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Chronic lower back pain (cLBP) is the most prevalent pain condition globally. Pain education and cognitive behavior therapy (CBT) are one of many recommended front-line treatments, but access is poor due to barriers such as few trained and available local therapists, health insurance limits, and burdens associated with travel and treatment time. Immersive therapeutics, such as virtual reality-delivered therapy, might provide an effective, low-risk, and accessible cLBP treatment. This manuscript describes the path followed to develop, obtain FDA-authorization for, and commercially launch a Virtual Reality-Delivered Skills-Based therapy for cLBP, called RelieVRx®. We detail the iterative path to design, develop and validate this immersive therapeutic medical device and the process followed to obtain FDA-authorization. We briefly summarize the results from over 30 publications that empirically test iterations of the VR-delivered therapy. Key lessons for translating innovation from the laboratory into the commercial market are identified, including commercial launch, reimbursement strategy, and clinical implementation in the home.
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INTRODUCTION
Chronic lower back pain (cLBP) affects over 600 million adults around the world and is the most prevalent pain condition worldwide (Institute of Medicine US, 2011). With opioid prescribing decreasing, the US Centers for Disease Control and Prevention (CDC) and US Centers for Medicare and Medicaid Services (CMS) (Dowell et al., 2022; Singh et al., 2019; Traylor, 2019) are calling for low-risk, accessible, and long-term effective nonpharmacologic behavioral interventions to help clinicians treat cLBP. Pain education, cognitive behavior therapy (CBT) and other behavioral interventions are one of many recommended front-line therapies (Foster et al., 2018; Williams et al., 2020; Monticone et al., 2015; Cherkin et al., 2016), but access is poor due to barriers such as few trained and available local therapists, health insurance limits, and burdens associated with travel and treatment time (Darnall et al., 2016; Day et al., 2023).
Immersive therapeutics, such as virtual reality (VR)-delivered therapy, can provide therapeutic content in a consistent, quality-controlled manner that is effective, low-risk, and accessible in the home (Maddox et al., 2023a; Brennan, 2020). Unlike other digital technologies (e.g., smartphone mobile applications), VR is immersive and thus delivers therapeutic content in a way that broadly engages multiple centers in the brain in synchrony (Maddox et al., 2023b; Maddox and Fitzpatrick, 2019). Although a detailed discussion is beyond the scope of this manuscript, as reviewed by Martucci and Mackey (Martucci and MacKey, 2018), pain processing can be represented by four neural networks (Institute of Medicine US, 2011): sensory/motor/multisensory (e.g., somatosensory and motor cortices) (Dowell et al., 2022), pain affect/cognitive control (e.g., prefrontal cortex, anterior cingulate) (Singh et al., 2019), emotion/behavior (e.g., nucleus accumbens, putamen, anterior cingulate, insular cortex), and (Traylor, 2019) descending modulation (e.g., locus coeruleus, medulla). VR-delivered therapeutic content can target these pain processing regions in the brain known to be involved in cLBP (Hoffman et al., 2004; Hoffman et al., 2007; Deng et al., 2022; Lee et al., 2022; Fu et al., 2021; Tran et al., 2022),.For example, CBT has been shown to normalize structural and functional connectivity in many of these brain regions (Bao et al., 2022; Seminowicz et al., 2013; Shpaner et al., 2014; Yoshino et al., 2018). Therefore, VR can deliver therapeutic programs that teach patients coping skills and improve self-regulation to manage cLBP long-term when outside of VR.
In keeping with the theme of this Frontiers Research Collection Topic: “Enabling the Medical Extended Reality Ecosystem - Advancements in Technology, Applications and Regulatory Science”, this manuscript details the journey of AppliedVR Inc, an immersive therapeutics healthcare technology company, to develop, obtain FDA-authorization for, and commercially launch a Virtual Reality-Delivered Skills-Based therapy for cLBP, called RelieVRx®. We share the iterative path to design, develop and validate this immersive therapeutic medical device, the process followed to obtain FDA-authorization for the device1, as well as establishing key lessons for translating innovation from the laboratory into the commercial market, including commercial launch, reimbursement strategy, and clinical implementation in the home.
ORGANIZATION OF THE MANUSCRIPT
As with many commercial endeavors, the path toward FDA-authorization and commercialization of RelieVRx was not straightforward. Rather, AppliedVR developed and validated two distinct (albeit partially overlapping) product lines before fully committing to RelieVRx. A timeline of the evidence generated by the company and major milestones across these two product lines is summarized in Table 1; see also Figure 1 We begin with a brief description of the Founding Vision for the company, then describe the initial product line (active from 2015–2021) focused on the development and commercial implementation of an on-demand, library-based VR-delivered content platform to be used in clinics and hospitals to help patients cope with acute pain and anxiety “in-the-moment”. Initially content was delivered with the Samsung Gear VR that required technical expertise and training for setup, thus restricting access to clinics and hospitals where personnel could be trained. The lessons learned regarding content development, product user experience, and operational processes for deploying in hospitals and clinics were invaluable. Several research studies were conducted using the on-demand, library-based platform with many resulting in peer-reviewed publications that are summarized in Table 2 and discussed below.
TABLE 1 | Timeline of AppliedVR milestones and evidence-generation across two product lines.
[image: Table 1][image: Figure 1]FIGURE 1 | Timeline of evidence generation and major milestones across two product lines.
TABLE 2 | Published research focused on the two distinct AppliedVR product lines.
[image: Table 2]Next, we describe the second product line (active from 2018 - present) focused on the development and commercial implementation of an on-demand, in-home, fixed-sequence VR-delivered therapy to build skills and habits, and to improve self-regulation for managing cLBP long-term and outside of VR (aka RelieVRx). By 2018, easy to use, stand-alone VR headsets were available making it possible to reach patients in their home.
We summarize the evolution of the second product line from an 8-session diaphragmatic breathing only therapy to an in-home, 21-session fixed sequence, multi-modal VR-delivered skills-based program that included aspects of CBT, as well as relaxation and mindfulness training, to an in-home, 56-session, fixed sequence, multi-modal VR-delivered therapy that integrated diaphragmatic breathing, biofeedback, cognition and emotion regulation, mindfulness, and pain education. Critically, this latter version of the therapy included a patented breathing shield that interprets physiologic data and uses the information in VR biofeedback displays that enable an interactive user experience that decreases arousal in the central nervous system. The 21-session version of the therapy was subjected to a small pilot randomized controlled trial (RCT) that yielded strong clinical efficacy and resulted in a successful submission to the FDA that secured breakthrough designation for cLBP and fibromyalgia (Darnall et al., 2020). The 56-session version was subjected to a “pivotal” randomized controlled trial that tested the clinical efficacy of the Skills-Based VR-Delivered therapy that was included in a De Novo submission to the FDA to obtain FDA-Authorization for this software-in-a-medical-device (SiMD). A summary of the clinical evidence is followed by a description of the FDA De Novo authorization process from pre-submission communications with the FDA to submission of the full FDA Authorization request to final approval of the medical device in November 2021.
Next, we discuss and summarize the results from a Phase IV randomized controlled trial conducted post-launch to test clinical effectiveness of RelieVRx in a large community-based sample of demographically diverse and clinically severe cLBP individuals. The large sample size allowed several secondary analyses to be conducted that are briefly summarized as well. We also summarize several off-label research projects using RelieVRx conducted by independent investigators. Finally, we discuss clinical implementation of the RelieVRx-delivered therapy at point-of-care in the home, as well as the successes, the challenges and the directions for the future (prescribing, billing), including the commercialization and the reimbursement pathway (payor adoption), the importance of these data, as well as the need to consider real world evidence.
THE FOUNDING VISION
