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Introduction

SCS 1s a well-established therapy 1n
chronic pain management.

Evidence: SCS provides significant
long-term pain relief, with number
needed to treat (NNT) between 1.2 and
2, far superior to conventional medical
management (NNT 4-10).

Beyond pain reduction, SCS also
reduces opioid consumption.

Importance of accurate patient
selection.

Emerging role of Artificial
Intelligence in outcome prediction.
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Why Predictive
MR&H iy Vst er

out cones: responder vs.
non-responder rates.

« Economc & clinical
i mpl i cations of failed
| mpl ants.

A failed implant is not just a missed opportunity ; it also carries costs, risks, and patient
disappointment.

« Al as a decision-support
t ool .
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* Demonstrated strong
reliability &
comprehensibility 1n
patient education.

* Highlighted AI’s
limits 1n technical
queries.
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Reliability, Accuracy, and Comprehensibility of AI-Based
Responses to Common Patient Questions Regarding Spinal
Cord Stimulation
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Abstract: Background: Although spinal cord stimulation (SCS) is an effective treatment
for managing chronic pain, many patients have understandable questions and concerns
regarding this therapy. Artificial intelligence (AT) has shown promise in delivering patient
education in healthcare. This study evaluates the reliability, accuracy, and comprehensibility
of ChatGPT’s responses to common patient inquiries about SCS. Methods: Thirteen com-
monly asked questions regarding SCS were selected based on the authors’ clinical experi-
ence managing chronic pain patients and a targeted review of patient education materials
and relevant medical literature. The questions were prioritized based on their frequency in
patient consultations, relevance to decision-making about SCS, and the complexity of the
information typically required to comprehensively address the questions. These questions
spanned three domains: pre-procedural, intra-procedural, and post-procedural concerns.
Responses were generated using GPT-4.0 with the prompt “If you were a physician, how would
you answer a patient asking. . .”. Responses were independently assessed by 10 pain physi-
cians and two non-healthcare professionals using a Likert scale for reliability (1-6 points),
accuracy (1-3 points), and comprehensibility (1-3 points). Results: ChatGPT’s responses
demonstrated strong reliability (5.1 &+ 0.7) and comprehensibility (2.8 &+ 0.2), with 92% and
98% of responses, respectively, meeting or exceeding our predefined thresholds. Accuracy
was 2.7 + 0.3, with 95% of responses rated sufficiently accurate. General queries, such as
“What is spinal cord stimulation?” and “What are the risks and benefits?”, received higher scores
compared to technical questions like “What are the different types of waveforms used in SCS5?”.
Conclusions: ChatC:PT can be implemented as a supplementary tool for patient education,
particularly in addressing general and procedural queries about SCS. However, the Al's
performance was less robust in addressing highly technical or nuanced questions.

Keywords: spinal cord stimulation; ChatGPT; artificial intelligence; patient education;
chronic pain management; neuromodulation; healthcare communication

J. Clin. Med. 2025, 14, 1453

https:/ /doi.org/ 103390 /jem14051453
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Effectiveness of Generative Artificial Intelligence-Driven
Responses to Patient Concerns in Long-Term Opioid Therapy:
Cross-Model Assessment
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Abstract: Background: While long-term opioid therapy is a widely utilized strategy for
managing chronic pain, many patients have understandable questions and concerns re-
garding its safety, efficacy, and potential for dependency and addiction. Providing clear,
accurate, and reliable information is essential for fostering patient understanding and
acceptance. Generative artificial intelligence (A1) applications offer interesting avenues
for delivering patient education in healthcare. This study evaluates the reliability, accu-
racy, and comprehensibility of ChatGPT’s responses to common patient inquiries about
opioid long-term therapy. Methods: An expert panel selected thirteen frequently asked
questions regarding long-term opioid therapy based on the authors’ clinical experience in
managing chronic pain patients and a targeted review of patient education materials. Ques-
tions were prioritized based on prevalence in patient consultations, relevance to treatment
decision-making, and the complexity of information typically required to address them
comprehensively. We assessed comprehensibility by implementing the multimodal genera-
tive AT Copilot (Microsoft 365 Copilot Chat). Spanning three domains—pre-therapy, during
therapy, and post-therapy—each question was submitted to GPT-4.0 with the prompt “If
you were a physician, how would you answer a patient asking. . .”. Ten pain physicians and two
non-healthcare professionals independently assessed the responses using a Likert scale
to rate reliability (1-6 points), accuracy (1-3 points), and comprehensibility (1-3 points).
Results: Overall, ChatGI"T's responses demonstrated high reliability (5.2 & 0.6) and good
comprehensibility (2.8 + 0.2), with most answers meeting or exceeding predefined thresh-
olds. Accuracy was moderate (2.7 &+ 0.3), with lower performance on more technical topics
like opioid tolerarce and dependency management. Conclusions: While AT applications ex-
hibit significant potential as a supplementary tool for patient education on opioid long-term
therapy, limitations in addressing highly technical or context-specific queries underscore
the need for ongoing refinement and domain-specific training. Integrating Al sysiems

hittps: / /doi.org /10.3390 /biomedicines 1 3030636



Smart Processing and Intelligent Navigation
for Evaluation (SPINE) Study: A Comparative
Decision-Making Analysis Evaluatin?
Clinicians against Artificial Intelligence
for Spinal Cord Stimulation Therapy

Overview

* Aim: Compare Al predictions, e-Health tools, and multidisciplinary team
(MDT) decisions for SCS candidacy.

