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Abstract

Objectives: Technology has substantial potential to transform and extend care for persons with
chronic pain, a burdensome and costly condition. To catalyze the development of impactful
applications of technology in this space, we developed the Pain Tech Landscape model (PTL),
which integrates pain care needs with characteristics of technological solutions.

Methods: Our interdisciplinary group representing experts in pain and human factors research
developed PTL through iterative discussions. To demonstrate one potential use of the model,

we apply data generated from a narrative review of selected pain and technology journals (2000—
2020) in the form of heat map overlays, to reveal where pain tech research attention has focused to
date.

Results: The PTL comprises three two-dimensional planes, with pain care needs on each x-axis
(measurement to management), and technology applications on the y-axes according to: a) user
agency (user- to system-driven), b) usage timeframe (temporary to lifelong), and c) collaboration
(single-user to collaborative). Heat maps show that existing applications reside primarily in

the “user-driven/management” quadrant (e.g., self-care apps). Examples of less developed areas
include artificial intelligence and internet of things (i.e., internet-linked household objects), and
collaborative/social tools for pain management.

Conclusion: Collaborative development between the pain and tech fields in early developmental
stages using the PTL as a common language could yield impactful solutions for chronic pain
management. The PTL could also be used to track developments in the field over time. We
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encourage periodic re-assessment and refinement of the PTL model, which can also be adapted to
other chronic conditions.
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Introduction

Technological developments — including machine learning/artificial intelligence, sensors,
and personal technologies such as smartphones—are reshaping the treatment of chronic
health conditions (1, 2). Care for individuals with chronic pain may particularly benefit from
this transformation. About one in five Americans lives with chronic pain, and nearly 1 in 10
experiences high-impact chronic pain that substantially disrupts their life or work activities
(3, 4). Health care costs related to chronic pain exceed $300B per year (5). Much of this
cost is driven by care for chronic low back pain, which is the leading cause of disability

in the U.S. and worldwide (6). Health care systems struggle to accommodate the needs of
individuals with chronic pain, and much pain care falls far short of the multidimensional,
biopsychosocial care that is considered optimal (5).

Technology (henceforth we use the blanket term “tech” to encompass mHealth/mobile
health, eHealth, digital health, and related terms) has substantial potential to enhance and
augment the care of this costly and often debilitating condition. Tech-based strategies

can broaden access and extend the capability of health care systems to provide pain care
(7), and equip individuals to be more capable self-managers of their conditions (8, 9).
Recent meta-analyses and systematic reviews have examined a variety of tech-based tools
to assess or treat pain in diverse populations and with varying pain diagnoses (7, 10-16).
These reviews conclude similarly that tech has potential to improve pain-related outcomes,
although methodological shortcomings such as lack of long-term follow-up are common,
and questions about what works best for whom remain largely unanswered.

To date, uptake of tech-based interventions for chronic pain and other chronic illnesses by
providers and health systems remains limited (17). Barriers to uptake have been identified,
from the perspective of patients (e.g., motivation, access, concerns about trustworthiness
and security), providers (e.g., familiarity, time constraints) and systems (e.g., integration,
reimbursement) (1, 18). Sustained engagement by users also remains an important challenge.
Consumer technologies show a high rate of abandonment in real world settings. Digital
health technologies are abandoned by approximately one third of users after three months
and by half of users after six months (19-21), and a quarter of mHealth apps are used only
once (22). In the context of pain research, tech-based interventions also show suboptimal
retention; for example, in one meta-analysis, internet-based cognitive-behavioral therapy
(CBT) had almost double the dropout rate of face-to-face CBT (23). Given the need for
sometimes lifelong management of chronic pain, it is critical to improve our understanding
of how engagement, either continuous or intermittent, in tech use can be maintained over
extended periods of time and how tech can adapt to the changing needs of patients living
with diverse pain conditions. A related issue, highlighted in a recent systematic review, is
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that tech tools developed via research for pain management seldom end up being available to
real-world users, given barriers to commercialization and other challenges to disseminating
the tools (24).

