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Abstract
Purpose of Review This review investigates the roles of artificial intelligence (AI) and virtual reality (VR) in enhancing 
cognitive pain therapy for chronic pain management. The work assesses current research, outlines benefits and limitations 
and examines their potential integration into existing pain management methods.
Recent Findings Advances in VR have shown promise in chronic pain management through immersive cognitive therapy 
exercises, with evidence supporting VR's effectiveness in symptom reduction. AI's personalization of treatment plans and its 
support for mental health through AI-driven avatars are emerging trends. The integration of AI in hybrid programs indicates 
a future with real-time adaptive technology tailored to individual needs in chronic pain management.
Summary Incorporating AI and VR into chronic pain cognitive therapy represents a promising approach to enhance manage-
ment by leveraging VR's immersive experiences and AI's personalized tactics, aiming to improve patient engagement and 
outcomes. Nonetheless, further empirical studies are needed to standardized methodologies, compare these technologies to 
traditional therapies and fully realize their clinical potential.

Keywords Immersive technology · Pain management · Machine learning · Cognitive pain therapy · Chronic pain · 
Cognitive behavioral therapy

Introduction to Cognitive Therapy in Chronic 
Pain Treatment

Pain is an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, as defined 
by the International Association for the Study of Pain (IASP) 
[1]. Chronic pain (CP), described by the persistence or 
recurrence of pain for more than 3 months, is often associ-
ated with significant emotional distress, as delineated in the 
International Classification of Diseases, Eleventh Revision 
(ICD-11) [2]. The complexity of this condition is multifac-
torial, stemming from biological, psychological, and social 
determinants. Approximately 21% of U.S. adults in 2021 
reported experiencing CP, thereby establishing it as a nota-
ble public health concern [1, 2]. Considering the complex 
and multidimensional characteristics of chronic pain, the 
guidelines provided by the National Institute for Health and 
Care Excellence (NICE) serve as a prime example of an 
effective approach to its management. These guidelines rec-
ommend a diverse array of interventions, including exercise 
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programs, physical activity, acupuncture, pharmacological 
management, and psychological therapy [3]. Within the 
domain of psychological interventions, cognitive-behavioral 
therapy (CBT), alongside psychodynamic psychotherapy, 
acceptance, and commitment therapy (ACT), mindfulness-
based practices, and cognitive therapy, have been thoroughly 
investigated and identified as efficacious modalities to aug-
ment the management of CP [4, 5].

The significance of initiating psychological interventions at 
an early stage in the management of CP has gained growing 
acknowledgment, as demonstrated by recent reviews highlight-
ing the benefits of implementing pain education and CBT for 
chronic pain (CBT-CP) from the outset of treatment [4–6]. Pain 
catastrophizing significantly predicts pain outcomes, yet there 
is a marked deficiency in specialized pain psychology training 
among healthcare providers [7–9]. A global needs assessment 
underscores this gap, highlighting the urgent need for enhanced 
pain education and access to pain psychology to improve CP 
management [5, 10, 11]. This perspective is supported by a 
review, that recommends pain education and CBT-CP from the 
outset of treatment [4, 5, 12]. CBT-CP is a psychotherapeutic 
approach grounded in the principles of CBT. CBT-CP focuses 
on two main targets: identifying, evaluating and redefining neg-
ative thoughts related to pain, the self, and the future as well as 
enhancing problem-solving skills [5]. Despite its effectiveness, 
the application of CBT-CP faces challenges due to variability 
in clinical practice and limited patient accessibility, stemming 
from the absence of standardized methodologies, a shortage of 
trained professionals, and financial barriers [5, 13].

