recent years, with the development 
of the Internet, smart hardware, and big data, wearables 
have developed rapidly in various fields2. In healthcare, 
in the form of portable medical devices or health 
electronics that can be worn directly on the body and 
can perceive, record, analyze, regulate and intervene to 
maintain health or even be used to treat diseases with 
the support of various technologies for identification, 
detection, connection, cloud services and storage3.

By intelligently integrating mechanical functions 
with microelectronics and computing power, wearables 
can be used to achieve immediate detection of patient 
signals and laboratory indicators and provide exercise 
guidance, medication administration reminders, and 
so on. Real-time detection of patient parameters and 
accurate, intelligent online analysis of physiological and 
pathological information are also possible. In this way, 
the devices can be used to perform self-diagnosis and 
self-monitoring4. 

Biometric monitoring devices (BMDs) are sensors 
embedded in smartphones, wearables (e.g., wrist-
bands, skin patches), or everyday objects (e.g., bottles 
with smart caps) that offer the opportunity to collect 
patient biological, physiological, or behavioral data 
continuously, remotely, and unobtrusively1. In addition, 
BMDs enable the measurement of health, disease 
progression, and treatment effects in real-life situa-
tions, from patient homes, and from widely dispersed 
participants living in distant locations and/or for whom 
mobility is limited2. 

The possible benefits that wearables can bring to the 
health area are diverse and their use to measure results 
in clinical research is growing. However, they still have 
negative points such as high cost, incorrect use by 
patients, professionals not trained to use these technol-
ogies, and difficulty in patient acceptance, among other 
points that underuse wearables. When used locally, 
as in the region of the masticatory muscles, they also 
have their limitations, such as short battery life, need to 
self-report when eating, need to turn the equipment on 
and off, more than one sensor to analyze mastication, 
among other limitations5, which have been tried to 
be solved in the development of new equipment. For 
these reasons, the authors chose to develop a scoping 

review to systematically map the research done in this 
area, as well as to identify possible knowledge gaps. 
As each wearable technology differs in components, 
function, and purpose, researchers must be familiar 
with all these parameters to ensure that studies are 
selected appropriately.

Therefore, this manuscript aims at developing a 
scoping review protocol that seeks to identify which 
procedures and for what purpose the wearables 
available in the literature are being used in the masseter 
and temporalis muscles. To do this, it will be necessary 
to: (1) identify the wearables that are being used in 
masseter and temporalis muscles; (2) evaluate the 
characteristics regarding location, type and parameters 
of the sensor; (3) identify the outcomes investigated 
in the research with the devices; (4) detail the charac-
teristics of the research (sample, target population, 
methodology, stages of sensor development, clinical 
application, protocol of use, measurements extracted, 
duration and condition of monitoring, indication); and 
(5) note the difficulties related to the topic for future 
solutions.

METHODS

Before developing the present review protocol, 
the following sources were examined to identify the 
existence of any previously or currently ongoing 
published systematic reviews or scoping reviews on a 
similar or identical topic: MEDLINE (PubMed), Embase, 
and Cochrane Database of Systematic Reviews. No 
relevant documents were located. 

Thus, this proposed scoping review protocol will 
follow the approach recommended by The Joanna 
Briggs Institute6 and the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses extension 
for Scoping Reviews  (PRISMA-P)7. Protocol regis-
tration was previously performed at OSF Registration, 
under-identification osf.io/62z5t/. The methodology 
for scoping reviews was chosen for its suitability to 
address the proposed topic, that is, the identification 
and evaluation of wearables used in masseter and 
temporal muscles in adults that have been described 
in the literature.

To this end, a research question will guide the 
conduct of the review through the acronym PCC (P 
-population, C -concept and C -context)6, which is the 
most appropriate strategy for this type of review. The 
following PCC, described in Chart 1, was considered 
for this study.
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The review question, based on the PCC strategy 
will be: What procedures and for what purpose are 
wearables on the masseter and temporalis muscles 
being used?

Eligibility Criteria
Inclusion criteria will be studies with wearables 

worn by adults aged 18-59 years, using these devices 
on the masseter and temporalis muscles, published 
in any language, covering all sources of national and 
international literature, without time restriction, evalu-
ating the activity of these muscles.  This review will 
consider primary studies including randomized clinical 
trials, non-randomized clinical trials, prospective and 
retrospective cohort studies, and case-control studies. 
Conference abstracts, editorials, opinion articles, 
animal studies, in vitro studies, and protocols will be 
excluded due to the inability to extract study param-
eters and outcome data.

Chart 1. Population Concept Context 

Mnemonic PCC Description
Population (P) Sensor-monitored adults
Concept (C) Wearables
Context (C) Masseter and Temporal

Caption: Mnemonic PCC (Population, Concept and Context)

Search Strategy
The search strategy for this scoping review protocol 

will aim to be as comprehensive as possible to identify 
published and unpublished studies. A three-stage 
search strategy will be used.  

The first stage will be an initial search of relevant 
articles. To compose the search strategy in MEDLINE, 
the words of the text contained in the title and abstract, 
and the keywords used to describe the article are 
retrieved. 