Early tech applications in chronic pain care often consisted of translating existing pain
management strategies to digital platforms (e.g., symptom tracking via a device instead of
on paper, CBT via mHealth/eHealth platforms). More recently, tech applications in pain
care have leveraged new capabilities that include machine learning (25), chatbots (26, 27),
gamification, environmental and physiological sensing, virtual reality environments (28) and
ongoing assessment-intervention loops that deliver just-in-time assistance. While promising,
more research needs to be done on these newer technologies to establish a solid evidence
base for their use in pain care. For example, machine learning (ML) has been used most
often for classification or diagnosis of patients with pain yet there are still relatively few
trials of ML-guided pain treatments, including behavioral or psychosocial (29) Chatbots, or
digital conversational agents, have been used fairly extensively in depression and anxiety
treatment, but rarely for psychological treatments for pain. (30, 31) While some sensor
technologies, such as activity trackers, are now a standard component of many cognitive-
behavioral pain interventions, other sensor applications, such as pain assessment, are still in
their infancy. (32)

Although the evidence base for any given technology takes time to develop, current trends
in technological innovation and consumer use suggest that we are on the cusp of a rapid
acceleration of tech options for pain care. For example, passive monitors (wearables) are
becoming more ubiquitous and accurate, offering opportunities to measure a broader array
of behavioral and physiological states. Low-cost virtual reality (VR) hardware for use

at home, including devices that can be used with smartphones, are now available (28,
33-35), enable new opportunities for social distraction and support (36), and at least one
VR treatment for pain has been approved as a digital therapeutic by the Food & Drug
Administration (37). Artificial intelligence (Al) is increasingly being employed in pain
research, diagnosis, and personalized treatment. Examples include applying ML on brain
imaging data to predict aspects of pain perception (38), developing classification techniques
to accurately distinguish MRI-based brain biomarkers of chronic pain patients (39), and
using computer vision to detect pain-related affect (40) or facial expressions (41) trained on
datasets like EmoPain (42). Al models have also been trained to generate user-specific pain
self-management recommendations delivered through smartphones (43) and to recognize
pain-related behaviors in smart homes (i.e., homes with internet-enabled features that can
be controlled remotely) (44). Létsch and Ultsch (45) provide a review of pain research
involving ML and point to the continued application of intelligent technology in this area.

Despite this rising wave of innovation, we were not able to identify any existing conceptual
framework or model linking technology and pain care. A shared framework could provide
a common language for pain researchers and tech developers that could spark innovation

in pain tech design and applications, ultimately leading to greater use and impact of tech
for pain treatment. To this end, we present a novel framework, the Pain Tech Landscape
(PTL), which overlays pain care activities with characteristics of tech tools. In order to
illustrate one potential application of PTL, we conduct and apply results from a narrative
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review of leading pain and tech journals in the form of “heat map” overlays to depict in
these two dimensional spaces where research attention on tech for pain care has focused to
date, highlighting opportunities for future innovation. We conclude by suggesting additional
applications for the PTL and briefly summarize key ethical issues to keep in mind when
developing new, tech-based methods to relieve the suffering of people living with persistent
pain.

Core principles of chronic pain management

New applications of tech should align with current best practices for pain care (46). As
these were considered in the development of the PTL and to provide context for non-pain
researchers, we briefly summarize them here. Chronic pain care should be individualized
and patient-centered, in a manner that fosters a strong therapeutic alliance with a clinician.
Thus, mHealth apps and other tech strategies must incorporate input from key user groups
throughout the development and implementation process. A multimodal/multidisciplinary
approach based on the biopsychosocial model of care is recommended, including
medications (when they outweigh risks), restorative therapies (PT/OT), interventional
approaches, behavioral approaches, and complementary and integrative health approaches.
Treatment outcomes should focus on quality of life, improved functionality, and activities
of daily living, and tech applications can standardize and automate quantification and
monitoring of these outcomes. As an often-lifelong condition, chronic pain requires
management approaches that can be integrated into the lives of affected individuals,
highlighting the need to incorporate methods that promote sustained use over time.

Given the importance of integrated, patient-centered, multimodal pain care models (5), it
is important to consider how tech can support the incorporation of the key components

of such models in the primary care setting, where most people receive pain care. These
include (47): enhanced provider education and decision support (e.g., tech can facilitate
efficient provision of patient-reported information to providers for use at the point of care);
care coordination (e.g., tech can be useful as a surrogate electronic health record carried
by the patient); patient education and activation (e.g., tech is particularly suited for “just in
time” education and support); and increased access to multimodal care. Emerging research
is also establishing the importance of considering and positively shaping the mindset of
patients with chronic pain regarding perceptions of physical activity levels and symptom
management strategies (48, 49). Finally, because chronic pain is often accompanied by co-
occurring problems such as depression, fatigue, and cognitive dysfunction (50), developers
should also consider how their solutions can accommodate or target symptoms of these
comorbidities.