In response to these challenges, virtual reality (VR) and 
artificial intelligence (AI) each present distinctively innovative 
solutions and, when integrated, may offer transformative 
interventions in CP management strategies [14]. VR provides 
immersive environments that not only divert patients’ 
attention from their pain experiences for immediate relief 
but also facilitate rehabilitation via interactive 3-dimensional 
(3D) simulations that engage cognitive resources towards 
learning long-term self-management strategies [15–18]. 
Meanwhile, AI employs sophisticated algorithms to 
enhance human cognition in the analysis, interpretation, 
and understanding of complex medical and healthcare data. 
This includes the utilization of machine learning to enhance 
diagnostic precision and optimize treatment protocols [19, 
20]. Reinforcement learning (RL) further advances AI's 
decision-making capabilities by facilitating the identification 
of optimal actions through iterative reward-and-penalties [21]. 
Moreover, natural language processing (NLP) analyzes and 
interprets human language data, enabling the extraction of 
valuable insights from clinical notes and medical literature 
[22, 23]. Collectively, these AI-driven approaches are 
pioneering personalized patient care, extending the frontiers 
of medical research, and evolving clinical practice [24, 25].

Virtual Reality in Cognitive Pain Therapy

VR has recently emerged as a promising novel component 
in the management of CP, supporting a wide range of appli-
cations from exercise and physical rehabilitation to com-
prehensive psychological therapy [26]. While much of the 
research on VR has concentrated on its efficacy for acute 
pain, a growing interest has been noted in its application for 
CP [27] particularly regarding its potential to support fully 
integrated psychological treatment, extending beyond its use 
as a virtual analgesic. This emerging focus is evidenced by a 
growing yet compelling collection of studies exploring the 
effectiveness of VR-based applications in this context [28].

Additional research has highlighted VR’s capacity to 
reconfigure neurocognitive pathways and augment physical 
functionalities, thus contributing significantly to the evolv-
ing domain of pain therapy [29]. VR-based interventions lev-
erage two key mechanisms: one, providing a distraction that 
transiently shifts focus from pain to an engaging stimulus; 
and two, inducing neuroplasticity, which reflects sustained 
structural changes within neural circuits [30, 31]. Emerging 
consensus in research suggests that the principal mechanism 
by which VR promotes neuroplasticity in the management 
of CP is by captivating attention, emotion, and memory 
through embodiment, which alter body perception and con-
sequently, the pain experience [28]. For instance, a pilot fea-
sibility study focusing on youth (mean age of 13.24 years) 
aimed at enhancing lower extremity movement reported 
high immersion in the virtual world (mean = 28.98, standard 
deviation = 4.02) which led to significant improvements in 
pain (p < 0.001), fear (p = 0.003), avoidance (p = 0.004), and 
functional limitations (p = 0.01), alongside other benefits for 
distraction, mobility, and reducing observed pain behaviors 
(Table 1) [32].

As compared to controls, numerous investigations have 
documented significant improvements in the reduction of 
pain and increased satisfaction with the treatment modality, 
as well as enduring long-term benefits when the VR-based 
intervention is adequately designed (Table 1) [28]. Moreo-
ver, VR has been instrumental in augmenting the efficacy of 
various psychological treatment components. For instance, 
the RelieveVRx software by AppliedVR, a 56-day VR 
skills-based therapy program incorporating CBT, mindful-
ness, and biofeedback for chronic low back pain, demon-
strated significant reductions at 18 months in pain intensity 
(p = 0.003, effect size = 0.65), pain-related stress (p = 0.043, 
effect size = 0.32), pain interference with activity (p = 0.020, 
effect size = 0.54), and sleep (p = 0.015, effect size = 0.36) 
compared to a sham VR group. These findings contribute to 
a deeper understanding of VR's potential impact on CP man-
agement, hinting at its capability to influence neurological 
processes, which warrants further exploration [39••].
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In another randomized controlled trial, a self-administered, 
skills-based VR program was evaluated for efficacy against 
an audio-only version among 97 adults with chronic non-
malignant low back pain or fibromyalgia [34]. The program 
consisted of 4–8 treatment sessions delivered at home over 
21 days, with content categories including CBT-CP, relaxation 
training, and mindfulness. The pain CBT component focused 
on educating participants about the impact of thoughts and 
emotions on pain, as well as restructuring thoughts and reg-
ulating pain-related cognition and emotion. The VR group 
exhibited significant improvements over time in every pain 
variable, with outcomes intensifying after two weeks, includ-
ing 76% of VR participants reporting no nausea, and higher 
satisfaction rates in the VR group (83%) compared to audio 
(72%). Significant enhancements were observed in pain inten-
sity (p = 0.04), pain interference with activity (p = 0.005), 
sleep (p < 0.001), mood (p < 0.001), and stress (p = 0.003) 
[34]. The initial results are encouraging for VR's role in pain 
management and invite more comprehensive study.