AppliedVR was founded in 2015 and grounded in the belief that VR had the long-term potential to revolutionize healthcare by providing a vehicle for delivering healthcare-relevant content to patients in their homes at scale. Critically, this immersive healthcare-relevant content must be high quality, consistent, on-demand, and consist of evidence-based treatments that yield clinical meaningful benefits. Although the empirical data was more limited in 2015 than it is today, there was a 20-year body of peer-reviewed research showing that VR-delivered content had strong positive impacts on acute pain, post-traumatic stress disorder, anxiety, mental health, and many other healthcare applications (Maddox et al., 2023b; Hoffman et al., 2004; Hoffman et al., 2007; Trost et al., 2015; Botella et al., 2015; Fodor et al., 2018; Li et al., 2023; Riva et al., 2007). Even so, all this work was conducted in research laboratories using expensive VR hardware that required technical expertise to administer. Thus, although strong empirical data existed to support the healthcare value of VR-delivered content, the hardware and technical expertise requirements were too restrictive to bring this technology to patients at scale and in a cost-effective manner.
In late 2015, Samsung released the Samsung Gear VR. The Gear VR was designed to work with Samsung phones, using the phone’s display and processing power to deliver VR content. Although operation of the Gear VR was often technically challenging and required some training to use effectively, it did allow staff to deliver healthcare-relevant VR content to patients in hospitals and clinics with only modest training. Given the speed of technological advancements, it was very likely that within a few years VR headsets would be developed that could deliver VR content directly to patients in their homes. This was the ultimate goal.
ON-DEMAND, LIBRARY-BASED VR-DELIVERED CONTENT FOR CLINICS AND HOSPITALS TO ADDRESS ACUTE PAIN AND ANXIETY “IN-THE-MOMENT”
In 2015, the initial product offering deployed the Samsung Gear VR in hospitals and clinics across the country to address acute pain and anxiety “in-the-moment” by delivering immersive VR distraction, relaxation, mindfulness and escape content to patients. Figure 2 displays the Samsung Gear VR device (Figure 2A), along with screenshots of other sample content (Figures 2B–D). Distraction content included dynamic, immersive VR-based distraction games where patients explored a captivating, fully interactive environment calibrated to the player’s skill level enabling consistently engaging game play (Figure 2B). Relaxation was addressed with dynamic, immersive VR environments with soothing narratives that promoted relaxation and taught the value of breath, mindfulness and acceptance (Figure 2C). Patients could escape boredom or negative moods with 360 travel content that allowed users to travel to foreign lands, wilderness landscapes and the ocean (Figure 2D).
[image: Figure 2]FIGURE 2 | On-demand, library-based VR-delivered content for clinics and hospitals to address acute pain and anxiety “in-the-moment”. (A) Samsung Gear VR kit, (B) screenshot from distraction content, (C) screenshot from relaxation content, and (D) screenshot from escape content.
As the amount of high-quality VR content increased and headset technology advanced, the on-demand, library-based product evolved to include more high-resolution content, more content types, and migrated from the less user-friendly Samsung Gear VR to the Pico G2 4K in 2020. This enabled a gaze-based, user-friendly navigation experience, a high resolution 4K screen, and an easily wipeable face pad. By 2020, the on-demand library-based VR solution had been deployed in over 250 hospitals and clinics, with a focus on academic medical centers. Several healthcare professionals conducted empirical research with the various versions of the VR solution and to date a total of 17 peer-reviewed publications exist. (See Table 2 for the healthcare setting, indication and title of the published work). Published studies include those showing that the VR solution was successful in managing acute pain, anxiety, anger, and chronic pain pre-, peri-, and post-operatively in hospitals and clinics, in adult, pediatric, and primary brain tumor patients (Tashjian et al., 2017; Gold and Mahrer, 2018; Wong and Gregory, 2019; Krish et al., 2022; Sikka et al., 2019; Gold et al., 2021; Hendricks et al., 2020; Venuturupalli et al., 2019; Brewer et al., 2021; Spiegel et al., 2019; Brown and Foronda, 2020; Kolbe et al., 2021; King et al., 2023a; Colloca et al., 2025; Sarkar et al., 2021; King et al., 2023b; Recker et al., 2023).
TOWARD AN FDA-AUTHORIZED, ON-DEMAND, IN-HOME, FIXED-SEQUENCE VR-DELIVERED THERAPY FOR CHRONIC LOWER BACK PAIN: AN ITERATIVE APPROACH COMBINING PRODUCT DEVELOPMENT AND EMPIRICAL VALIDATION TESTING
Development and empirical testing of an on-demand, in-home, 8-session, deep breathing-based VR-delivered therapy for chronic pain
In 2017, while deploying the on-demand, library-based VR-delivered content to clinics and hospitals, the company received a request to help a patient experiencing severe chronic pain after being involved in a traumatic accident. The patient was sent the Samsung Gear VR kit, was trained to use the device, and was informed that the VR content could be used to help cope with pain flare ups, enhance relaxation and reduce stress in the moment. Interestingly, periodic follow-up with the patient revealed that they were not just using the device for temporary pain relief but rather were using the device to learn and retain pain management skills that persisted beyond the VR sessions (Follow this link or this link for more details regarding this patient).
This fortuitous event made clear the potential opportunity to target chronic pain with in-home VR-delivered therapy. To explore this possibility, the first step was to bring prototype modules into pain clinics and to conduct usability testing with patients and providers. Briefly, the prototype device included several diaphragmatic breathing, mindfulness and distraction modules. Two critical learnings from this user testing stand out. First, simplified content was found to be superior. Simple breathing-based biofeedback was valuable, but extensively gamified interaction was overly complex and unnecessary. Second, the value of therapeutic content repetition, spaced over time, was clear, in particular, when it came to diaphragmatic breathing and the development of long-term pain management skills. This led to the development of an 8-session VR-delivered therapy focused on helping patients develop diaphragmatic breathing techniques for managing chronic pain when outside of VR (see Figure 3).
[image: Figure 3]FIGURE 3 | On-demand, 8-session, deep breathing-based VR-delivered therapy for chronic pain. (A) Samsung Gear VR headset and brief description of deep breathing content for each of the 8 sessions, (B) screenshot of breathing content with inset of patient experiencing content.
Although the Samsung Gear VR posed technical challenges for in-home use, in 2018 a small-scale in-home feasibility study was conducted with the 8-session deep breathing-based VR-delivered VR therapy in 35 chronic pain sufferers. Patients were shipped a device, received training over the phone on use of the device along with a technical support number to call should problems arise, and used the device for 8-day with the ability to repeat experiences if desired. Patients were asked to rate their pain, anxiety, mood and sleep at baseline and at the end of the 8 days with the therapy. On average, pain was reduced by 1.3 points, anxiety was reduced by 1.4 points, mood was enhanced by 2.0 points and sleep was enhanced by 1.3 points (all on 0–10-point scales).
Development and empirical validation testing of an on-demand, in-home, 21-session multi-modal VR-Delivered therapy for chronic lower back pain
In 2019, while developing and testing the 8-session VR-delivered breathing therapy, AppliedVR was introduced to Dr. Beth Darnall, a pain psychologist at Stanford University School of Medicine. Dr. Darnall saw the potential of VR-delivered therapy for chronic pain and entered an advisory role with the company to develop the next iteration of the VR-delivered therapy. Dr. Darnall advocated for a multi-modal therapeutic approach that integrated diaphragmatic breathing, biofeedback, cognition and emotion regulation, mindfulness, and pain education. Like in-office pain treatments with standardization facilitating treatment testing, Dr. Darnall also advocated for a fixed therapeutic sequence of VR-delivered content that followed a rigorous therapeutic journey as opposed to a user-selected approach. The result was a 21-session, multi-modal, fixed sequence VR-delivered skills-based therapy for cLBP. The skills-based program involved a range of sessions lasting between two and 15 min that guided participants through pain self-management skills that form a part of CBT programs (e.g., adaptive regulation of pain-related cognition and emotions), as well as relaxation training (diaphragmatic breathing exercises to enhance parasympathetic nervous system function), and mindfulness.
While the 21-session VR-delivered program was being developed, the Oculus Go VR headset was also gaining traction in the market. The Oculus Go VR headset was notable because it was the first commercially available standalone headset that did not require connecting a phone into a holder or using a head mounted display tethered to a computer. With the 21-session program deployed on the Oculus Go headset, a small-scale in-home pilot randomized controlled trial was launched. A total of 97 participants who were living with cLBP or fibromyalgia for at least 6 months were consented into the study and were assigned to either the 21-session skills-based VR program or an audio-only version of the VR program (Darnall et al., 2020) to be completed at home. A sample headset and VR content are displayed in Figure 4.
[image: Figure 4]FIGURE 4 | On-demand, 21-session, multi-modal VR-delivered therapy for chronic lower back pain. (A) Oculus Go VR headset, (B) screenshot of breathing content, and (C) screenshot of relaxation/escape content.