The Pain Tech Landscape (PTL) model

We propose that pain researchers and technology developers could benefit from using
dimensional models of pain tech, wherein key treatment activities and care stages are
reflected by spectra that overlap with the functionality and use case(s) that a piece of
technology targets. To this end, our interdisciplinary group representing experts in pain
and human factors research developed the Pain Tech Landscape (PTL) model through a
series of iterative discussions. Prior work has similarly offered design dimensions as a
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way to organize and navigate the range of capabilities offered by emerging technology

(51, 52), though such characterizations have been geared towards general personal health
informatics tools and/or dimensions specific to intervention and behavior change. We have
also been inspired by recent conceptual frameworks, including lived informatics (53) and
practice-based models of eHealth (54, 55) that conceptualize digital technology in terms of
functionality that can support health tracking, communication, decision-making, and action.
We build on these prior frameworks to offer a conceptual schema that characterizes a life
cycle of assessment, treatment, and ongoing care, tailored to the pain context.

Central to the PTL (see Figure 1) is a measurement—management x-axis, given that
measurement, in the form of pain and functional assessment, typically precedes and
influences management strategies (though we note that in practice, pain measurement/
assessment and management are iterative and mutually informing). Measurement refers to
approaches and tools used to collect and evaluate health indicators and other information
relevant to an individual’s pain status and outcomes. Management refers to treatment-
oriented interventions, therapies, and other care activities that aim to promote pain relief
and improved functioning.

We then offer three intersecting dimensions that we believe are critical factors to consider
with respect to tech-based applications in pain care (see Figure 1). These include: 1) the
degree of human agency vs. automation-supported; 2) the anticipated timeframe over which
the technology will be used; and 3) the degree of independent vs. collaborative use of the
tool. We see these as three core aspects of pain care that tech developers must consider;
however, they are not intended to be exhaustive, and we encourage other researchers

to identify additional relevant dimensions. To highlight specific pain care activities (and
corresponding tech use cases), our graphical representation includes labels within each grid
quadrant. Next, we describe each of these sectors, providing illustrative examples of recent
pain tech applications.

Human Agency: Tech-augmented measurement and management can vary from agentic,
user-driven interactions to largely automated, tech-driven functionality. For example, manual
measurement involves subjective self-reports from a patient or proxy using an interactive
interface such as an Ecological Momentary Assessment (EMA) tool, while passive
monitoring that leverages sensors off, on, or in the body is more tech-driven measurement.
Similarly, tech-driven management is largely prescriptive, instructing a user to do something
(e.g., “take your pain medication now) and/or simply intervening on the user’s behalf (e.g.,
alerting a pain care team if a fall has been detected after initiating a pain medication that has
fall risk as a side effect).

Anticipated Timeframe: Some tech tools are deliberately designed for temporary use.
For example, tech might be utilized for one-time assessments that employ ML at the
clinic (e.g., to detect pain-related biomarkers in the brain (39) from an MRI scan captured
upon patient intake) or leverage inertial sensors in a personal wearable or smartphone
device available at home (e.g., to perform a forward flexion test to confirm a diagnosis
when a person is unable to travel to visit a trained examiner). Similarly, shorter-term tech
applications might be intended for use only until the user reaches a specific goal (e.g.,
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a tool that delivers a rehabilitative treatment course until pain subsides, or that guides
self-experimentation activities to help a user discover pain triggers). However, patients with
chronic pain may benefit from tools that they can employ, intermittently or continuously,
over time to monitor and/or manage their condition over months, years, or even lifelong. In
these situations, tech would need to be designed to promote sustained adherence over time.
More passive and automated measurement and management may therefore be welcomed

in such circumstances, which also highlights one of many ways that the three (agency/time/
collaborative) dimensions naturally and effectively overlap.

Collaboration: Finally, pain management can be more or less collaborative, with more
“solo” technology interfacing with only the individual as part of independent self-reporting
and self-care, while more social tech could engage informal and formal care teams as part
of monitoring an individual’s condition or might connect an individual with social networks
such as online forums for support or group-based physical therapy sessions.

To facilitate collaboration between pain and tech researchers using the PTL as a meeting
point, we describe classes of potential tech applications for pain in Table 1 and provide
brief examples of how tech has already—or might in the near future—be applied to

support an individual’s pain care needs. This categorization scheme can aid pain researchers
and technology developers in making sense of the evolving landscape of technological
development that can be applied to pain care. We note that this summary represents the
current state of tech development. In the future, new tools will be developed and new
combinations of existing tools will be integrated to support the broader pain measurement
and management lifecycle.

