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During the early days of chronic pain management, there was a reliance on the use of opioids with a significant increase
in opioid prescriptions by physicians in the 1990s and early 2000s." Opioids can and should be utilized to treat pain in the
appropriate patient populations and situations, however, due to the initial consequences of the prior boom in opioid use to
treat pain there has been resultant decrease in opioid prescription.' This decrease in opioid prescriptions and availability
have inspired innovators in the field of pain medicine to develop new modalities and procedures that more effectively
target a patient’s pain generator. The vital task now with the abundance of newer technologies for chronic pain
management is to properly educate the next generation of pain physicians on the benefits and risks of these technologies
and more clearly define which therapies are evidence-based.

One such innovation being utilized to combat chronic pain is virtual reality (VR) which provides us with a treatment
for chronic pain via modalities such as distraction, neural reprocessing, and mindfulness training.>* The distraction
element of VR functions by treating pain via reduction of the subjective sensation of pain by redirecting the user’s
attention away from the pain.”> Although this modality has already been employed for treating acute and post-surgical
pain, it has shown promising results in managing chronic pain conditions.>* As a non-invasive and non-pharmacological
approach, it may help tackle the complex challenges of chronic pain, offering a potential pathway to enhance patient
outcomes and improve quality of life.” Given its high prevalence and significant public health impact, chronic low back
pain is currently the most extensively studied chronic pain condition in the field of VR applications.” Current data show
VR not only has a significant impact on alleviating chronic low back pain, with patients reporting reductions of 2.0 points
on the NRS in some studies, but it can also impact secondary outcomes that have major impact on a patient’s quality of
life.>* Furthermore, some VR technologies have demonstrated a comparable analgesic effect to opioid medications
which is extraordinarily impactful as it is being shown to have efficacy without having significant side effects, medication
interactions, and being available for patient use at home.” These findings highlight the potential of VR as
a groundbreaking tool in the management of chronic pain, and innovators are working to integrate it into other modalities
to increase the efficacy. Furthermore, via the use of augmented reality (AR), there is the possibility to have a real-time
overlay over what the user experiences in the real world. Thus, patients, who otherwise may not be able to go to
a physical appointment or live a considerable distance from a healthcare center can have a higher quality form of
telehealth.® Lastly, there has been sparked interest in using VR to treat nociplastic pain, a type of pain that arises from
altered nociception causing the activation of peripheral nociceptors, despite no clear evidence of actual or threatened
tissue damage or evidence for disease or lesion of the somatosensory system causing pain. Through the use of VR-based
interventions, there is evidence of neuroplastic changes in the sensory and motor regions of the brain resulting in adaptive
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cortical reorganization induced by consistent use of VR therapies.” VR may not only be considered a modality for gamers
but may be a well-needed treatment for chronic pain patients.

A second innovation is wearable medical technology that can assist patients living with chronic pain. The documented
willingness of chronic pain patients to use wearable medical technology for extended periods has sparked significant
growth in this field.® Through wearables, particularly those taking advantage of existing of VR programs, one can
enhance the use of VR and telemedicine by tracking a wide variety of factors ranging from vitals to complex
physiological signals that may have a profound impact on patients’ pain as well as their function.® By closely monitoring
the data on applications built into wearable technology, one may be able to find new physiologic data that correlates with
patients’ pain. Beyond providing researchers and physicians with valuable information, wearables are already being
shown to provide patients with secondary benefits. When chronic pain patients utilize a wearable medical technology,
such as a smartphone or smartwatch that uses an integrated application to measure pain via a surrogate measure, these
patients have been shown to have a significant decrease in depression.® Patients were also found to decrease the use of
opioid medications.® Wearable medical technologies not only offer valuable insights for healthcare professionals but also
provide significant therapeutic benefits for chronic pain patients, making it a promising tool in the management of pain
and associated conditions.

Artificial intelligence (AI) has become another revolutionary innovation in the treatment of chronic pain. This
emerging area technology makes use of computational algorithms to organize, predict, and/or influence future behaviors
or outcomes.’ Utilizing Al also can affect how we use VR and process wearable data as these programs could be trained
to alter the VR environment in real time by having an Al avatar engage the users and processing wearable data to adjust
said environments. Furthermore, via machine learning, data mining, and natural language processing, all of which takes
advantage of Al, studies have shown an aptitude to improve our ability to effectively recognitive our patients’ pain.®
Beyond this, AI has even been shown to have improving capabilities to predict patient’s pain.®