Both groups saw decreases in pain intensity and pain interference over the course of the 21-session intervention, although the average effects were statistically larger for the VR-delivered therapy group compared to the audio-only group. Baseline pain intensity and the four pain interference measures were moderate, ranging from 4.6 to 5.4 on a 0–10-point scale. The study revealed a 1.4-point reduction in pain intensity, and a 1.8-, 2.1-, 2.7-, and 2.6-point reduction in pain interference with activity, sleep, mood and stress, respectively. The pain intensity and composite pain interference reductions for the 21-session VR-delivered therapy are presented in Table 3. (Table 3 includes pain reductions, VR therapeutic engagement and system usability scores across several AppliedVR conducted studies). Engagement with the VR-delivered therapy was strong. Participants were given a 21-session therapy but were allowed to repeat experiences at any time and utilized this option, completing an average of 34.4 experiences. Critically, these data were included in a successful submission to the FDA that secured breakthrough designation for the 21-session VR-delivered therapy for cLBP and fibromyalgia.
TABLE 3 | Pain reductions, VR therapeutic engagement and system usability scores across all AppliedVR conducted studies.
[image: Table 3]Development and empirical testing of an on-demand, in-home, 56-session multi-modal VR-delivered therapy for chronic lower back pain
A decision was made to migrate from the Oculus Go to the Pico G2 4K for the next version of the VR-delivered therapy. The Pico G2 4K was already being used successfully for the on-demand, library-based product. It was gaze-based, with a user-friendly navigation experience, a high resolution 4K screen, and an easily wipeable face pad. For the VR-delivered therapy, a proprietary breathing shield amplifier and breath-capture algorithm was added to help visualize the patient’s breathing pattern and to use their breathing pattern to interactively modify the ongoing VR experience. The therapy was also expanded from a 21-session to a 56-session, fixed sequence VR-delivered therapy with more varied and higher resolution VR content. (Several possibilities for further refinement of the VR-delivered therapy are discussed in the Future Directions). The 56 sessions were organized into 8 weekly themes, such as “Breath and Pain”, “Attention and Distraction, and “Shaping the Nervous System Toward Relief” to name a few. Each week users experienced a range of session content. This included pain education that provided a medical and scientific rationale for the VR experiences, relaxation/interoception scenes that progressively change from busy/active to calm to train users to understand the benefits of progressive relaxation, 360-degree mindful escape videos designed to maximize the relaxation response and participant engagement, interactive pain distraction content to train the skill of shifting focus away from pain, and dynamic breathing to support self-regulation and relaxation with modules becoming increasingly challenging as users increase their skill with diaphragmatic breathing and parasympathetic control. Crucially, the 56-session treatment included interoceptive modules that were designed for more rapid entrainment of CNS downregulation via vivid and frequent enhanced biofeedback experiences. The 56-session skills-based VR-delivered therapy was constructed with daily brief exposures to pain coping skills experiences to improve self-regulation and long-term skills acquisition that could be applied in daily life after they had completed the therapy and returned the VR headset. Although the 56-session, fixed-sequence VR delivered-therapy was designed to build the skills and habits needed to mitigate and cope with chronic pain. Clearly this “one size fits all” approach can be improved upon in this era of precision medicine. This is briefly discussed in the Future Directions.
A “pivotal” RCT was launched in 2020 whose data would be used to support a De Novo submission to the FDA (ClinicalTrials.gov NCT04415177). A total of 188 community-based cLBP individuals were consented and randomized 1:1 to either the 56-session skills-based VR program for cLBP (at the time referred to as EaseVRx) or 56-session Sham VR program that included 2D nature content (Garcia et al., 2021a; Garcia LM. et al., 2021). Both groups received an identical VR headset that was delivered directly to their home. Across both groups, each session ranged in duration from 2-15 min with an average of 6 min per session. Figure 5 summarizes the 56-session sequential structure of the RelieVRx program. Also shown is the Pico G2 4K VR device and patented breathing shield. The study protocol proposed to follow participants from pre-treatment baseline to 6 months post-treatment.
[image: Figure 5]FIGURE 5 | On-demand, 56-session, multi-modal VR-delivered therapy for chronic lower back pain (RelieVRx). Pico G2 4K VR device and patented breathing shield also shown.
Detailed descriptions of the statistical tests as well as patient-reported outcome measures for Sham VR are presented in the original published manuscript. Here we focus our discussion only on the VR-delivered therapy. Pain intensity and pain interference decreased significantly over the course of the 56-session intervention, and this reduction was statistically larger for the VR-delivered therapy group than for the Sham VR group. Baseline pain intensity and the four pain interference measures were moderate, ranging from 4.5 to 5.3 on a 0–10-point scale. Across all five primary endpoints, clinically meaningful 2+-point reductions were observed at end-of-treatment, with a 2.2-point average reduction in pain intensity, and a 2.6-, 2.5-, 2.5-, and 2.5-point average reduction in pain interference with activity, sleep, mood and stress, respectively (Farrar et al., 2001). The pain intensity and composite pain interference reductions for the 56-session VR-delivered therapy are presented in Table 3. Engagement with the VR-delivered therapy was strong with participants completing an average of 43.3 of the 56 experiences. The System Usability Scale (Brooke, 1996) was also collected and the VR device obtained an average rating of 84.3 on a 0–100 point scale that represents an A+ system usability rating. The device was also safe and tolerable. Although 9.7% of participants reported at least one episode of nausea or motion sickness, in all cases the condition resolved quickly, and no serious adverse events were reported.
To test the durability of pain intensity and pain interference reductions, participants were asked to report their pain levels at 1-, 2-, and 3-month post-treatment (Garcia et al., 2021c) and at 6-month post-treatment (Garcia et al., 2022). The 6-month post-treatment results were promising (see Table 3) so the study protocol was modified to include 18-month post-treatment (Maddox et al., 2022), and 24-month post-treatment surveys (Maddox et al., 2023c). At 24-month post-treatment, the pain intensity reduction was 1.2 points, and the composite pain interference reduction was 2.0 points for the VR-delivered therapy (see Table 3), and both were statistically larger than for Sham VR, suggesting that the VR-delivered therapy was providing the necessary long-term skill development that patients needed to manage their pain. The next goal was to utilize these data in an FDA De Novo Authorization application.
THE PATH TOWARD FDA-AUTHORIZATION FOR RELIEVRX
The path toward FDA-authorization is a long and complex process but it is an important one when one’s goal is to provide patients with evidence-based therapies that have been vetted by independent, objective bodies such as the Food and Drug Administration [for an interesting discussion of the FDA process see (Courtier and Beberman, 2025). Before designing and conducting the Pivotal randomized controlled trial summarized above, and before submitting the 56-session Skills-Based VR-Delivered Therapy for FDA authorization, AppliedVR had to decide whether to pursue the software-as-a-medical-device (SaMD) or software-in-a-medical-device classification (SiMD) pathway. The FDA defines SaMD as software intended for medical purposes that operates independently of a physical medical device—such as apps that diagnose conditions or recommend treatments. In contrast, SiMD refers to software that is part of a medical device’s internal system, such as the code that controls a pacemaker or an MRI machine. The key difference lies in whether the software functions on its own (SaMD) or is embedded in and dependent on a physical device (SiMD). Whether to pursue SaMD or SiMD has implications on the appropriate FDA pathway and on how payors assess reimbursement eligibility and regulatory pathways.
Once the decision was made to pursue the SiMD pathway, AppliedVR engaged in multiple pre-submission discussions with the FDA to align on regulatory expectations and ensure a smooth approval process. These interactions helped refine the clinical and technical approach to meet the FDA’s requirements. For example, FDA guidance was sought on whether the VR-delivered therapy would qualify for the De Novo classification or require a different regulatory pathway (US Food and Drug Administration, 2018). Briefly, the FDA De Novo classification process provides a regulatory pathway for novel medical devices that have no prior predicate but are considered low to moderate risk. Instead of being automatically classified as Class III, which requires premarket approval (PMA), the De Novo pathway allows these devices to be classified as Class II with special controls to ensure safety and effectiveness. The process begins with the submission of a De Novo request, where manufacturers provide data demonstrating the device’s safety and effectiveness. The FDA then evaluates whether general and special controls are sufficient to regulate the device. If approved, the device is officially classified as Class II, establishing a new regulatory category that future similar devices can use for 510(k) authorization, thereby streamlining the approval process. The FDA agreed that the De Novo pathway was appropriate.