Additionally, a randomized placebo-controlled trial com-
pared the EaseVRx, a 3D immersive pain skills training 
program, with sham VR in 179 participants with chronic 
low back pain. The EaseVRx program lasted 6 min for each 
group and included modules for pain education, relaxation/
interoception, mindfulness exercises, pain distraction games, 
and dynamic breathing. The sham VR group watched 2D 
nature footage with neutral music in their VR headset [38]. 
Participants in the EaseVRx group reported significant 
improvements in pain intensity (effect size = 0.49), pain 
interference with mood (effect size = 0.42), pain interfer-
ence with stress (effect size = (0.40). The Patient-Reported 
Outcomes Measurement Information System (PROMIS) 
revealed an improvement in physical function (effect 
size = 0.34) and sleep disturbances (effect size = 0.37) and a 
decrease in over-the-counter analgesic use (p < 0.01), with 
no statistical difference in pain catastrophizing, pain self-
efficacy, pain acceptance or opioid use. In a 6-month follow-
up, participants assigned to the EaseVRx group maintained 
statistically significant and clinically meaningful effects, 
remaining superior to the sham VR program in reducing 
pain intensity and pain-related interference with activity, 
stress, and sleep [38].

VR-CBT demonstrates substantial benefits in treating 
anxiety and depression, with effects comparable to tra-
ditional CBT and without significant differences in attri-
tion rates, suggesting high patient retention [39••, 40]. In 
CP management, VR-CBT yielded significant improve-
ments, with pain and anxiety acutely reduced by 33% and 
46%, respectively, highlighting VR's potential to maintain 
patient engagement over traditional methods [33] while also 
reducing dependence on opioids [38, 39••, 41]. However, 
despite equivalent attrition, and with some studies show-
ing improved attrition rates, further research in VR-CBT 

for CP is warranted to fully understand its advantages over 
in-person CBT in terms of maintaining patient participation 
[40, 42–44].

Artificial Intelligence in Cognitive Pain Therapy

The field of CP management has been substantially enriched 
by advances in AI, particularly in its sophisticated ability to 
assess and quantify the intensity and characteristics of pain 
symptoms [45]. AI's contributions extend beyond simple 
measurement; it is pivotal in the development of instruments 
that enhance treatment protocols and self-management tac-
tics, as well as in the analysis of patient data to improve 
prognostications related to health trajectories and risk evalu-
ations [46, 47]. Despite these innovations, the direct utiliza-
tion of AI in the therapeutic interventions for CP requires 
additional investigation [6].

A recent study tested a hybrid program that combined 
therapist-delivered CBT-CP with an AI-based interactive 
voice response (IVR) supporting system (AI-CBT-CP) 
[46]. Patients were randomly assigned to either AI-CBT-
CP or standard CBT-CP delivered by phone and received 10 
weekly CBT-CP sessions. In the AI-CBT-CP group, the AI 
model used RL to make recommendations based on patient 
feedback gathered during a short 5-min daily IVR phone 
call, which included information on step counts, pain inten-
sity, interference, functioning, and CBT-CP skill practice. 
The study showed AI-CBT-CP noninferiority to standard 
CBT-CP with a -0.72 to -1.24 point difference in the Roland-
Morris Disability Questionnaire (RMDQ) scores at 3 and 
6 months (p < 0.001), nonetheless both groups indicated sig-
nificant clinical improvements irrespective of each other as 
well as greater efficiency in therapist time utilization [46]. 
These findings underscore the potential of AI to enhance 
clinician effectiveness and patient support through adaptive 
treatment recommendations [4, 45, 48]

