
Original Publication

Enhancing Temporomandibular Disorders Education for Initial Care
Clinicians Through Interprofessional Education
James Hawkins, DDS, MS, MEd-HPE*, Ronald Cervero, PhD, Steven J. Durning, MD, PhD

*Corresponding author: james.m.hawkins77.mil@health.mil

Abstract

Introduction: Temporomandibular disorders (TMDs) are common musculoskeletal pain conditions that can significantly impact daily
activities such as eating, talking, breathing, intimacy, and expressing emotion. TMDs are often complex and multifactorial, and many
patients experience overlapping pain conditions, sleep difficulties, and mental health challenges. The National Academies of Sciences,
Engineering and Medicine (NASEM) has called for improved TMD education and training for health professionals, as current training
opportunities are limited. Methods: To prepare health professionals to care for patients who have a TMD, we designed a 5-hour,
interactive, module-based curriculum aligned with the 2020 NASEM recommendations. The four-part module set addresses TMD
physiology and pathophysiology, assessment, diagnosis, and management. Instructional methods are founded on the Cognitive Theory of
Multimedia Learning and include engaging videos, clinical evaluation and education tools, and interactive digital simulation scenarios.
Results: Thirty learners from diverse health professional backgrounds (medicine, dentistry, physician assistant, nursing, physical therapy)
participated. Multiple-choice question assessments and pre/post retrospective survey scores demonstrated enhanced knowledge (M =
2.9 vs. M = 4.2, p < .001) and perceived competence (M = 1.9 vs. M = 3.4, p < .001), respectively. Encouragingly, all participants
indicated applicability to their clinical practice. Discussion: Our modules offer educators and clinicians a valuable resource to improve
TMD knowledge and facilitate best practices. Supplementary resources included in the curriculum are conducive to clinical
implementation, fostering improved clinician assessment and patient education.
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Educational Objectives

By the end of this activity, learners will be able to:

1. Examine the prevalence, impact, and risk factors
associated with temporomandibular disorders (TMDs),
including common comorbidities.

2. Discuss the neuroanatomical and physiological factors
related to temporomandibular joints and masticatory
muscle function, as well as the implications for TMD.

3. Demonstrate proficiency in obtaining a comprehensive
TMD history, performing a thorough TMD examination, and
ordering relevant diagnostic tests and images.
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4. Differentiate between arthrogenous and myogenous TMD
diagnoses, and recognize common signs and symptoms
associated with TMD mimickers.

5. Apply first-line management strategies for TMD,
including basic self-care techniques, sleep hygiene
recommendations, and appropriate pharmacotherapy.

6. Recognize when to refer patients with complex or
secondary TMD diagnoses for further evaluation and
management.

Introduction

Temporomandibular disorders (TMDs) are a group of over 30
musculoskeletal conditions associated with the masticatory
muscles, temporomandibular joints (TMJ), and associated
structures. TMDs are the second most common musculoskeletal
pain condition (after low back pain) and impact between 4%
to 18% of the US adult population.1,2 TMDs often significantly
impact a patient’s quality of life. For example, given the anatomic

US Government work in the public domain. This is an open-access publication distributed under the terms of the Creative Commons Public Domain Mark. 1 / 8

https://doi.org/10.15766/mep_2374-8265.11467
mailto:james.m.hawkins77.mil@health.mil
https://creativecommons.org/publicdomain/mark/1.0/


locations that are affected by a TMD, normal daily activities such
as eating, talking, brushing the teeth, smiling, and breathing
may be impaired. A patient’s family may also suffer, as activities
such as intimacy and communication may be impacted by a TMD.
Lastly, job performance may decline, as chronic pain often leads
to absenteeism or presenteeism.3 Health care utilization and
care costs are also high for TMD patients, with many spending
thousands of dollars for care not covered by insurance.3,4

TMDs are often complex and multifactorial, and they rarely
occur in isolation. Many patients experience overlapping pain
conditions, sleep difficulties, and mental health challenges that
complicate diagnosis and management and compromise the
prognosis.1,3 Additionally, up to 50% of patients develop chronic
pain after TMD onset,1 indicating a need for early detection and
prevention, as well as knowledge of chronic pain management.3