Discussions were also focused on the design, endpoints, and methodology of the pivotal randomized controlled trial to ensure it would generate sufficient evidence for safety and effectiveness. It was through these discussions that the decision was made to develop a rigorous Sham VR control, something rarely used in VR healthcare research (Persky and Colloca, 2023). The company also provided specifications for the Pico G2 4K hardware and software, addressing potential risks, cybersecurity concerns, and mitigations to comply with medical device regulations. Discussions around labeling and the Indications for Use were also undertaken. The company worked with the FDA to determine the necessary evidence to support De Novo approval and identify any special controls needed for post-market safety monitoring. Five special controls were applied to the authorization concerning clinical performance, biocompatibility, software verification, electromagnetic compatibility and electrical, mechanical, and thermal safety, and product labeling. All of these pre-submission interactions were crucial in ensuring that the De Novo submission met regulatory expectations.
With the pre-submission discussions concluded, a structured process was undertaken to complete the necessary tasks. First, the pivotal randomized controlled clinical trial was conducted to demonstrate the safety and effectiveness of RelieVRx in reducing chronic lower back pain and improving patients’ quality of life. With this supporting data, a De Novo request was submitted to the FDA, providing both clinical and technical evidence to show that the device met the agency’s safety and effectiveness requirements. The FDA then reviewed the submission, assessing whether general and special controls were sufficient for classification. In November 2021, the FDA granted De Novo authorization, classifying RelieVRx as a Class II medical device. This milestone made RelieVRx the first VR-based digital therapeutic for chronic pain management, establishing a new product category (US Food and Drug Administration, 2025) and paving the way for future VR-based pain management solutions to seek regulatory approval through the 510(k) pathway.
The FDA authorized the following indication for use: “RelieVRx is a prescription-use immersive virtual reality system intended to provide adjunctive treatment based on cognitive behavioral therapy skills and other evidence-based behavioral methods for patients (age 18 and older) with a diagnosis of chronic lower back pain (defined as moderate to severe pain lasting longer than 3 months). The device is intended for in-home use for the reduction of pain and pain interference associated with chronic lower back pain.”
COMMERCIAL LAUNCH OF RELIEVRX AND POST-LAUNCH EFFECTIVENESS RCT
Once FDA-Authorized, RelieVRx was launched commercially as a prescription-based immersive therapeutic in 2022. Progress on the commercialization and reimbursement front, as well as clinical implementation in the home are summarized in the next major section of the manuscript. Here we briefly summarize the results from a Phase IV, Post-Launch randomized controlled trial conducted with RelieVRx that explores the clinical effectiveness of RelieVRx in a large, community-based, diverse sample of cLBP participants (much larger and more diverse than were included in the Pivotal trial) from pre-treatment baseline to 24-month post-treatment (clinicaltrials.gov NCT05263037). Detailed statistical analyses and comparison with Sham can be found in the original articles. Here we briefly summarize the results from the VR-delivered therapy.
A total of 1,093 cLBP participants were consented and randomized 1:1 to the RelieVRx or Sham VR groups (Maddox et al., 2023a) with both groups receiving their device by mail at their home. Pain intensity and pain interference decreased significantly over the course of the 56-session VR-delivered therapy, and the reductions were statistically larger in the RelieVRx group than in the Sham VR group. The results for RelieVRx are presented in Table 3. Whereas baseline pain intensity and interference levels were clinically moderate in the pivotal trial (ranging from 4.5 to 5.3 on a 0–10-point scale), they were clinically severe in the Post-Launch RCT (ranging from 6.2 to 6.6 on a 0–10 point scale). Clinically meaningful 2+ point reductions from baseline to end of treatment were observed for pain intensity (2.0) and pain interference (2.3) in the RelieVRx group. Several secondary endpoints were also examined. These included the PROMIS anxiety, sleep disturbance, and depression scales along with the Oswestry Disability Scale. Statistically significant reductions in sleep disturbance, depression and physical disability were observed for the RelieVRx group from baseline to end-of-treatment. Engagement with RelieVRx was strong with participants completing an average of 37.6 of the 56 experiences. The System Usability Scale (Brooke, 1996) was also collected and the VR device obtained an average rating of 91.6 on a 0–100 point scale that represents an A+ system usability rating. The device was also safe and tolerable. Although 4.9% of participants reported at least one episode of nausea or motion sickness, in all cases the condition resolved quickly, and no serious adverse events were reported.
As with the Pivotal RCT, we followed participants at 1, 2, 3, 6, and 12-month post-treatment. At 12 months post-treatment (see Table 3), the RelieVRx group revealed a 1.7-point pain intensity reduction and a 1.9-point pain interference reduction, both of which were statistically larger than those observed in the Sham VR group (Maddox et al., 2024a). Data collection and analysis at 24-month post-treatment is ongoing.
Post-launch RCT sub-group analyses
The large sample size in the RelieVRx group facilitated several important sub-group analyses. Importantly, many of these sub-group analyses were motivated from discussion with payors, CMS, and healthcare professionals. Two separate sub-group analyses focused on Amtmann et al., 2019 high impact chronic pain and (Dowell et al., 2022) sociodemographic factors are published (Maddox et al., 2024b; Maddox et al., 2025). Detailed statistical analyses can be found in the original publications. Three additional distinct sub-group analyses focused on Amtmann et al., 2019 pain catastrophizing (Dowell et al., 2022), rural/urban setting, and (Singh et al., 2019) duration of cLBP are currently exploratory and await detailed statistical analyses (e.g., MMRM). We briefly review the findings from all 5 sub-group analyses.
High impact chronic pain (HICP) patients benefit more from RelieVRx
High-impact chronic pain (HICP) is defined as pain that persists for at least 3 months with at least one major activity restriction (Şentürk et al., 2023; Dahlhamer et al., 2018; Pitcher et al., 2019; Vaegter et al., 2023), and affecting 8.5% of the population (Pitcher et al., 2019; Lucas and Sohi, 2024). HICP have higher healthcare utilization and costs, and greater likelihood for opioid prescription than lower-impact chronic pain patients (LICP) (Herman et al., 2019) (Pitcher et al., 2019; Herman et al., 2019). A sub-group analysis of the Post-Launch RCT was conducted to examine HICP vs. LICP treatment responses to RelieVRx at end-of-treatment and at 12-month post-treatment for pain intensity and pain interference (Maddox et al., 2025). RelieVRx participants were classified as HICP vs. LICP using their baseline Brief Pain Inventory Pain Interference score (HICP: BPI pain interference ratings ≥7) (Cook et al., 2024). As shown in Table 3, clinically meaningful, and significantly larger reductions in pain intensity and interference were observed for HICP vs. LICP at end-of-treatment and 12-month post-treatment. End-of-treatment reduction in pain interference among HICP reclassified 70% of them as LICP, and this improvement held at 12-month post-treatment (67%). No differences were found for HICP vs. LICP for device engagement or usability scores.
RelieVRx clinical effectiveness is invariant to several important sociodemographic factors
Several studies have found heterogeneity in the effectiveness of digital therapeutics as a function of age, gender, race/ethnicity, and socioeconomic status (SES), with patients who are older, females, non-White, or of low SES being disadvantaged (Yao et al., 2022; Seifert and Schlomann, 2021; Seifert et al., 2019; Mis et al., 2022). To explore potential heterogeneities, we conducted a sub-group analysis of the Post-Launch RCT (see Table 3). The clinical effectiveness, therapeutic program engagement, and VR device usability of RelieVRx were high and generally unaffected by age (<65 vs. 65+ years), gender (male vs. female), race/ethnicity (White vs. Black vs. other), and SES (education and income), with a few exceptions (age difference for therapeutic program engagement; race/ethnicity difference for device usability) (Maddox et al., 2024b). Follow up analyses at 12-month post-treatment (unpublished data on file) suggest that clinical effectiveness remains invariant across these important sociodemographic factors.
Patients with high levels of pain catastrophizing benefit more from RelieVRx