This initial search is followed by a second search, 
which will be adapted for each database. Then the 
reference list of all included reports and articles will be 
searched for further studies. For inclusion in this review, 
no filters or language restrictions will be applied to the 
search. 

The databases to be searched include MEDLINE, 
Cochrane Library, Scopus, Web of Science, and 
Embase. Sources of unpublished studies and gray liter-
ature will be Google Scholar, ProQuest, and MedNar. 
The initial search strategy that will be used when 
searching the MEDLINE (PubMed) database is shown 
in Chart 2.

https://wiki.jbi.global/display/MANUAL/11.2.4+Inclusion+criteria
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Data extraction
Data extraction will be performed by the two 

reviewers independently using a data extraction tool 
developed by the reviewers. Key information to be 
extracted will include technology type, sensor type, 
integrated sensors, comparison with another sensor, 
time of use, experiment location, purpose, clinical 
application, methodology, sample, battery time, and 
parameters used (frequency, filter, etc.), among others. 
This scoping review will help guide healthcare profes-
sionals in choosing the most appropriate instrument 
for various purposes. In addition, various components 
of each study will be extracted and summarized. The 
tool developed to extract the data will be modified 
according to the data extraction process and the 
evidence sources selected. The form of extraction is 
shown in Chart 3. 

Study selection
After the search, all identified records will be 

collected and uploaded into EndNote reference 
management software (Clarivate Analytics, PA, USA) 
and duplicates removed. Studies will then be imported 
into Rayyan (Qatar Computing Research Institute, 
Doha, Qatar), where two reviewers will complete title 
and abstract screening blindly and independently, as 
allowed by the application, and selected studies will 
be evaluated according to the predefined inclusion 
criteria. Potentially relevant studies will be retrieved and 
read in full. The full text will then be assessed in detail 
against the inclusion criteria by the two independent 
reviewers. Reasons for the exclusion of full-text articles 
will be recorded and reported in the scoping review. 
Any disagreements that arise between the reviewers at 
each stage of the selection process will be resolved by 
a third reviewer or through discussion. The results of 
the search will be reported in full in the scoping review 
according to the PRISMA extension for scoping reviews 
(PRISMA-ScR) and presented in a PRISMA flow chart8.

Chart 2. Search strategy - Medline via PubMed (search conducted on October 27, 2022)

Search Keyword Records found

#1

("monitoring, physiologic"[MeSH Terms] OR "monitoring physiologic"[All Fields] OR 
"physiological monitoring"[All Fields] OR "Patient Monitoring"[All Fields] OR "monitor"[All 
Fields] OR "monitoring system"[All Fields] OR "wearable health monitoring"[All Fields] OR 
"activities of daily life"[All Fields])

374.096 results

#2

("accelerometry"[MeSH Terms] OR "accelerometry"[All Fields] OR "inventions"[MeSH 
Terms] OR "inventions"[All Fields] OR "machine learning"[MeSH Terms] OR "machine 
learning"[All Fields] OR "telemedicine"[MeSH Terms] OR "telemedicine"[All Fields] OR 
"wearable electronic devices"[MeSH Terms] OR "wearable electronic device"[All Fields] 
OR "signal processing, computer assisted"[MeSH Terms] OR "smartphone"[MeSH 
Terms] OR "smartphone"[All Fields] OR "mobile applications"[MeSH Terms] OR "mobile 
applications"[All Fields] OR "computer neural network"[All Fields] OR "accelerometer"[All 
Fields] OR "mobile health"[All Fields] OR "wearable technology"[All Fields] OR "wearable 
devices"[All Fields] OR "wearable technologies"[All Fields] OR "wearable device"[All Fields] 
OR "digital signal processing"[All Fields] OR "wearable electronic device"[All Fields] OR 
"wearable electronic devices"[All Fields] OR "sensor"[All Fields])

412.645 results

#3

("masticatory muscles"[MeSH Terms] OR "masticatory muscles"[All Fields] OR "masseter 
muscle"[MeSH Terms] OR "masseter muscle"[All Fields] OR "temporal muscle"[MeSH 
Terms] OR "temporal muscle"[All Fields] OR "mastication"[MeSH Terms] OR "mastication"[All 
Fields] OR "masticatory muscle"[All Fields] OR "muscle activity"[All Fields] OR "masseter 
muscles"[All Fields] OR "temporal muscles"[All Fields] OR "chewing"[All Fields])

53.294 results

#4 #1 AND #2 AND #3 172 results
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other functions.  Wearable health devices provide their 
users with instant data on their activities and allow them 
to track advanced performance metrics including step 
count, heart rate, body fat percentage, sleep quality, 
stress levels, menstrual cycle, and fertility windows9.