The PTL’s dimensions, together with the classes and examples presented in Table 1, aim to
clarify a variety of appropriate and feasible ways to apply specific technologies to specific
research and treatment needs. Our hope is that users and developers will find this schema
and related examples helpful as they continue to leverage tech in innovative ways to enhance
the assessment and management of chronic pain.

Using the PTL to map existing applications of pain tech and identify gaps

To demonstrate one potential “use case” for this new model—i.e., illustrating areas on

the two-dimensional grids with prior research attention as well as gaps that may represent
opportunities for new design and implementation --we conducted an informal narrative
review of selected journals and proceedings, using the PTL to visually represent our
findings. Our goal was not to conduct a formal or exhaustive review, as there are a

number of high-quality existing systematic reviews and meta-analyses on tech for pain,

as noted above. Rather, we sought to characterize general directions in research on pain
tech as reflected in articles published in several specific high-profile pain and tech journals/
conference proceedings over the last 20 years. We chose this strategy because publication in
one of these prestigious venues indicates a certain degree of rigor and acceptance into the
mainstream.
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Methods: Review of leading pain journals, tech journals and flagship conference
proceedings

We manually reviewed the Tables of Contents of all issues of the pain-focused journals Pain
and the Journal of Pain published between 2000 and 2020, labeling in a spreadsheet tech-
focused articles (whether an original research article or review) with the class of technology
(see Table 1) that was the topic of the article. Because of our manual search approach

for these two pain-focused journals, we did not employ search terms or use a publication
database. We then reviewed the list, looking at the relative prevalence of each category
overall and over each five year period. To characterize work from technology-focused
research communities, we similarly retrieved and labeled pain-related papers published
between 2000 and 2020 in the prominent publishing outlets on human-centered systems.
Specific outlets included the conference on Human Factors in Computing Systems (CHI),
Journal of Medical Internet Research (JMIR), and Interactive, Mobile, Wearable and
Ubiquitous Technologies (IMWUT/UbiComp), and other technical venues (e.g., Institute

of Electrical and Electronics Engineers (IEEE), Pervasive Health, and Tangible Embedded
and Embodied Interaction (TEI)) that emphasize applications in health including pain.
Because hundreds of papers appear in these conferences every year, the Association for
Computing Machinery (ACM) Digital Library and the online database for non-ACM venue
were searched using the keyword “pain”. Titles and abstracts of returned papers were
manually reviewed to verify relevance to pain tech, and then labeling was conducted similar
to the process performed for the pain-focused journal articles.

These steps were conducted independently by two reviewers (MJ, EM) and any
discrepancies in classification were discussed and resolved. Our final step was to
collaboratively review the findings from both pain and tech publications, to use as a
springboard for discussion of observed trends and concentrations, agreed on by the
interdisciplinary group of authors. These recognized concentrations were then applied to
creating the heat maps, described below, using a tool called Heatmapper (56). This approach
provides an at-a-glance impression of emphasized vs. underserved areas in pain tech over
the last two decades.

Results

Figure 2 illustrates the heatmap representation of the research trends we observed overlaid
on the three PTL grids, with deeper, red coloring indicating a larger number of published
papers and lighter, purple coloring indicating fewer publications related to that particular
topic. Generally, the Human Agency PTL grid shows that user-driven applications are
considerably more prominent in the literature than tech-driven, on both measurement (e.g.,
Ecological Momentary Assessment or EMA) and management (e.g., e-learning) sides of
pain care. The Use Timeframe PTL grid shows that most research attention has been in
longer-term measurement of pain-related phenomena (vs. temporary or one-off); a common
example is wearables/sensors. Finally the Collaborative Engagement PTL grid shows that
there has been relatively little development in the social/collaborative space; for tech that
involves only one user, approximately an equal amount of attention has been given to the
management and measurement aspects of pain care.
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Put in terms of specific tools, some research waves over this time period are particularly
notable. First, in tandem with the growing ubiquity of personal mobile devices/smartphones,
our analysis of the data documents a heavy focus in tech journals and proceedings from
approximately 2011 to 2015 on transitioning traditional paper-based instruments to a
smartphone/wireless device interface, together with some effort to digitally connect users
with therapists, skill-building information, or other basic resources to aid self-management.
From 2016 to 2020, our review highlights more recent explorations into the design of:
emerging self-reporting modalities (e.g., tangible interfaces — i.e., devices a user interacts
with via touch, or VR-based body maps to express pain in more immersive and embodied
ways, the investigation of patients’ use of social media as part of coping, and the application
of ML to diagnose pain as well as enhance fundamental understanding of pain mechanisms
(though these pain-centered efforts tend to reflect and leverage the mainstream appearance
and adoption of such technologies). In the pain journals, the majority of tech-focused articles
over the last 20 years have addressed e-learning (i.e., educational or support strategies
delivered by electronic means; usually internet or app-based); and ecological momentary
assessments/self-reporting (for tracking pain and other symptoms). The next most common
tech focus has been VR, and, in the last 5 years of the period under review, ML/A.