Clinicians must make patient-centric treatment choices daily and one factor that has received much attention is patients’ perceptions about their pain; in particular pain catastrophizing (Quartana et al., 2009). We explored the impact of baseline levels of pain catastrophizing (as measured by the Concerns about Pain measure; Amtmann et al. (2019)) on clinical effectiveness, therapeutic program engagement, and VR device usability of RelieVRx (see Table 3; (Oldstone et al., 2024)). Clinical effectiveness, therapeutic program engagement, and VR device usability of RelieVRx were uniformly high across low, medium and high levels of baseline pain catastrophizing, with an advantage for patients with high levels of pain catastrophizing. Although weakened somewhat, these advantages continued to hold at 12-month post-treatment.
RelieVRx shows consistent effectiveness across rural and urban settings
Research shows that individuals in rural areas experience chronic pain more frequently and with greater intensity compared to those in urban areas (Baker et al., 2024). RelieVRx offers an at-home chronic lower back pain management option requiring no internet connection or travel to a pain clinic that could improve access and outcomes. To determine whether RelieVRx is effective across rural and urban settings, a sub-group analysis of the Post-Launch RCT was conducted (see Table 3; (Maddox, 2025)). Clinical effectiveness, therapeutic program engagement, and VR device usability of RelieVRx were uniformly high across rural and urban participants. In fact, numerically, rural participants showed larger pain intensity and pain interference reductions at end-of-treatment that were sustained at 12-month post-treatment.
RelieVRx shows consistent effectiveness regardless of cLBP duration
Pain specialists agree that early intervention and consistent treatment generally lead to better outcomes for CLBP patients (Norbye et al., 2016). We performed a sub-group analysis of our Post-Launch RCT to determine whether the amount of time that a patient had been dealing with cLBP (3–12 months, 2–5 years, or 11+ years) impacted clinical effectiveness, therapeutic program engagement, and VR device usability of RelieVRx (see Table 3 (Maddox, 2025)). Clinical effectiveness, therapeutic program engagement, and VR device usability of RelieVRx were uniformly high across the three cLBP duration categories. In fact, numerically, participants early in the chronic lower back pain journey showed larger pain intensity and pain interference reductions at end-of-treatment. These were sustained at 12-month post-treatment. Taken together, these sub-group analyses suggest some patient profiles for which RelieVRx works best, and as well as factors for which invariance is observed.
Independent investigator “off-label” research conducted with RelieVRx
Independent investigator research that explores “off-label” uses of RelieVRx are valuable. Several independent investigator studies are ongoing, but to date, four have been completed as described below.
One study examined the effectiveness of RelieVRx combined with telehealth and goal setting in veterans with chronic pain who live in rural areas (VA Diffusion Marketplace, 2025). 20 rural Veterans with chronic pain participated and provided pre-treatment surveys, completed 56 daily sessions with RelieVRx, and provided post-treatment surveys including pain intensity, pain interference with enjoyment of life, general activity, mood, as well as sleep disturbance, opioid use and PT participation. Results showed that Veterans completed on average 5 RelieVRx sessions per week. Clinically meaningful reductions in pain intensity, pain interference and sleep disturbance were observed. No increase in opioid use was observed, and participation in physical therapy increased from 50% to 93%. These findings suggest that in-home use of RelieVRx combined with telehealth and goal setting may provide a powerful therapy for Veterans living in isolated rural settings.
A second study examined the effectiveness of RelieVRx therapy on opioid craving and several measures of pain in chronic pain participants enrolled in a methadone maintenance program (ClinicalTrials, 2025; Perez, 2023). Fourteen participants with chronic pain and Opioid Use Disorder (OUD) were randomized (ClinicalTrials, 2025; Perez, 2023) to RelieVRx (N = 8) or Sham (N = 6) and completed two onsite sessions per week (2 VR experiences per session) across 6 weeks (24 VR experiences max; not the full 56-session RelieVRx therapy) at an Opioid Treatment Program (OTP). RelieVRx reduced opioid craving and several measures of pain at end-of-treatment relative to baseline while also increasing pain acceptance at end-of-treatment relative to baseline). Importantly, these data served as pilot data for a recently funded $3.7 million NIH grant to explore the impact of the full 56-session RelieVRx program on OUD and chronic pain management.
A third study examined the effectiveness of RelieVRx for pain self-management at home following orthopedic injury (Mace et al., 2024). Ten adults from a Level 1 Trauma Clinic within the Mass General Brigham healthcare system with a recent (≤2 months), isolated orthopedic injury who were at risk for persistent pain and functional limitations were recruited. All participants provided pre-treatment surveys, completed 56 daily sessions with RelieVRx, and provided pos-treatment surveys including measures of pain intensity, interference, catastrophizing, anxiety, depression, sleep, physical function, mindfulness, and self-efficacy. Nine of 10 patients completed all 56-sessions. RelieVRx led to statistically significant improvements in all patient reported outcomes. These data suggest that RelieVRx may be effective at treating acute pain and may reduce the prevalence of acute pain evolving into chronic pain.
Finally, a fourth study examined the efficacy of 10 sessions from the RelieVRx therapy compared to the same therapy delivered as audio-only content using a 5-week randomized crossover design in 54 patients with chronic pain due to temporomandibular disorders (Colloca et al., 2025). Immersive VR-delivered therapy significantly reduced pain intensity, anxiety, and pain interference while improving mood and sleep quality. This study provides strong methodological support for the importance of the immersive quality of VR-delivered therapy in managing chronic pain.
RELIEVRX: COMMERCIALIZATION, REIMBURSEMENT, AND CLINICAL IMPLEMENTATION IN-HOME
As summarized above, RelieVRx received FDA De Novo Authorization as software-in-a-medical-device in November 2021 and was officially launched commercially in 2022. A timeline of the major commercial and coverage milestones for RelieVRx are summarized in Figure 6. In this section we briefly summarize the path taken toward RelieVRx commercialization, reimbursement and clinical implementation in the home.
[image: Figure 6]FIGURE 6 | Timeline of commercialization and coverage for RelieVRx.
Commercialization and reimbursement
AppliedVR followed several parallel tracks toward commercialization and reimbursement of RelieVRx. These included launching several commercial payor pilots with national payors, regional health plans, national managed care organizations, and workers’ compensation carriers. Commercial payor pilots allow for validation and demonstration of the product’s effectiveness in real-world settings. This can lead to broader payor coverage and reimbursement opportunities, build trust with insurance companies, drive market adoption, attract other potential users to the product, and position the company and product as leaders in innovative solutions, increasing its credibility in the healthcare sector. As of publication of this manuscript, several commercial pilots have been completed, and several others are underway. This real-world evidence generation has been key when conducting value analyses which is often necessary to secure positive coverage policies.
Commercialization efforts also included direct engagement in target markets. The company was successful in obtaining a 1-year VA Innovation ecosystem award in December 2022 that was extended to a second year of support and treated 750 Veterans across the country with RelieVRx. In parallel there was an expansion of access to RelieVRx in the VA through the VA Federal Supply Schedule (FSS) starting in 2023. As of publication of this manuscript, nearly half of the VA Medical Centers across the country have prescribed RelieVRx, and thousands of Veterans have obtained relief for their chronic pain with RelieVRx.
The path toward reimbursement is best understood as a combination of coding, benefit category and payment, and coverage. At present, many VR-specific healthcare services are not reimbursed by CMS or other insurance payors. In April 2023, and following extensive interaction with CMS, CMS created a VR-specific billing code–HCPCS code E1905 – for RelieVRx (Centers for Med icare and Medicaid Services, 2022). A payment rate was subsequently published in October 2023 (Centers for Med icare and Medicaid Services, 2022). The specifics of how this process unfolded are instructive and are briefly summarized below (for details see Oldstone and Judge (2024)).
Regulatory strategy is central to the path toward reimbursement. Because RelieVRx is SiMD and is FDA-Authorized for in-home use independent of clinician involvement, it fits best in the existing CMS benefit category of durable medical equipment (DME). The function of any piece of DME is best represented by its CMS Healthcare Common Procedure Coding System (HCPCS) code. At the time of FDA-Authorization for RelieVRx, an appropriate HCPCS code did not exist so AppliedVR petitioned CMS to create a new HCPCS code, and this request was granted with the establishment of the new HCPCS Level II code E1905, “Virtual reality cognitive behavioral therapy device (CBT), including pre-programmed therapy software” to describe RelieVRx. While AppliedVR initiated the application that led to this code, it can potentially apply to other VR-delivered therapies meeting its criteria.