This predictive ability can be a powerful tool in the setting of neuromodulation. Neuromodulation is rapidly
expanding modality that refers to the process of regulating or altering nerve activity by delivering electrical or
pharmaceutical agents directly to a target area. While much of the underlying mechanism behind its treatment effect
remains largely unknown, the gate control theory proposed by Melzack and Wall in the 1960s, likely plays a critical role
in its efficacy.”' By integrating Al into neuromodulation, data collection and monitoring phases of neuromodulation can
be enhanced, allowing for opportunities to significantly improve outcomes for chronic pain patients.'' This integration is
paramount as there is higher patient satisfaction, improved pain control, and reduced caretaker burden amongst patients
undergoing neuromodulation that are taking place in remote monitoring.'> However, given the current state of Al
technology requiring higher computing power and energy requirements, the ability to apply Al currently is limited in the
setting of neuromodulation. One solution is utilizing the cloud to handle these complex operations while sending the data
back to the cloud-connecting neuromodulation device with the hopes of one day freeing the user and setting the
neuromodulation device on autopilot.'> These future capabilities may then allow the device to adapt to the patient’s
pain and potentially predict pain.

Aside from taking advantage of new technology and the numerous novel medications in development such as sodium
channel blockers, peptides, and cannabinoids, there has been a recent renewed interest in psychedelics as a method for
treating pain.'>'* Previous studies on the therapeutic benefits of psychedelics have largely focused on psychiatric
conditions, as studies had demonstrated that psychedelic serotonergic agonists, such as psilocybin and lysergic acid
diethylamide, can provide long-lasting benefits for refractory depression, end-of-life anxiety, and addiction when given in
hallucinogenic doses alongside psychotherapy.'> !” While the method in which psychedelics treat pain is not completely
understood, the proposed mechanism involves serotonin 2A (5-HT,,) receptor agonism resulting in “reset” of regions of
functional connectivity (FC) in the brain that are crucial in many central neuropathic conditions.'>'® Over the past 50
years there have been reports that have shown possible analgesic benefit of psychedelics in the treatment of cancer pain,
phantom limb pain, and cluster headaches.'®'® These preliminary studies have resulted in significant interest in research
in the effect of psychedelics on chronic pain conditions. While this research is still developing, there have already been
recent studies and case series that have shown promise in psychedelics being potentially effective therapy for difficult to
treat conditions, such as fibromyalgia and neuropathic pain.'>'® At this time further research is needed to better
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understand the role psychedelics can have in treating chronic pain but early research shows promise in potentially being
a future pain medication.

The current field of pain medicine exists in an incredible era such that we have other modalities, VR, wearable
technology, Al, cloud-computing, and psychedelics, that may one day bring relief to hundreds of millions across the
globe. These modalities may have a synergistic effect when integrated together; however, despite the wave of new
modalities, educating the next generation will require a shift in the pain medicine education paradigm. Going forward, it
will soon become vital for trainees to experience these modalities during training to have a comprehensive toolkit to treat
their patients. With continued advancements at the recent accelerated pace, these innovative technologies may one day
also be used to provide adaptive, novel ways to educate those entering and those currently in the field of pain medicine.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Disclosure

CLR is a consultant for Augmend Health. GLB reported personal fees from Abbott and Stryker. MSc is a senior medical
advisor for Apurano Pharma, outside the submitted work. TE has stock in Vanish Therapeutics. The authors report no
other conflicts of interest in this work.