Despite the widespread occurrence and profound impact of
TMDs, education and training within the health professions has
historically been insufficient.3,5 Most health professions schools
spend little to no time teaching about TMDs or chronic pain
care in predoctoral or postdoctoral programs, and there are few
evidence-based advanced education resources available.3,5,6

This leads many students to feel dissatisfied with their training
and not confident in their ability to manage TMDs or chronic
pain.7,8 Educational disparities persist after graduation, as many
continuing education courses prioritize outdated, nonevidence
based, and aggressive treatment approaches to TMDs.3

Moreover, accessible and comprehensive learning resources
are sparse and often limited to only one facet of TMD care.9

Collectively, this educational gap contributes to fragmented TMD
care characterized by a lack of interprofessional collaboration
and insufficient access to quality care. This can potentially lead
to ineffective care or even iatrogenic harm, ultimately resulting in
dissatisfaction among both patients and providers.3

Based on this gap, the National Institutes of Health commissioned
the National Academies of Sciences, Engineering, and Medicine
(NASEM) to address the current state of knowledge regarding
TMD education and training, research, treatments, burden, and
costs. A comprehensive report by NASEM was published in 2020,
which made multiple recommendations to improve TMD care
moving forward. Recommendation nine advocated for improved
interprofessional education and training on TMDs for health
professionals at undergraduate, graduate, postgraduate, and
continuing education levels.3

To address this gap, we created a clinically oriented, interactive
curriculum targeted to health professionals who are likely to

be the initial evaluators of individuals with a TMD, henceforth
referred to as initial care clinicians (ICCs). ICCs include, but
are not limited to, physicians, physician assistants, dentists,
physical therapists, and nurse practitioners. This four-module
curriculum parallels recommendations by the NASEM report and
emphasizes improving knowledge and attitudinal gaps related
to TMD prevalence and impact, physiology, and pathophysiology
(module 1); patient assessment (module 2); diagnosis (module 3);
and management (module 4). The modules differ from traditional
modes of didactic TMD instruction by utilizing brief, engaging
videos and interactive, case-based scenarios designed using
Mayer’s Cognitive Theory of Multimedia Learning (CTML).10 It
also provides tools that can be incorporated clinically to optimize
patient assessment, diagnosis, and management. The curriculum
is scalable and adaptable to a variety of audiences, enhances
interprofessional collaborative practice, and it may be used by
health professional educators during various stages of student
training or by practicing clinicians for continuing education.11

Methods

Curriculum Design
A team composed of orofacial pain experts, clinician educators,
and educational specialists convened in 2023 to design a
curriculum that would help address the gap in TMD education
and care. Using information from the 2020 NASEM report3

and 2023 American Academy of Orofacial Pain guidelines
for assessment, diagnosis, and management,12 as well as
our team’s clinical experience, we developed an interactive
modular curriculum to enable ICCs across multiple health
professions fields to more effectively care for patients with a
TMD. The curriculum was created in a digital format to enable
implementation using either an asynchronous or synchronous
approach. Only the asynchronous approach was evaluated by the
authors.

In developing this curriculum for ICCs, we utilized Kern’s six-
step model for curriculum development.13 Building upon
the recognized need to enhance provider TMD knowledge
and education that was elaborated on in the 2020 NASEM
report (step 1), the local needs assessment (step 2) revealed
a significant gap in TMD knowledge and confidence of
learners across the health professions locally. This data was
predominantly gathered through discussions the primary
author had with numerous department chiefs and other health
professionals throughout medicine, dentistry, and the allied
health professions. These conversations highlighted a clear
demand for a structured educational program focused on TMD.
For step 3, we established goals and objectives for the curriculum
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aimed at enhancing foundational knowledge and clinical skills in
assessing, diagnosing, and managing TMD. Steps 4 through 6 are
discussed throughout the remainder of the Methods.