This coding decision positioned the RelieVRx program as the first immersive or digital therapeutic to be integrated into an existing benefit category, offering a clear path to Medicare coverage eligibility, thereby influencing wider commercial coverage. The final step in the HCPCS process is determination of the payment rate (for details see Oldstone and Judge (2024)). In October 2023, RelieVRx E1905 was classified by CMS as a 13-month rental DME item with established monthly rental rates. The full course of therapy typically requires a 3-month episode of care with the total expected reimbursement for the standard treatment duration to be at $1,888.98, based on CMS’s published fee schedule.
Coverage relies on the product or service being deemed “reasonable and necessary” for each patient, once the code, benefit category, and payment rate are determined. This may be determined on a case-by-case basis by either the Medicare Administrative Contractors (MACs) or the insurance company’s medical team for new products, like RelieVRx. Coverage policy can be written over time to clearly define the conditions for coverage. This may include diagnostic or procedure codes or specific patient characteristics that must be documented for the technology to be covered and paid for.
Commercial coverage of RelieVRx continues to expand. AppliedVR strategically introduced RelieVRx into the workers’ compensation sector in July 2023, aiming to provide injured workers with a non-pharmacologic pain management option. Also in May 2024, Highmark BCBS, a Pittsburgh-based health insurer, became the first commercial payor to cover RelieVRx, extending access to over four million members.
Clinical implementation in-home: patient experience
AppliedVR is a traditional, vertically integrated DME, serving as both manufacturer and distributor of RelieVRx to patients’ homes. A typical episode of care lasts 3 months with RelieVRx following a “rent and return” model. Figure 7 summarizes the flow of the patient’s experience. The healthcare professional prescribes RelieVRx to the patient and the device is shipped directly to the patient’s home along with easy-to-follow instructions. The shipping contents are displayed in Figure 8. Once the device is received, the patient can begin the therapy or wait for a member of the patient services team to contact the patient to help set up the device and answer any questions. Although wi-fi connectivity is not required, it is encouraged as it allows the patient services team to track engagement with the device and to use this information to guide periodic check-ins to facilitate therapeutic engagement. Patients receive automated email and text messages at specific times throughout their treatment to encourage and maintain usage. Once the episode of treatment is complete, the device can be placed in the initial shipping box along with the included prepaid shipping label and can be dropped off (free of charge) at a local FedEx facility, or a pickup can be scheduled. Patients have several methods of contacting the patient services team (phone, text, email) should any problems arise with the device or if any questions need to be addressed.
[image: Figure 7]FIGURE 7 | Clinical implementation and patient experience with RelieVRx.
[image: Figure 8]FIGURE 8 | Contents included when RelieVRx is shipped to a patients’ home.
GENERAL DISCUSSION
In line with the focus of this Frontiers Research Collection Topic: “Enabling the Medical Extended Reality Ecosystem - Advancements in Technology, Applications and Regulatory Science”, this manuscript outlined the journey of AppliedVR Inc, an immersive therapeutics healthcare technology company, to develop, obtain FDA-authorization for, and commercially launch a Virtual Reality-Delivered Skills-Based therapy for cLBP, called RelieVRx. We described the product development path for two distinct product lines, one library-based for clinic and hospital use and one with a fixed-therapeutic sequence for use in the home. We emphasize the importance of evidence-based iteration and sharing the empirical findings through peer-reviewed scientific outlets. This has the dual advantage of allowing outside experts to vet the quality of the product and shares that knowledge broadly with the scientific and entrepreneurial community. To date, over 30 scientific articles have been published that test usability, engagement, feasibility, and/or efficacy of one of these products (Maddox et al., 2023a; Maddox et al., 2023b; Darnall et al., 2020; Tashjian et al., 2017; Gold and Mahrer, 2018; Wong and Gregory, 2019; Krish et al., 2022; Sikka et al., 2019; Gold et al., 2021; Hendricks et al., 2020; Venuturupalli et al., 2019; Brewer et al., 2021; Spiegel et al., 2019; Brown and Foronda, 2020; Kolbe et al., 2021; King et al., 2023a; Colloca et al., 2025; Sarkar et al., 2021; King et al., 2023b; Recker et al., 2023; Garcia et al., 2021a; Garcia LM. et al., 2021; Garcia et al., 2021c; Garcia et al., 2022; Maddox et al., 2022; Maddox et al., 2023c; Maddox et al., 2024a; Maddox et al., 2024b; Maddox et al., 2025; Mace et al., 2024). We highlight the importance of technological advances in both software and hardware that ultimately led to the development and validation of the FDA-authorized RelieVRx product for in-home use. We briefly summarize the FDA authorization process as well as the path toward commercialization, reimbursement and clinical implementation in the home. All of which are critical for helping cLBP patients manage and cope with their pain at home and at scale.
Future directions for RelieVRx and for immersive technology in healthcare
A primary goal at AppliedVR is wider adoption and insurance coverage for RelieVRx. As VR-delivered therapy gains recognition as a cost-effective adjunctive and/or alternative to opioids and traditional treatments for cLBP, more healthcare providers and insurers will support its use. Another goal is to expand RelieVRx’s label beyond cLBP to other pain conditions, and to expand the label to other indications such as anxiety, depression and stress disorders to name a few. All of this will involve extensive engagement with the FDA.
Future advances in healthcare for immersive technology, like VR, are more difficult to predict. Even so, many current trends are suggestive. One major trend is going to be toward personalized, precision healthcare. One simple step toward personalization would be to offer an on-demand, library-based version of RelieVRx after the patient has completed the RelieVRx therapy. Individual differences in skills development and skill decay are well established. By offering an on-demand, library of content to patients following therapy, patients in need of additions skills training could receive that and periodic boosters could be initiated by the patient to mitigate skills-based decay. Of course, more sophisticated personalization is also likely that will involve AI-driven adaptive therapy, where machine learning algorithms analyze patient responses in real time, adjusting VR content, difficulty levels, and therapeutic exercises to maximize effectiveness. The breathing-based algorithms in RelieVRx are a step in this direction, but applications will be much more sophisticated soon.
Biometrics will also be leveraged. Biofeedback integration will become more sophisticated, utilizing wearable sensors to track physiological indicators like heart rate, muscle tension, and breathing patterns. Advanced biofeedback will allow patients to interact with therapy in real time, reinforcing relaxation and pain management techniques more effectively. In the early Samsung Gear VR days, AppliedVR explored integration of heart rate into the therapy, but the technical hurdles were too great. Those hurdles will be much smaller and the value-add much larger soon.
Experiences will also become multisensory and may incorporate haptic feedback, temperature control, and even scent-based stimulation to create deeply immersive environments that enhance relaxation and cognitive distraction from pain. Hybrid therapies that include VR-delivered therapies like RelieVRx that are combined with social experiences that allow group support and social interactions designed to address isolation and leverage group therapy dynamics will be explored. Although an exciting avenue for the future, FDA-authorization in precision medicine is going to require rethinking on the regulatory front as the current approaches focus on one-size-fits-all therapies that are easier to validate empirically.
Limitations
There are several limitations to consider when evaluating the empirical data summarized in this article. First and foremost, one must always objectively evaluate the quality of the control condition used in any randomized controlled trial. Both randomized controlled trials summarized here used an active Sham VR control that displayed 2D nature scenes. Although on the surface this control appears strong, unintended placebo effects and issues of blinding are always possible (for an excellent discussion of VR control group selection see (Persky and Colloca, 2023). Second, the sample size for the initial randomized controlled trial was relatively small, as were the sample sizes for all the studies conducted on the first product line. Third, cLBP was self-reported and was not confirmed by healthcare professionals. Finally, more informative experimental designs and other indications were not explored.
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Milestone