Patient Diagnoses

Age (years) Gender

Chronic back & leg pain 42%  90¢

Male
80

Post-surgical/failed back 70 -

60+

Neuropathic pain 0r

40
CRPS 307

201

10t

Female

Prior spine surgery

Mean Age

0 5 10 15 20 25 30 35 40
Percentage (%)
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Implant Decisions Across Methods Me t h \/) d S
Wl Accepted
‘ A Ter.\tative .
- e * Single-center conducted at
Fondazione G. Giglio,
Ttaly

* Patient dataset from
Fondazione G. Giglio.

Fach patient underwent:

* Three 1ndependent
assessments: MDT, e-Health
platform, GPT-4.

y a8 A * Outcomes: acceptance,
MpT e-Health GPT-4 rejection, tentatilve
trial.



Annual Gabor Ragz'Advanced Interventional

Pain Conférencejand Workshop
Budapest, Hungary

SCS Implant Decisions Across Assessment Methods

DeCj_ »q :I_ An Asseim;rI;cTMethod
COIFD rlSOﬂ 30T mmm GPT-4
* MDT: Acceptance < 60
91. 4% g
* e-Heal t h: 2 0
Acceptance 54. 8% B
* GPT-4: Acceptance |
46. 2%
 Observations on Al
conservativeness. 0 Accepted "~ Reiected Tentative

Decision

Interestingly, GPT-4 was more conservative in its decisions, with a higher rejection rate.
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Bepeccment
Analysis

Agreement Between Assessment Methods

e MDT vs. e-Health:
0. 51 ( Moder at e)

« MDT vs. GPT-4: 0.29
(Fair)

ee-Health vs. GPT-4:
0. 46 ( Moderate).

MDT vs e-Health MDT vs GPT-4 e-Health vs GPT-4

This tells us that Al is not yet ready to replace expert consensus, but can still be useful in certain decision-
making stages.
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Diagnostic Accuracy Compared

When conpared to MDT, both systens
had 100% specificity —meani ng no
false positives, which is
clinically crucial.

no inappropriate implants were suggested.

However, sensitivity varied: e-
Heal th detected al mpst all true
positives, while GPT-4 was |ess
sensitive, around 72%

This suggests Al could be safely

WH‘@%‘-@H' afedng the risk of wrong implants, but at
the same time it may under-select some patients

who could have benefited.”

Percentage (%)

100 |

80

60

40 +

20

co MDT

Diagnostic Accuracy Compared to MDT

Bl Sensitivity
Specificity

e-Health GPT-4
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Predictive Value &
Potential

1 Replicates MIT decisions

(partially)

B Useful for referral triage
[l Support —not replacemnment

Al as a filter, not a final decision-maker.
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Recent Guidelines on AI
in Pain Medicine (ASPN
2025)

Journal of Pain Research, August 2025

ASPN Expert Panel Consensus on Al use
In spine & pain interventions

Key recommendati ons

Need for validation in real -world
practice

 Focus on patient safety, bias, and
data privacy

 Inportance of clinician training and
oversi ght

Alioned wi
cohorts i1s essential

th SPINE findings: validation in real-world

Journal of Pain Research Dovepress

3 EXPERT OPINION
Guidelines From the American Society of Pain and
Neuroscience for Using Artificial Intelligence in
Interventional Spine and Nerve Treatment
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Introduction: Artificial intelligence (Al) is rapidly evolving and becoming more ubiquitous. Significant advancements have been
made in the last few years, driving rapidly increasing adoption. The scale of publications on Al makes it difficult to keep abreast of
relevant findings.

Objective: The ASPN Artificial Intelligence Guidelines are designed to help clinicians understand Al and implement it into their
practice. This Neuron Project is designed to evolve with the changing landscape of AL

Methods: An expert panel was chosen to discuss and write the best practice guidelines on Al The primary authors conducted
a literature search on PubMed, cross-referencing key terms m pain management and Al After a thorough review of the current
literature, the information collected was divided into broad categories of potential benefits, potential harms, and ways to ensure the
benefits outweigh the potential harms of Al These guidelines include only the most essential aspects of Al that clinicians need to
know and und d before impl ing Al into their practice.