Moreover, integrating AI into CBT through innovative 
machine learning approaches, such as a Transformer-
Convolutional Neural Network (CNN) hybrid models, 
demonstrates significant improvements in diagnostic 
accuracy and treatment efficiency [49••]. A CNN is a type 
of deep learning model primarily used for processing data 
with a grid-like topology, to detect patterns and features 
automatically [4]. By leveraging both architectures' 
strengths, this model achieves an impressive 97% 
accuracy in diagnosing psychiatric disorders, potentially 
offering more accurate therapy strategies compared to 
standard practices[50]. This precision underscores AI's 
potential in enhancing CBT delivery and patient outcomes 
in mental health care, especially within the context of 
CP management where psychological comorbidities are 
prevalent [5, 6, 24, 45, 51].
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Moreover, an investigation into Wysa, a digital health 
application founded on the principles of CBT, employed an 
artificial intelligence-driven conversational agent to facilitate 
cognitive reframing, mindfulness meditations, and bespoke 
exercises designed to meet user-specific requirements [52]. 
This research applied inductive thematic analysis for the 
evaluation of conversational content to discern user needs 
and implemented comparative macro-analyses of conver-
sational dynamics to quantify user engagement with the 
application. Participants with CP expressed issues pertain-
ing to health, socioeconomic status, and pain management 
strategies. In this mixed-methods retrospective observa-
tional study, participants with CP demonstrated signifi-
cantly higher engagement with the application (p < 0.001) 
compared to those with no CP. They also reported substan-
tive enhancements in mental health outcomes (improvements 
in Patient Health Questionnaire-9 (PHQ) (effect size = 0.60) 
and Generalized Anxiety Disorder-7 (GAD-7) scores (effect 
size = 0.62)). These findings imply that AI-mediated digital 
interventions have the potential to effectively address the 
needs of users, thereby narrowing the divide between the 
need for mental health support and the resources that are 
currently accessible [24, 52, 53•, 53].

NLP is catalyzing a transformation in CP management 
by extracting actionable insights from clinical narratives 
and electronic health records, thereby tailoring therapeutic 
approaches to individual patient profiles [23, 46, 53•, 54]. 
NLP allows for the identification of patterns within symp-
tom narratives and treatment responses, thereby increas-
ing the specificity of cognitive therapies. By processing 
extensive volumes of unstructured data, NLP bolsters 
diagnostic precision and therapeutic effectiveness, indicat-
ing AI's substantial prospective contribution to pain man-
agement [22, 55]. AI’s transformative impact on CBT-CP 
is becoming increasingly evident [22, 55]. AI not only 
augments traditional therapeutic approaches but also intro-
duces novel pathways for patient engagement and treat-
ment customization. AI's impact on treatments is evident 
through AI-CBT-CP's clinical improvements with reduced 
therapist involvement and Wysa's user engagement [52]. 
However, most AI interventions are in pilot phases, high-
lighting the need for more trials before widespread adop-
tion. AI promises to enhance cognitive therapy for chronic 
pain, yet still necessitates further validation [5, 22, 55].

Cutting Edge: The Combination of Virtual 
Reality and Artificial Intelligence 
in Cognitive Pain Therapy

Having explored the respective isolated applications of VR 
and AI, we now highlight emergent research illustrating 
the potential for the confluence of these technologies in 

enhancing the psychological treatment of CP (Table 1). 
A prominent recent innovation is the integration of AI 
avatars in VR that leverage NLP to distill key learnings 
while mimicking therapeutic conversations (Fig. 1) [53•].

Their innovation employs an AI-driven avatar, termed 
the eXtended-reality Artificial Intelligence Assistant 
(XAIA), operating within biophilic VR environments for 
bespoke mental health support, incorporating GPT-4 to 
facilitate therapeutic interactions. Demonstrated to be 
efficacious, secure, and frequently favored over human 
practitioners for its capacity to synchronize with the user's 
affective states, XAIA represents a pivotal advancement in 
refining VR-based interventions [51, 53•, 56]. Although 
more robust research is needed to further explore the 
effectiveness of VR-AI hybrid systems, including safety 
and long-term effects, the amalgamation of AI's analyti-
cal capabilities with the engaging experiential nature of 
VR portends an innovative paradigm in CP treatment, one 
that holds the promise of heightened patient engagement, 
superior outcomes, and greater accessibility in the realm 
of pain management [45, 46, 57].