2015

AppliedVR, Inc founded following extensive market research

Product Line 1: On-Demand, Library-Based VR-Delivered Content for Clinics and Hospitals to Address Acute Pain and Anxiety “In-the-Moment”

2015-2021

Product: On-demand, library-based VR-delivered distraction, relaxation,
deep breathing, mindfulness/acceptance, and pain education content

‘The amount of VR delivered content made available increased and the quality
of the content improved over time. The VR hardware also evolved over time
from the Samsung Gear VR to the Pico G2 4K
Seventeen peer-reviewed publications resulted from clinical use of the various.
versions of this product. Details provided in the body of the manuscript

Product Line 2: On-Demand, Fixed-Sequence VR-Delivered In-Home Therapy to Build Skills and Habits for Managing Chronic Lower Back Pain Long-
Term When Outside of VR

2018-2019

2019-2020

2019

2020

2020

2021

2022

2022 - present

2022 - present

Product: On-demand, in-home, 8-session, fixed-sequence, deep breathing
VR-delivered content with ability to repeat

Product: On-demand, in-home, 21-session, fixed-sequence multi-modal VR-
delivered therapy with ability to repeat

Pilot RCT Completed (N = 97)

Product: On-demand, in-home, 56-session, fixed-sequence, multi-modal VR-
delivered therapy without the ability to repeat. Included a proprietary
breathing shicld amplifier and breath-capture algorithm that interprets

physiologic data and uses the information for VR biofeedback displays that

enable an interactive user experience and shaping decreased arousal in the
central nervous system

Pivotal RCT Launched (N = 188)

EDA de novo authorization

RelieVRx Commercial Launch

Phase IV, Post-Commercial Launch RCT (N = 1,093)

Off-Label Research Using RelieVRx

Unpublished data on file provided valuable information leading to the
development of the next iteration of the product

Multi-modal therapy including diaphragmatic breathing, biofeedback,
cognition and emotion regulation, mindfulness, and pain education

Results from this RCT were published. Details provided in the body of the
manuscript
The results from this pilot RCT were submitted to the FDA and AppliedVR
successfully secured breakthrough designation for cLBP and fibromyalgia for
this version of the therapy

Multi-modal therapy including diaphragmatic breathing, biofeedback,
cognition and emotion regulation, mindfulness, and pain education

Six peer-reviewed publications resulted from this RCT, including data
showing durable effects of the VR-delivered therapy to 24-month post-
treatment. Details provided in the body of the manuscript

FDA approved indication for use: RelieVRx is a prescription-use immersive
virtual reality system intended to provide adjunctive treatment based on
cognitive behavioral therapy skills and other evidence-based behavioral

methods for patients (age 18 and older) with a diagnosis of chronic lower back

pain (defined as moderate to severe pain lasting longer than 3 months). The
device is intended for in-home use for the reduction of pain and pain
interference associated with chronic lower back pain

To date, three peer-reviewed publications resulted from this RCT. Details
provided in the body of the manuscript

Several off-label independent investigator research studies were conducted
using RelieVRx. Details provided in the body of the manuscript
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RCT/Citation Patient sub-  Reduction from Pain Pain interference VR therapeutic System
group baseline to intensity composite usage usability
scale
Pilot RCT (Darnall et al., Overall EoT 14 23 343 NA
2020)
Pivotal RCT
Pivotal RCT (Garcia et al., Overall EoT 22 25 433 843
2021a; Garcia et al., 2021b)
Pivotal RCT (Garcia et al., Overall 3-Months Post- 14 18 NA NA
2021¢) Treatment
Pivotal RCT (Garcia et al., Overall 6-Months Post- 15 19 NA NA
2022) Treatment
Pivotal RCT (Maddox Overall 18-Months Post- 09 15 NA NA
etal, 2022) Treatment
Pivotal RCT (Maddox Overall 24-Months Post- 12 2 NA NA
et al, 2023¢) Treatment
Post-Launch RCT
Post-Launch RCT Overall EoT 2 23 375 916
(Maddox et al,, 20232)
Post-Launch RCT Overall 12-Months Post- 17 19 NA NA
(Maddox et al., 2024a) Treatment
Post-Launch RCT HICP EoT 22 27 399 913
(Maddox et al., 2025)
LICP EoT 18 2 39 918
HICP 12-Months Post- 21 26 NA NA
Treatment
LICP 12-Months Post- 15 16 NA NA
Treatment
Post-Launch RCT Age: <65 EoT 19 22 376 96
(Maddox et al., 2024b)
Age: 65+ EoT 19 21 472 917
Gender: Female EoT 2 23 392 918
Gender: Male EoT 17 18 384 91
Race/Ethnicity: EoT 18 22 40 928
‘White
Race/Ethnicity: EoT 21 23 344 885
Black
Race/Ethnicity: EoT 22 23 392 %
Other
SES: Low EoT 19 22 40 915
SES: High EoT 2 22 376 919
Exploratory Analysis
Post-Launch RCT (Data | Concerns About EoT 17 18 369 96
on File) Pain: Low
Concerns About EoT 19 21 365 914
Pain: Medium
Concerns About EoT 22 27 391 915
Pain: High
Concerns About 12-Months Post- 17 18 NA NA
Pain: Low Treatment
Concerns About 12-Months Post- 17 19 NA NA
Pain: Medium Treatment
Concerns About 12-Months Post- 18 21 NA NA
Pain: High Treatment
Post-Launch RCT (Data Age: <65 12-Months Post- 17 2 NA NA
on File) Treatment
Age: 65+ 12-Months Post- 16 17 NA NA
Treatment
Gender: Female 12-Months Post- 17 19 NA NA
Treatment
Gender: Male 12-Months Post- 17 2 NA NA
Treatment
Race/Ethnicity: 12-Months Post- 17 19 NA NA
‘White Treatment
Race/Ethnicity: 12-Months Post- 17 19 NA NA
Black Treatment
Race/Ethnicity: 12-Months Post- 17 2 NA NA
Other Treatment
SES: Low 12-Months Post- 16 19 NA NA
Treatment
SES: High 12-Months Post- 16 19 NA NA
Treatment
Post-Launch RCT (Data Urban EoT 19 22 376 96
on File) B
Rural EoT 31 33 353 915
Urban 12-Months Post- 16 19 NA NA
Treatment
Rural 12-Months Post- 27 29 NA NA
Treatment
Post-Launch RCT (Data | 3-12 months cLBP EoT 25 26 377 914
on File) Duration
2-5 years cLBP EoT 19 23 368 917
Duration
6+ yr cLBP EoT 19 22 378 916
Duration
3-12 months cLBP 12-Months Post- 2 23 NA NA
Duration Treatment
2-5 years cLBP 12-Months Post- 17 18 NA NA
Duration Treatment
6+ yr cLBP 12-Months Post- 16 19 NA NA
Duration Treatment