Results: Over 12,000 articles were found using the above scaich results. Many articles were reviews and clinical guidelines. The
framework created from these guidelines allowed authors to fill in knowledge gaps and discuss the most critical elements pain
clinicians should comprehend about AL

Journal of Pain Research 2025:18 4211-4235 4211
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Integration

® Scalability

Al allows us te,exgand expertise to a
x r of patients and

$§30 Standardization

ensures consistent decisio Jatel,
reducing variability betwegmglinigi@ns
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Emerging Technologies 1n Pain
e — - Medicine (JPR 2024)

EBl'he Future of Pain Medicine: Emerging T .

Vi r tual RealltY (VR): non-
Matthew Slitzky'. R Jason Yongz. Giuliano Lo Bianco?, Trent Emerick (2*%, Michael E Schatman " ° b
S pharmacol ogi cal anal gesi a,

Technologies, Treatments, and Education
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8 Palermo, Italy; “Department of Anesthesiology and Perioperative Medicine, Chronic Pain Division, University of Pittsburgh Medical Center, Pittsburgh,
PA, USA; SDepzrtment of Anesthesiology, Perioperative Care, and Pain Medicine, NYU Grossman School of Medicine, New York, NY, USA; .
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During the early days of chronic pain management, there was a reliance on the use of opioids with a significant increase a r a e S [ ] C O n I n u O u S rm n I O r I n
in opioid prescriptions by physicians in the 1990s and early 2000s." Opioids can and should be utilized to treat pain in the O O O

appropriate patient populations and situations, however, due to the initial consequences of the prior boom in opioid use to H C O r r e I a t I O n N t h p a I n r e d u C e
treat pain there has been resultant decrease in opioid prescription.’ This decrease in opioid prescriptions and availability ’

have inspired innovators in the ficld of pain medicine to develop new meodalities and procedures that more effectively * °

target a patient’s pain generator. The vital task now with the abundance of newer technologies for chronic pain d e p r e S S I O I I a I I d O p I O I d | I S e
.

. and Pain Medicine, Harvard Medical School, Brigham and

management is to properly educate the next generation of pain physicians on the benefits and risks of these technologies
and more clearly define which therapies are evidence-based.

One such innovation being utilized to combat chronic pain is virtual reality (VR) which provides us with a treatment [d Ld ® [
for chronic pain via modalities such as distraction, neural reprocessing, and mindfulness training.> * The distraction . N t I f I C I a I I nt e I I I e n c e
element of VR functions by treating pain via reduction of the subjective sensation of pain by redirecting the user’s
attention away from the pain.> Although this modality has already been employed for treating acute and post-surgical ( N ) P %
pain, it has shown promising results in managing chronic pain conditions.>* As a non-invasive and non-pharmacological O u t C O rTE r e I C t I O n
approach, it may help tackle the complex challenges of chronic pain, offering a potential pathway to enhance patient i A I O
outcomes and improve quality of life.? Given its high prevalence and significant public health impact, chronic low back
pain is currently the most extensively studied chronic pain condition in the field of VR applications.” Current data show p e r S O n a I Z e n e u r O rm u a I O n .
VR not only has a significant impact on alleviating chronic low back pain, with patients reporting reductions of 2.0 points
on the NRS in some studies, but it can also impact secondary outcomes that have major impact on a patient’s quality of
life.** Furthermore, some VR technologics have demonsirated a comparable analgesic effect to opioid medications s Py *
which is extraordinarily impactful as it is being shown to have efficacy without having significant side effects, medication S c e e I c S n O V e e r S e C t I V e S
interactions, and being available for patient use at home.> These findings highlight the potential of VR as g ° ° °
i c pain.
a physical appointment or live a considerable distance from a healthcare center can have a higher quality form of
telehealth.® Lastly, there has been sparked interest in using VR to treat nociplastic pain, a type of pain that arises from

.
a groundbreaking tool in the management of chronic pain, and innovators are working to integrate it into other modalities
to increase the efficacy. Furthermore, via the use of augmented reality (AR), there is the possibility to have a real-time O r ‘ r O I I I ‘ I I O ‘ I p a S
[ ] .
Last! ‘ park i ‘ ‘ ; P °
altered nociception causing the activation of peripheral nociceptors, despite no clear evidence of actual or threatencd pe
. .

overlay over what the user cxperiences in the real world. Thus, patients, who otherwise may not be able to go to
tissue damage or cvidence for disease or lesion of the somatosensory system causing pain. Through the use of VR-based 5 o
interventions, there is evidence of neuroplastic changes in the sensory and motor regions of the brain resulting in adaptive e n e r a t I O n O f a I n S e I | I t

Journal of Pain Research 2024:17 2833-2836
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Employing the Artificial intelligence Object Detection
Tool YOLOVS8 for Real!-Time Pain Detection:

A Feasibility Study
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logy and Pain Dep: Fond: Istituto G. Giglio Cefal, Palermo, Italy,

Introduction: Effective pain management is crucial for patient care, impacting comfort, recovery, and overall well-being. Traditional
subjective pain assessment methods can be challenging, particularly in specific patient populations. This research explores an
alternative approach using computer vision (CV) to detect pain through facial expressions.