References

—

. Ball SJ, Simpson K, Zhang J, et al. High-Risk Opioid Prescribing Trends: Prescription Drug Monitoring Program Data From 2010 to 2018. J Public
Health Manag Pract. 2021;27(4):379-384. doi:10.1097/PHH.0000000000001203
2. Moreau S, Thérond A, Cerda IH, et al. Virtual Reality in Acute and Chronic Pain Medicine: An Updated Review. Curr Pain Headache Rep. 2024.
doi:10.1007/S11916-024-01246-2
. Cerda IH, Therond A, Moreau S, et al. Telehealth and Virtual Reality Technologies in Chronic Pain Management: A Narrative Review. Curr Pain
Headache Rep. 2024;28(3):83-94. doi:10.1007/511916-023-01205-3
4. Lier EJ, De Vries M, Steggink EM, Ten Broek RPG, Van Goor H. Effect modifiers of virtual reality in pain management: a systematic review and
meta-regression analysis. Pain. 2023;164(8):1658-1665. doi:10.1097/j.pain.0000000000002883
. Guerra-Armas J, Flores-Cortes M, Pineda-Galan C, Luque-Suarez A, La Touche R. Role of Immersive Virtual Reality in Motor Behaviour
Decision-Making in Chronic Pain Patients. Brain Sci. 2023;13(4):617. doi:10.3390/brainscil3040617
6. Han JJ, Graham JH, Snyder DI, Alfieri T. Long-term Use of Wearable Health Technology by Chronic Pain Patients. Clin J Pain. 2022;38
(12):701-710. doi:10.1097/AJP.0000000000001076
7. Robinson CL, D’Souza R, Yazdi C, et al. Reviewing the Potential Role of Artificial Intelligence in Delivering Personalized and Interactive Pain
Medicine Education for Chronic Pain Patients. J Pain Res. 2024;17:923-929. do0i:10.2147/JPR.S439452
. Zhang M, Zhu L, Lin S-Y, et al. Using artificial intelligence to improve pain assessment and pain management: a scoping review. J Am Med Inform
Assoc. 2023;30(3):570-587. doi:10.1093/jamia/ocac23 1
9. Ong Sio LC, Hom B, Garg S, Abd-Elsayed A. Mechanism of Action of Peripheral Nerve Stimulation for Chronic Pain: A Narrative Review.
Int J Mol Sci. 2023;24(5):4540. doi:10.3390/ijms24054540
10. Knotkova H, Hamani C, Sivanesan E, et al. Neuromodulation for chronic pain. Lancet. 2021;397(10289):2111-2124. doi:10.1016/S0140-6736(21)
00794-7
. Ponce H, Martinez-Villasefior L, Chen Y. Editorial: Artificial intelligence in brain-computer interfaces and neuroimaging for neuromodulation and
neurofeedback. Front Neurosci. 2022;16. doi:10.3389/fnins.2022.974269
12. Zhong T, William HM, Jin MY, Abd-Elsayed A. A Review of Remote Monitoring in Neuromodulation for Chronic Pain Management. Curr Pain
Headache Rep. 2024. doi:10.1007/S11916-024-01302-X
13. Strand N, D’Souza RS, Karri J, et al. Medical Cannabis: A Review from the American Society of Pain and Neuroscience. J Pain Res.
2023;16:4217-4228. doi:10.2147/JPR.S425862
14. Kaye AD, Greene DR, Nguyen C, et al. Emerging Medications and Strategies in Acute Pain Management: Evolving Role of Novel Sodium and
Calcium Channel Blockers, Peptide-Based Pharmacologic Drugs, and Non-Medicinal Methods. Curr Pain Headache Rep. 2024. doi:10.1007/
S11916-024-01265-Z
15. Lyes M, Yang KH, Castellanos J, Furnish T. Microdosing psilocybin for chronic pain: a case series. Pain. 2023;164(4):698—702. doi:10.1097/.
pain.0000000000002778
16. Goodwin GM, Aaronson ST, Alvarez O, et al. Single-Dose Psilocybin for a Treatment-Resistant Episode of Major Depression. N Engl J Med.
2022;387(18):1637-1648. doi:10.1056/NEJMo0a2206443
17. Raison CL, Sanacora G, Woolley J, et al. Single-Dose Psilocybin Treatment for Major Depressive Disorder: A Randomized Clinical Trial. JAMA.
2023;330(9):843-853. doi:10.1001/jama.2023.14530

w

W

o]

—_—
—_

Journal of Pain Research 2024:17 hetps: 2835

Dove:


https://doi.org/10.1097/PHH.0000000000001203
https://doi.org/10.1007/S11916-024-01246-2
https://doi.org/10.1007/s11916-023-01205-3
https://doi.org/10.1097/j.pain.0000000000002883
https://doi.org/10.3390/brainsci13040617
https://doi.org/10.1097/AJP.0000000000001076
https://doi.org/10.2147/JPR.S439452
https://doi.org/10.1093/jamia/ocac231
https://doi.org/10.3390/ijms24054540
https://doi.org/10.1016/S0140-6736(21)00794-7
https://doi.org/10.1016/S0140-6736(21)00794-7
https://doi.org/10.3389/fnins.2022.974269
https://doi.org/10.1007/S11916-024-01302-X
https://doi.org/10.2147/JPR.S425862
https://doi.org/10.1007/S11916-024-01265-Z
https://doi.org/10.1007/S11916-024-01265-Z
https://doi.org/10.1097/j.pain.0000000000002778
https://doi.org/10.1097/j.pain.0000000000002778
https://doi.org/10.1056/NEJMoa2206443
https://doi.org/10.1001/jama.2023.14530
https://www.dovepress.com
https://www.dovepress.com

Slitzky et al Dove

18. Robinson CL, Fonseca A, Diejomaoh E, et al. Scoping Review: The Role of Psychedelics in the Management of Chronic Pain. J Pain Res.
2024;17:965-973. doi:10.2147/JPR.S439348

19. Castellanos JP, Woolley C, Bruno KA, et al. Chronic pain and psychedelics: a review and proposed mechanism of action. Reg Anesth Pain Med.
2020;45(7):486-494. doi:10.1136/rapm-2020-101273

Journal of Pain Research Dove

Publish your work in this journal
The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and

commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http:/www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

2836 n W in n Dove Journal of Pain Research 2024:17


https://doi.org/10.2147/JPR.S439348
https://doi.org/10.1136/rapm-2020-101273
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Author Contributions
	Disclosure