One of the goals of these devices and apps is to 
provide real-time feedback to patients so that they 
see data that illustrate how their destructive behaviors 
affect them physically, providing additional motivation 
to manage their health more proactively. Healthcare 
professionals need to be able to access and interpret 
personalized health data, as well as distill it into usable 
teaching points. In the past, physicians often took an 
authoritarian approach to health and fitness education 
that did little to encourage active patient participation. 
By employing a patient-centered approach using data 
collected from wearable devices, healthcare profes-
sionals have the opportunity to work closely with 
patients to impart measurable skills and behaviors in 

Data analysis and presentation

The data will be evaluated according to the research 
objectives, characterizing the methodologies used in 
the studies, both quantitatively and qualitatively. The 
findings of this review will be useful for practitioners 
to select an appropriate type of wearable technology 
for each type of indication in their day-to-day clinical 
practice, as well as to guide research on the need for 
further research in specific areas. 

All components will be presented in tables and 
flow charts. In addition, a narrative summary of each 
component will be included to provide more detail, 
linking the findings to the research question and 
objectives.

DISCUSSION

Wearable Technologies are accessories used with 
the function of transmitting data, via the internet, for 
monitoring vital functions of the human body, among 

Chart 3. Data extraction tool

Title of the article:
Author(s):
Year of publication:
Journal:
Institution(s) where the study was conducted:
POPULATION
Sample Size:
Sex:
Age group:
Medical Condition:
CONCEPT
Wearable technology used:
Sensor type:
Integrated sensors:
Comparison to other sensors:
Wearing time:
Location of the experiment:
Purpose:
Clinical application:
Methodology:
Sensor Development Stage:
Battery Time:
Parameters used in the sensor:
Critical aspects of the device:
CONTEXT
Location of sensor attachment:
Monitoring condition:
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a real and tangible way, with the ability to track that 
progress over time, reducing healthcare costs10.

In addition, developments in deep learning, a 
branch of machine learning, have shown increasing 
promise for the clinical use of wearables in healthcare. 
The integration of wearable technology and deep 
learning algorithms into the clinical pathway can aid 
in the processing and analysis of immense volumes 
of data to potentially aid in new disease phenotyping, 
disease surveillance, and complex decision-making11.

Currently, in the wearables arena, most of the data 
collected are not used to build predictive models that 
are successively integrated into the clinical setting. 
And the current quest for knowledge around wearables 
is still mainly focused on technical aspects such as 
design, reliability and validity in controlled environ-
ments12. While this type of evidence remains important, 
the next phase towards clinical adoption will be the 
ability to accurately and reliably transform physiological 
data collected by wearables into a meaningful clinical 
decision, as current clinical diagnostics generally 
provide decisions by comparing physiological data 
with various heuristically defined thresholds. However, 
this scheme is only good for a human expert, but 
not for a fictitious machine. A trained physician can 
consolidate all the necessary data and replace relevant 
numbers with intuitive information to finalize his 
diagnosis, but a machine cannot perform such replace-
ments. Computerized diagnosis aims to replace human 
intuition with various comprehensive algorithms and 
complicated criteria. However, the replacement has 
not yet been achieved. Thus, the ideal computerized 
assistance must evaluate the statistical significance of 
the findings and expand the scope of human experts 
to perform time-consuming and large-quantity inves-
tigations, as well as not mimic human processes. 
Technological advances have improved backward and 
forward inference to provide new evidence for quality 
judgment by human experts13.

Far beyond diagnosis, the role of wearable devices 
in the p-health paradigm, i.e., participation, prevention, 
prediction, preemption, pervasive and personalized, 
has been highlighted14. With various technologies 
essential for patient monitoring, wireless devices and 
microchips contribute to the success of future appli-
cations15. To monitor chronic diseases and perform 
preventive care, pervasive computing is necessary to 
seek patient acceptance16.

However, there are many difficulties to be faced, 
including high costs to miniaturize the technologies and 

make them lightweight, battery, sensors to implement 
connectivity, ethical, legal, data security, reliability 
and related service delivery issues among healthcare 
services9.

Currently, no literature compiles masseter and 
temporal wearables that describe the activities of these 
muscles. A scoping review will fill existing gaps in the 
literature, providing a knowledge base on how research 
has been conducted in the area, and understanding 
the impact of these technologies scientifically or clini-
cally. An initial search was conducted in the Cochrane 
Database of Systematic Reviews, JBI Evidence 
Synthesis, and PubMed on May 23, 2022 and did 
not reveal any existing scoping reviews or systematic 
reviews on this topic.

Thus, this scoping review aims to answer the 
research question by mapping the profile of publica-
tions and to plan future intervention strategies using 
new studies, filling in the gaps that still need to be 
further investigated.

The relevance of this scoping review protocol is 
in compiling and disseminating the wearables that 
are being studied, being of great importance both 
for clinical practice, regarding the devices that are 
already in clinical use, and for the scientific area, in 
the advancement of research on devices that are still 
being tested to progress to their clinical use and not 
be wasted. Since this is a scoping review, the method-
ological quality and risk of bias of the studies will not be 
evaluated. Adjustments in the search strategy may be 
necessary during the process, considering the investi-
gative nature of scoping reviews.

FINAL CONSIDERATIONS

Understanding the research being developed with 
wearables in the masseter and temporalis muscles, by 
mapping and presenting the results proposed here, 
will allow professionals to know the current literature 
and its clinical application, revealing an analysis of the 
theme, to identify possible gaps that can be addressed 
in future studies and evidence-based clinical practice.
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