Methods: The study implements the YOLOVS real-time object detection model to analyze facial expressions indicative of pain. Given
four pain datasets, a dataset of pain-expressing faces was compiled, and each image was carefully labeled based on the presence of
pain-associated Action Units (AUs). The labeling distinguished between two classes: pain and no pain. The pain category included
specific AUs (AU4, AU6, AU7, AU9, AUI0, and AU43) following the Prkachin and Solomon Pain Intensity (PSPI) scoring method.
images showing these AUs with a PSPI score above 2 were labeled as expressing pain. The manual labeling process utilized an open-
source tool, makesense.ai, to ensure precise annotation. The dataset was then split into training and testing subscts, each containing
a mix of pain and no-pain images. The YOLOv8 model underwent iterative training over 10 epochs. The model’s performance was
validated using precision, recall, and mean Average Precision (mAP) metrics, and F| score.

Results: When considering all classes collectively, our model attained a mAP of 0.893 at a threshold of 0.5. The precision for “pain”
and “nopain” detection was 0.868 and 0.919, respectively. F1 scores for the classes “pain”, “nopain”, and “all classes” reached a peak
value of 0.80. Finally, the model was tested on the Delaware dataset and in a real-world scenasio.

Discussion: Despite limitations, this study highlights the promise of using real-time computer vision models for pain detection, with
potential applications in clinical settings. Future research will focus on evaluating the model’s generalizability across diverse clinical

scenarios and its integration into clinical workflows to improve patient care.

Keywords: pain, artificial intelligence, automatic pain asscssment, computer vision, action units

Introduction
Pain assessment is a critical component of patient care.' Since subjective methods for pain evaluation rely on self-
reporting by patients, these approaches can be prone 1o inaccuracies, especially in cases where patients are unable to
communicate effectively, such as infants,” individuals with cognitive impairments,” or those under sedation.”
Automatic pain assessment (APA) refers to a set of research and clinical methods used to provide an objective and
quantifiable measure of pain. reducing reliance on subjective self-reports.® APA usually implements artificial intelligence
(AI) stratcgics.”
systems that mimic human cognitive abilities. Computer vision (CV) is a subfield of Al and computer science that can

Al is a multidisciplinary ficld of computer science focused on designing and developing intelligent

enable computers to interpret and understand the visual world.” It encompasses many tasks, including image and video
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YOLOVvS8 feasibility study (JPR
2024): Al/computer vision

detects pain via facial expressions
(mAP ~(0.89).

Expert Consensus (2025): 628
clinicians surveyed + 26 experts
— strong agreement on
feasibility, multimodal inputs,
patient information, clinician
training, governance.

Shared message: APA is
promising, but must be validated,
mulitimodal, and ethically
implemented.
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Abstract

Background Pain is often difficult to assess, particularly in non-comrunicative patients. While artificial intelligence
(Al)-based objective Autornatic Pain Assessment (APA) systerns are a promising solution, their clinical implementation
raises essential questions, primarily regarding <linician acceptance,

Methods We conducted a survey-to- =nsus investigation on the feasibility and application of APA for clinical use.
Firstly, the steering committee implemented the CHERREIES guidelines and designed a questionnaire for healthcare
professionals. Given the survey results, 26 experts in pain medicine were asked to participate in a two-round con-
sensus by rating 10 statements through a 7-point Likert scale. Consensus was defined as = 75% agreement (“agree”
or‘completely agree”). For both phases, data was collected through online questionnaires and analyzed quantitatively.

Results For the survey, we collected responses from 628 healthcare professionals. The output highlighted excel-

lent acceptance of the technology and a preference for multidimensional techniques. After two rounds, consensus
was achieved on & out of 10 statements. Experts agreed on APA utility in supporting healthcare professionals and real-
time pain monitoring. A strong col us (96.2%) supported the need to inform patients about the use and limita-
tions of Al systems. Adequate staff training is mandatory. Moreover, 92.3% agreed on the importance of implement-
ing risk management, data quality control, and Al governance throughout the APA lifecycle. The experts stressed

the need for internal and external validation processes and periodic updates, even for research purposes. Consensus
was zls0 reached about the importance of involving interdisciplinary stakeholders and addressing regulatory, ethical,
and social implications. Multimodal inputs (e.g., physiclogical signals, facial expressions, speech, and clinical data)

in APA systerns are recommended. Additionally, APA systems should be capable of grading pain levels (e g., via NRS),
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