Discussion

Our review highlights how prior work has largely focused on the measurement (vs.
management) side of pain care, as well as more reflective vs. prescriptive forms of
management, which we believe is due to researchers erring on the side of do-no-harm
applications, as the pain tech field continues to emerge. Based on projections regarding
technology trends that will define the next decade, we expect to see an emphasis on
pain-centered technologies that support more artificially intelligent functionality, robotics,
and augmented reality experiences. We also anticipate applications that fit into Internet

of Things (1oT) (i.e., internet-enabled household objects) and other ecosystems of devices
(e.g., especially wearables and speech interfaces). We foresee the integration of multiple
classes of technology into closed-loop systems for monitoring and intervention, which
can adaptively deliver treatments tailored in response to a user’s captured data. An
example is smart environmental spaces that can leverage a variety of sensors and deliver
multimodal, personal, and/or social oriented care as needed (with the latter being a notable
underdeveloped area according to our Collaborative Engagement heatmap).

Finally, novel tech applications may benefit not only care for pain, but also the science
around pain. For example, the development of digital biomarkers (i.e., behavioral or
physiological data from wearable or other sensors) for subjectively experienced symptoms
such as pain intensity, could lead to a deeper basic understanding of pain as a complex
physiological, neurological, and psychosocial phenomenon. Further, though our focus is on
characterizing pain tech from a functionality standpoint (e.g., capable of assisting with the
measurement and/or management of pain), the fact that our review surfaced less than 5
papers involving randomized controlled trials (RCTSs) also highlights a need for pain tech
researchers to engage in more rigorous evaluations of these tools.
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Conclusions and Future Directions

Effective management of chronic pain remains a major challenge for patients, providers,

and health systems. Tech brings the possibility that pain care (including supporting self-
management) can be provided in new, better, and more accessible ways. We maintain

that more deliberate collaborations between pain researchers, technologists, and other
stakeholders could enhance the efficacy and uptake of tech applications to the pain care
space. Our novel framework, the Pain Tech Landscape (PTL), represents a potentially
valuable tool for stakeholders from diverse disciplines to use as a common reference point to
understand needs and functionality from both the technology and pain care perspectives, and
as such may facilitate cross-disciplinary discussions and planning.

We suggest that this framework could also be used to track developments in the field over
time, and we encourage periodic re-assessment and refinement of the PTL model. Other
potential uses of the model include tracking where evidence of efficacy is strongest, or
where adoption/uptake greatest. We look forward to expansion of the model from the pain
research and technology development communities, as it is intended as a foundation for a
shared, standardized conceptualization that can be used to both situate and guide future work
in the pain tech space.

While not directly addressed in the PTL framework, we would be remiss not to mention
that attention to ethics, access, and potential bias is paramount when developing new tech
applications and when planning studies. First, tech applications for health are a potential
threat to privacy and autonomy, particularly with respect to continuous sensing technologies
and connection to the internet of things. Second, while tech has the potential to broaden
access to high-quality pain care among minoritized and marginalized populations, it also
poses potential dangers to these groups. One of these is that groups that historically have
been made vulnerable will be excluded from advances in pain tech where a digital divide
still exists or where costly new tech is needed for a given pain care application. Another
major concern is that pain tech devices and decision-making algorithms will have “built
in” biases such that they do not perform as well in historically excluded groups, and

may place these groups at greater risk of harm (in an example from outside of pain care,
pulse oximeters yield biased results when used on darker skin, leading to poorer clinical
care; 57). Al models in health care tend to be trained using data from dominant groups
that do not reflect the diversity of the populations in which these models may ultimately
be used, limiting their utility (58). External validation of new Al tools with data from
diverse populations is therefore an essential step (58). Additionally, pain researchers and
technologists who are training Al algorithms should, where possible, use data sets that are
either publicly available, or provide a detailed report on the characteristics of the population
from whom the training data was collected, so that any potential limitations and biases are
made evident to future users (59).