Note:

sComposite pain interference measure derived from the average of the pain interference with acti

ity, sleep, mood and stress measures.
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Product line 1 (2015-2021): On-demand, library-based VR-Delivered content for clinics and hospitals to address acute pain and anxiety “in-the-

Hospital

Pediatric Clinic

Labor and Delivery

Emergency Department

Rheumatology Clinic

Outpatient Surgery

Hospital

Pediatric Clinic

Clinic

Hospital

Outpatient Clinic

Rehabilitation Center

Academic, Community and
Safety-Net

In-Home

In-Home

In-Home

Outpatient Clinic

Acute Pain

Acute Pain

Acute Pain

Acute Pain, Anxiety,

Anger

Chronic Pain

Anxiety

Anxiety

Chronic Pain

Acute Pain, Anxiety

Acute Pain

Acute Pain, Anxiety

Satisfaction

Acute and Chronic Pain

Distress and Anxiety

Distress and Anxiety

Chronic Pain

Pediatric Pain

moment”

Virtual Reality for Management of Pain in Hospitalized Patients
Results of a Controlled Trial (2017) (Tashjian et al, 2017)

Is Virtual Reality Ready for Prime Time in the Medical Space? A Randomized Control Trial of Pediatric
Virtual Reality for Acute Procedural Pain Management (2018) (Gold and Mahrer, 2018)

Patient Experiences on the Use of Virtual Reality for Pain Management in Labor (2019) (Wongand Gregory,
2019)

Virtual Reality- Assisted Pain, Anxiety, and Anger Management in the Emergency Department (2019) (Sikka
etal, 2019)

Virtual Reality-Based Biofeedback and Guided Meditation in Rheumatology: A Pilot Study (2019)
(Venuturupalli et al., 2019)

Virtual reality may reduce anxiety and enhance surgical experience during wide-awake local anesthesia no
tourniquet surgery: A report of two cases (2020) (Krish et al., 2022)

‘The Useof Virtual Reality to Reduce Preoperative Anxiety in First-Time Sternotomy Patients: A Randomized
Controlled Pilot Trial (2020) (Hendricks et al., 2020)

Effect of an Immersive Virtual Reality Intervention on Pain and Anxiety Associated With Peripheral
Intravenous Catheter Placement in the Pediatric Setting: A Randomized Clinical Trial (2021) (Gold et al.,
2021)

Virtual Reality Can Reduce Anxiety During Office-Based Great Saphenous Vein Radiofrequency Ablation
(2021) (Brewer et al,, 2021)

Virtual Reality for Management of Pain in Hospitalized Patients
A Randomized Comparative Effectiveness Trial (2019) (Spiegel et al., 2019)

Use of Virtual Reality to Reduce Anxiety and Pain of Adults
Undergoing Outpatient Procedures (2020) (Brown and Foronda, 2020)

Use Of Virtual Reality in the Inpatient Rehabilitation Of COVID-19 Patients (2021) (Kolbe et al,, 2021)

Barriers and Facilitators to the Implementation of Virtual Reality as a Pain Management Modality in
Academic, Community, and Safety-Net Settings: Qualitative Analysis (2021) (Sarkar et al., 2021)

Feasibility and preliminary efficacy of a virtual reality intervention targeting distress and anxiety in primary
brain tumor patients at the time of clinical evaluation: Study protocol for a phase 2 clinical trial (2023) (King
et al, 2023b)

Feasibility of a virtual reality intervention targeting distress and anxiety symptoms in patients with primary
brain tumors: Interim analysis of a phase 2 clinical trial (2023) (King et al., 2023a)

Telehealth virtual reality intervention reduces chronic pain in a randomized crossover study (2025) (Colloca,
2019)

Virtual Reality Respiratory Biofeedback in an Outpatient Pediatric Pain Rehabilitation Program: Mixed
Methods Pilot Study (2025) (Recker et al., 2023)

Product Line 2 (2018 - present): On-Demand, Fixed-Sequence VR-Delivered In-Home Therapy to Build Skills and Habits for Managing Chronic Lower
Back Pain Long-Term When Outside of VR

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

In-Home

Outpatient Clinic

In-Home

Chronic Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

Chronic Lower Back Pain

AppliedVR Unpublished Data on File: On-Demand, In-Home, 8-Session, Deep Breathing-Based VR-
Delivered Therapy for Chronic Pain

Self-Administered Skills-Based Virtual Reality Intervention for Chronic Pain: Randomized Controlled Pilot
Study (Darnall et al., 2020)

An 8-Week Self-Administered At-Home Behavioral Skills-Based Virtual Reality Program for Chronic Lower
Back Pain: Double-Blind, Randomized, Placebo-Controlled Trial Conducted During COVID-19 (Garcia
et al,, 2021b)

‘Three-Month Follow-Up Results of a Double-Blind, Randomized Placebo-Controlled Trial of 8-Week Self-
Administered At-Home Behavioral Skills-Based Virtual Reality (VR) for Chronic Lower Back Pain (Garcia
et al, 2021¢)

Durability of the Treatment Effects of an 8-Week Self-administered Home-Based Virtual Reality Program for
Chronic Lower Back Pain: 6-Month Follow-up Study of a Randomized Clinical Trial (Garcia et al., 2022)

In-home virtual reality program for chronic lower back pain: durability of a randomized, placebo-controlled
clinical trial to 18 months post-treatment (Maddox et al., 2022)

Durable chronic lower back pain reductions up to 24 months after treatment for an accessible, 8-weck, in-
home behavioral skills-based virtual reality program: a randomized controlled trial (Maddox et al., 2023¢)

In-Home Virtual Reality Program for Chronic Lower Back Pain: A Randomized Sham-Controlled
Effectiveness Trial in a Clinically Severe and Diverse Sample (Maddox et al., 2023a)

Sociodemographic Predictors of Clinical Effectiveness, Therapeutic Program Engagement, and Device
Usability for an In-Home Virtual Reality Program for Chronic Lower Back Pain: Secondary Analysis of a
Randomized Controlled Trial (Maddox et al., 2024b)

‘Twelve-month results for a randomized sham-controlled effectiveness trial of an in-home skills-based virtual
reality program for chronic lower back pain (Maddox et al., 2024a)

Differential treatment response to virtual reality in high-impact chronic pain: “Secondary analysis of a
randomized trial (Maddox et al,, 2025)

Independent Investigator Off-Label Use of RelieVRx
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Re-Engaging Veterans in Pain through Extended Reality (VIPER): Virtual Reality (VA Diffusion
Marketplace, 2025)

Virtual Reality for Subacute Pain After Orthopedic Traumatic Musculoskeletal Injuries: A Mixed Methods
Pilot Study (Mace et al.,, 2024)

Virtual Reality for Chronic Pain and OUD: A Pilot Randomized Controlled Trial (Perez, 2023)

Telehealth virtual reality intervention reduces chronic pain in a randomized crossover study (Colloca et al,
2025)
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