Facilitators/Learners
We developed a facilitator guide (Appendix A), which provided
course setup instructions and timing guidance for both
asynchronous and synchronous implementation strategies.
For asynchronous implementation, our team created an online
course using Google Classroom Learning Management System
(LMS). The Google Classroom was divided into four distinct yet
interconnected modules, described below. We also created
online assessments, including surveys, for each module using
Google Forms software and placed links for these within the
respective modules. Google LMS and software was chosen due
to its no-cost model and ease of access by learners at different
institutions that did not have access to another standard LMS or
survey software. A course invitation was emailed to participants
for enrollment. A learner guide (Appendix B) was provided to
participants containing a course overview, course instructions,
recommended course timing, and sample clinical evaluation
tools.

Curriculum Materials
Our team designed four modules that discussed high-yield topics
essential to TMD care: TMD pathophysiology (Appendix C), TMD
assessment (Appendix D), TMD diagnosis (Appendix E), and TMD
management (Appendix F). Each module featured a variety of
learning tools aimed at facilitating participants’ comprehension
and clinical application of the subject matter. We introduced
information in each module through brief videos (range: 5-27
minutes; average: 15 minutes) that covered critical content
within its respective topical domain, with each module taking
approximately 60 minutes to complete. To enhance learner
comprehension, we designed the videos based on principles
from Mayer’s Cognitive Theory of Multimedia Learning.10 This
approach involved utilizing simple visuals (graphics, animations,
callouts) and verbal explanations (via voice-over and onscreen
text) to highlight key learning objectives (multimedia, signaling,
and coherence principles). Additionally, we divided the videos
into concise and manageable segments with user-paced control
to mitigate cognitive load (segmenting principle).

After reviewing the videos in the diagnosis (Appendix E) and
management (Appendix F) modules, learners completed
six interactive digital simulation scenarios to facilitate the
application of knowledge in a simulated clinical setting. These
scenarios provided learners with explanatory feedback based
on their decisions, thereby reinforcing their learning (feedback

principle). Learners had unlimited opportunities to interact
with the scenarios, and scores were not recorded from these.
Finally, sample clinical evaluation tools (Appendix B) and patient
education tools (Appendix G) were included to equip learners
with the tools necessary to help immediately translate the
knowledge acquired in the course into clinical practice. Learners
were encouraged to practice using these tools when completing
the digital simulation scenarios. The total time to complete the
curriculum was approximately 5 hours.

Implementation Logistics
Using a snowball sampling approach, we recruited 30 ICCs to
participate in this curriculum from September to December 2023.
There was no prerequisite knowledge to participate, and most
learners had minimal knowledge of TMDs. Learners consented
to participate and enrolled in a Google Classroom containing
course materials hosted on the facilitator’s secured Google Drive
account. Each learner supplied relevant practice data, including
health professional category and years of experience (<1, 1-5,
6-10, >10). Learners were able to complete modules at their
own pace within a 12-week window, but we recommended
completing at least one module per week in sequential order.

Evaluation Strategy
Using the Google Forms links embedded in the Google
Classroom modules, learners completed multiple-choice question
(MCQ) assessments before and after each module to measure
the change in knowledge (Appendix A). These questions
were aligned with the learning objectives and adhered to the
formatting guidelines outlined in the National Board of Medical
Examiners (NBME) Item-Writing Guide.14 Questions were scored
as single best answer, per NBME recommendation. There were
no pass/fail scores or classification of success level established.

After completing each module, learners also completed a
pre/post retrospective survey (Appendix A) to measure perceived
competence change based on the module’s learning objectives.
This approach mitigated the potential for learners to over-
or-underestimate their knowledge before engaging with the
learning material.15,16 Furthermore, the postmodule assessments
included questions to evaluate whether participants thought their
awareness of patients at risk for developing a TMD or already
having TMD increased after module completion. All assessments
were completed via Google Forms, and the data was stored
on the facilitator’s Google Drive account. Matched quantitative
data were analyzed using paired t tests with a significance set
at p < .05. The Figure illustrates the curriculum structure and
implementation process. This project was certified exempt
by the Uniformed Services University of the Health Sciences

3 / 8US Government work in the public domain. This is an open-access publication distributed under the terms of the Creative Commons Public Domain Mark.

https://creativecommons.org/publicdomain/mark/1.0/


Figure. Flowchart illustrating the curriculum’s modular structure, implementation process, and assessment timeline. Abbreviations: MCQ, multiple-choice questions;
Surv, retrospective survey; Sim, simulation; Mod, module; TMD, temporomandibular disorders; Pathophys, pathophysiology.