Further, many existing tech applications for pain are not optimized for use by vulnerable
populations; e.g., older adults have barriers to using some tech tools (60), although design
guidelines are emerging on how to address these challenges (60) and creative solutions
have been implemented for offering tech support to patients in the clinical setting (2). It
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is also imperative that individuals living with chronic pain and other community-based
partners, particularly those from historically underrepresented groups, are engaged in

the tech development process. A growing literature has addressed issues of ethics and
equity in tech for health care; see Bauer & Lizotte (61) for an in-depth discussion of an
intersectional approach to fairness, accountability, transparency and ethnics (FATE) in Al
Owens & Walker (62) for discussion of making algorithms anti-racist; and Sim (1) for a
comprehensive examination of ethical issues and potential harms in mobile health.

As a final note, while this paper has discussed chronic pain in a disease-agnostic way, it is
possible that specific technologies may be more or less helpful for different pain conditions
(e.g., sickle cell, fibromyalgia), and that future tech solutions can leverage the growing
understanding of the mechanisms underlying specific pain conditions. Similarly, the PTL
could be applied, with some modifications, to other chronic health conditions for which
digital solutions can promote patient engagement and better clinical care in an accessible
way, furthering tech’s potential to substantially benefit public health.
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A graphical representation of the Pain Tech Landscape (PTL) model, which aims to bridge
pain and tech disciplines by characterizing key activities and stages of pain management
in terms of design dimensions, functional requirements, and use cases that tech-based

applications can support.
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Figure 2:
Heatmap depictions of the areas where the literature on pain tech has focused more (red) or

less (purple) attention over the last 20 years.
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Table 1:

Classification of Tech Tools and Applications to Pain Care

CLASSES/TYPES OF TECHNOLOG

PAIN CARE APPLICATIONS AND PTL-INSPIRED USE CASES

Artificial intelligence (Al)
. Machine learning (ML)

. Computer vision (CV)

Automated detection of neural pain markers, inference of acute pain incidents
(e.g., bracing/grimace detection), and adaptive therapeutic recommendations

Big data/data analytics/data mining/data science

Observational studies that surface trends in wide-scale pain prevalence, effects
and complications of pain treatments, and other pain-relevant public health
metrics (e.g., burden of disease)

Self-monitoring tools/apps (small data, self-
experimentation)

Self-tracking and analysis to identify personal factors that may improve or
worsen symptoms

Pervasive/ubiquitous sensing

. Smartphone/mobile sensing

. Environmental sensors

. Wearable sensors (clip-on, e-textiles built
into fabric, ingestibles- and implantables—
on/in/off body)

Can be used to track activity or physiological parameters related to pain

(e.g., continuous passive monitoring to detect pain attacks, falls, and motion
impairments) as well as to trigger just-in-time adaptive interventions (JITAI) or
optimally release medication

Interactive interfaces
Self-(or proxy) report (prompted--EMA, IVR--or episodic
reporting)

Can provide frequent, in-context, real-time data on subjective symptoms (pain,
fatigue) and mood states, which can supplement retrospective assessments during
clinical visits, as well as offer user-facing alerts (e.g., treatment or appointment
reminders) and informatics (e.g., visualizations, reports, dashboards) to aid self-
awareness and self-care

Extended reality (XR)

. VR

. Social VR

. Augmented reality
. Mixed reality

Can implement existing or novel behavioral and rehabilitative interventions such
as augmented cognitive-behavioral therapy, VR for management of procedure-
related acute pain, and XR gaming for rehabilitation and sensory retraining.

Computer-mediated human-to-human communication
(CMC)

. Social networks/social media
. SMS, email, telephone-based
. Videoconferencing

Can be integrated into multimodal chronic pain interventions (e.g., use of

SMS to prompt adaptive behaviors; intermittent phone or video therapy
sessions) to promote increased engagement, participation and outcomes and/or
to complement other tech-based interventions (e.g., use of online, phone or video
delivered “coaching”; use of social media peer-support groups).

Speech technologies
. Chatbot

. Voice assistant/smart speaker

Can provide automated instruction or feedback to individuals for psychosocial
support and education to facilitate effective pain self-management.

Games (exergames, serious games)

“Serious”, or therapeutic, games can provide support, motivation, and skills
training for pain self-management. Games for entertainment can provide
distraction from pain. Exergames can help increase physical activity

E-learning (includes web-or mobile-based learning
platforms)

Can be used to teach self-management strategies to individuals living with pain,
or to providers for their treatment of patients with pain.
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