Future Directions

In recent times, there has been a surge in research delving 
into the deployment of VR and AI for cognitive interven-
tions in the context of CP (Table 1) [45, 46]. Nevertheless, 
there remains a pressing need for additional research, as the 
preponderance of existing studies emphasizes the utiliza-
tion of VR predominantly for distraction or analgesic pur-
poses, rather than as a medium for administering cognitive 
therapy [39••, 58, 59]. Further compounding this issue is the 
nature of VR environments themselves, which are often not 
discussed in-depth in existing literature. The intricacies of 
VR experience design are pivotal for generating therapeu-
tic effects, yet there is a paucity of discussion around the 
various attributes of these environments, such as sensory 
complexity, interactivity, and the degree of user autonomy 
[60]. Future studies must delve into these aspects to better 
understand how VR can be effectively employed beyond dis-
traction, to promote lasting cognitive and behavioral change 
[61].

Furthermore, the research concerning the psychological 
aspects of VR and AI is hampered by a lack of uniform 
protocols, methodologies, and the diversity of devices used 
[62]. This heterogeneity impedes the ability to draw com-
parisons across studies and to rigorously assess the thera-
peutic benefits of these technologies. Moreover, the current 
research landscape reveals a conspicuous lack of diversity 
within patient populations. This shortfall raises concerns 
regarding the generalizability of findings and underscores 
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the need for research that reflects a broader demographic 
spectrum to ensure that these technologies are effective 
across diverse cultural and socioeconomic groups.

The synergistic integration of AI with VR holds the prom-
ise of enriching CBT-CP with an expanded repertoire of strat-
egies, facilitating its application and investigating alternative 
pathways through which VR can induce neuroplastic changes, 
distinct from those of distraction-based analgesia [46, 53•, 54, 
63, 64]. Equally critical is the distinction between distraction-
based VR applications and those that engage users in true 
skill training and CBT. While the former may offer immediate 
analgesic effects, the latter involve more complex psychologi-
cal processes that can lead to sustained pain management and 
coping skills. Yet, to date, studies exploring the extensive use 
of VR for skill training and cognitive-behavioral applications 
are limited. AI may help standardize treatment and stream-
line certain tasks that patients can accomplish between vis-
its, ultimately improving the efficiency and effectiveness of 
healthcare services [39••]. VR-CBT shows comparable effec-
tiveness to traditional CBT in treating anxiety and depression 
with no significant differences in attrition rates, suggesting 
it is a viable and engaging alternative for both mental health 

and CP management [33, 40, 42–44]. Ethical considerations 
in the use of AI are also of paramount importance, particu-
larly in terms of patient data management. The employment of 
federated learning models can offer a way forward, providing 
a framework for sharing insights derived from AI without 
compromising individual data privacy. This approach aligns 
with the need for greater transparency in AI healthcare appli-
cations, ensuring that patients and practitioners can trust the 
systems in use. However, such technologies remain largely 
in the experimental phase, necessitating rigorous trials and 
validation to ascertain their efficacy and ethical soundness in 
real-world clinical settings .

  VR and AI are swiftly evolving technologies with the 
capacity to extend treatment access to remote and economi-
cally disadvantaged communities, bolster constrained clini-
cal resources, and enhance healthcare services [52, 65, 66]. 
Yet, their full potential remains to be exhaustively tested 
through research. It is crucial that VR and AI’s application 
in CBT-CP keeps pace not only in technological advance-
ment but also in rigorous, ethical, and inclusive research 
methodologies [62].

Fig. 1  The intersections and 
benefits of Artificial Intel-
ligence and Virtual Reality in 
Cognitive Pain Therapy
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