Human Research Protection Program Institutional Review Board,
reference number 954299, on October 13, 2022.

Results

A total of 30 learners from multiple institutions throughout the
Department of Defense and the US Department of Veterans
Affairs participated. Learners encompassed a spectrum of health
professions: dentistry (DDS and DMD, n = 13), medicine (MD
and DO, n = 5), physical therapy (DPT, n = 5), physician assistant
(n = 4), and nursing (BSN and DNP, n = 3). There was a diverse
duration of professional experience: 17% (n = 5) of learners
recently graduated from professional school and had been
practicing for less than 1 year, 30% (n = 9) of learners had been
practicing between 1 and 5 years, 20% (n = 6) of learners had
been practicing between 6 to 10 years, and 33% (n = 10) of
learners had been practicing for over 10 years.

Response rates for both pre- and postmodule MCQ knowledge
checks, as well as postmodule retrospective surveys, were
100% (30 of 30) for each module. Analysis of matched MCQs
mean responses demonstrated a significant increase in learners’
knowledge following the completion of each module (Table 1),
characterized by predominantly large effect sizes (M = 2.9 vs.
M = 4.2, p < .001; Cohen’s d = 1.2). Similarly, matched
responses from the pre/post retrospective survey (Table 2)
indicated a significant enhancement in learners’ perceived
competence following each module, again with large effect
sizes (M = 1.9 vs. M = 3.4, p < .001; Cohen’s d = 2.1). The
consistently large effect sizes across the MCQs and surveys,
as evidence by Cohen’s d being higher than 0.8, demonstrated

that the change in knowledge and perceived confidence was
both functionally and statistically significant. Notably, module 3
exhibited a slightly smaller, yet still statistically and functionally
significant (M = 4.6 vs. M = 5.1, p = .01; Cohen’s d = .50),
difference in premodule versus postmodule MCQ scores
compared to other modules. This discrepancy likely stems from
the relative ease of the knowledge check questions in module
3, as evidenced by the higher premodule score compared to
the other modules. It could also be because many ICCs in this
study already had basic TMD diagnostic knowledge before
taking this module. Regardless, this small difference did not
impact the overall findings, as learners’ perceived competence
change remained substantial for module 3 (M = 1.8 vs. M = 3.3,
p < .001; Cohen’s d = 2.2), similar to the other three modules,
signifying learners’ perception of having little to no perceived
competence of this material before completing the module.

Furthermore, awareness of patients at risk for developing a
TMD or already having TMD notably increased postmodule
completion. Following module 1 (Appendix C), learners were
asked, “Based on the information in this module, do you believe
you have seen patients with risk factors for developing TMD
in your clinic that you previously did not realize you should
assess for?” (yes/no). Ninety-three percent (n = 28) responded
affirmatively. This likely indicates increased recognition of
TMD risk factors after exposure to TMD risk factor information.
Following modules 2 through 4 (Appendices D-F, respectively),
learners were asked, “Based on the information in this module,
do you believe you have seen patients with a TMD in your clinic
that you were unaware of?” (yes/no). Ninety-three percent
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Table 1. Mean Scores of Matched Learner Responses to Pre- and Postmodule MCQ Knowledge Checks
(N = 30)

Module
Premodule

Score M (SD)
Postmodule
Score M (SD) p

Effect Size
(Cohen’s d) 95% CI

1a 2.2 (1.3) 4.0 (1.1) <.001 1.6 (1.0-2.1)
2b 1.8 (1.1) 3.2 (1.1) <.001 1.3 (0.7-1.8)
3a 4.6 (1.2) 5.1 (0.8) .01 0.5 (0.0-1.0)
4b 3.0 (1.0) 4.3 (0.7) <.001 1.5 (1.0-2.1)

Abbreviation: MCQ, multiple-choice question.
aBased on six MCQs.
bBased on five MCQs.

(n = 28) responded affirmatively after module 2, and 90%
responded affirmatively after modules 3 and 4. This likely
indicates increased efficacy in recognizing patients with a TMD
after exposure to TMD assessment, TMD diagnostic, and TMD
management processes. Importantly, 100% (n = 30) of learners
responded affirmatively to at least one of these questions,
underscoring the tangible application of acquired knowledge
to clinical practice.

Discussion

Our team successfully developed and implemented an
engaging and interactive TMD curriculum, resulting in
substantial enhancements in both the knowledge and perceived
competence of learners across clinically relevant areas of TMD
pathophysiology, assessment, diagnosis, and management, as
evidenced by statistically significant findings with large effect
sizes. This improvement was demonstrated across a spectrum
of health professions (medicine, dentistry, physician assistant,
physical therapy, and nursing) that may act as the ICCs for
patients suffering from a TMD. Based on these positive findings,

ICCs should have a much better understanding of TMDs, as well
as their role in evaluating, managing, and appropriately referring
patients with a TMD. For patients, this should arguably lead to
increased access to care, improved outcomes, and decreased
risk of iatrogenic harm. For clinicians, this should likely lead to
improved confidence and increased satisfaction when treating
patients with a TMD.

At a policy level, our curriculum directly addresses NASEM
recommendation nine to improve education and training on
TMDs for health professionals at undergraduate, graduate,
postgraduate, and continuing education levels.3 Based on the
flexible nature of this brief, self-paced, online, no-cost curriculum,
educational institutions across the health professions have the
opportunity to download these materials and integrate them
into their curricular plan. Additionally, professional societies can
incorporate these materials into their learning management
platform and incentivize participation by offering continuing
education credits, thereby expanding the reach of these
important educational tools.

Table 2. Mean Scores of Matched Learner Responses to Pre- and Postmodule Retrospective Surveysa (N = 30)

Survey Item
Premodule

Scorea M (SD)
Postmodule

Scorea M (SD) p
Effect Size
(Cohen’s d) 95% CI

Module 1: Prevalence and impact of TMD 2.2 (0.9) 3.6 (0.5) <.001 2.0 (1.4-2.6)
Module 1: Normal TMJ and masticatory muscle function 2.5 (0.8) 3.5 (0.5) <.001 1.5 (0.9-2.0)
Module 1: Neuroanatomical and physiological factors related to TMDs 2.1 (0.7) 3.5 (0.6) <.001 2.2 (1.5-2.8)
Module 1: Common TMD comorbidities and risk factors 1.8 (0.8) 3.4 (0.5) <.001 2.5 (1.8-3.2)
Module 2: Performing a basic TMD screening in your clinical practice 1.8 (0.9) 3.3 (0.5) <.001 2.0 (1.4-2.6)
Module 2: How to take a TMD history 2.0 (0.8) 3.5 (0.6) <.001 2.1 (1.0-2.8)
Module 2: How to perform a TMD examination 1.9 (0.8) 3.3 (0.6) <.001 2.0 (1.4-2.6)
Module 2: When to order/perform appropriate diagnostic tests and images 1.8 (0.8) 3.3 (0.7) <.001 2.0 (1.4-2.6)
Module 2: Performing an auriculotemporal nerve block 1.4 (0.7) 3.1 (0.8) <.001 2.1 (1.5-2.8)
Module 3: Signs and symptoms of common arthrogenous TMD diagnoses 1.8 (0.8) 3.3 (0.5) <.001 2.2 (1.6-2.9)
Module 3: Signs and symptoms of common myogenous TMD diagnoses 1.9 (0.7) 3.4 (0.6) <.001 2.2 (1.5-2.8)
Module 3: Differentiate a true TMD versus a TMD mimicker 1.8 (0.7) 3.3 (0.6) <.001 2.3 (1.6-2.9)
Module 4: First-line TMD management strategies 2.0 (0.7) 3.5 (0.6) <.001 2.3 (1.6-2.9)
Module 4: Self-care TMD management strategies 2.1 (0.9) 3.5 (0.6) <.001 1.9 (1.3-2.5)
Module 4: Initial pharmacologic TMD management strategies 1.9 (0.7) 3.4 (0.7) <.001 2.1 (1.4-2.7)
Module 4: Appropriate referral sources for complex or secondary TMDs 2.0 (1.0) 3.5 (0.6) <.001 1.8 (1.2-2.4)

Abbreviations: TMD, temporomandibular disorders; TMJ, temporomandibular joints.
aRated on a 4-point Likert-like scale (1 = no knowledge, 2 = little knowledge, 3 = basic knowledge, 4 = very knowledgeable).
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Despite the success of this curriculum, we encountered several
challenges while developing and implementing this curriculum
that resulted in lessons learned that may help with future
iterations of implementation. First, using Google Classroom
LMS required that each learner had a Google account, and not
all potential learners wanted to create an account. Additionally,
Google Classroom did not provide an option to require learners
to complete the premodule MCQs before the module, and
therefore learners could have completed it after the module
to achieve a better score. Future implementation may be
improved by utilizing an LMS that learners already have access
to and that allows instructors more administrative controls. A
second challenge was encouraging learners to find time to
complete the course. Although the entire curriculum only took
approximately 5 hours to complete, learners typically had to
engage with materials after working hours. Therefore, some
learners delayed completion of the course due to competing
priorities. Future implementation may be enhanced by providing
learners a focused block of time to complete the curriculum
during working hours. A final challenge was collecting feedback
for future curriculum improvements. Although some learners
proactively contacted the course director via email or the chat
feature in Google Classroom to provide qualitative feedback,
there was no direct mechanism to collect curriculum feedback.
It may be beneficial to add a predesignated feedback collection
mechanism within the LMS during future implementation.

Several limitations to the evaluation of this curriculum exist.
Our sample size was small, and incorporating various health
professions further limited the amount of data collected from
each profession. Despite this small sample size, statistically and
functionally significant improvements were demonstrated for
all measures in each module. Another potential limitation is the
generalizability of the results, as all participants practice within
governmental health care (Department of Defense or Department
of Veterans Affairs). This limitation likely has little impact on the
generalizability though, as all learners completed their primary
health professions training (MD, DO, DDS, DMD, DPT, DNP) at
various civilian institutions before working for the government,
indicating that a lack of TMD education is not only found within
government health care. A further limitation is limited validity
and reliability evidence for the surveys utilized. An additional
limitation is that the evaluation was not able to assess for change
in clinical skill when evaluating, diagnosing, or managing a real
patient.

While online delivery was effective for increasing learner
knowledge and perceived competence, there may also be a

benefit to incorporating in-person activities for future curriculum
iterations. Small-group activities (described in Appendix A) may
support increased learning and interprofessional collaboration,
especially when working through the interactive cases in
Appendices E and F. Small-group interactions could also
provide learners the opportunity to practice delivering diagnosis
and management education to a colleague in a controlled
environment using the patient education tools (Appendix G)
before delivering the same information in a real clinical scenario.
There may also be benefit from incorporating hands-on
instruction. For example, the auriculotemporal nerve block
tutorial in module 2 (Appendix D) demonstrates how to perform
this important diagnostic injection, yet most clinicians have
never performed this injection and are apprehensive about
trying it for the first time. Additionally, performing a clinical
examination on a colleague may help reinforce muscle palpation
and mandibular range of motion measurement skills learned in
module 2 (Appendix D). A hybrid or fully in-person course would
allow learners to practice this skill under direct supervision and
ultimately increase their clinical armamentarium for improved
clinical care.

In conclusion, our curriculum represents a notable step forward
in addressing the educational gaps identified by the NASEM
regarding TMDs. Through a theory-informed, structured, and
interactive approach, our findings suggest a diverse group
of health professionals were successfully equipped with the
knowledge to better understand, assess, diagnose, and manage
patients with TMDs. This pioneering curriculum will help prepare
current and future ICCs to manage patients suffering from a TMD
and fill a much-needed gap in areas where demand outweighs
the availability of orofacial pain specialists.

Appendices

A. Facilitator Guide.docx

B. Learner Guide and Clinical Tools.pdf

C. Module 1 - TMD Pathophysiology.pptx

D. Module 2 - TMD Assessment.pptx

E. Module 3 - TMD Diagnosis.pptx

F. Module 4 - TMD Management.pptx

G. Sample Patient Education Tools.pptx

All appendices are peer reviewed as integral parts of the Original
Publication.
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