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Artiocial Int elligenc e (AI) is transforming various indus- 

tries by developing algorithms that harness big data to 

impr ov e eociency, boost pr oductivity, r educ e c osts and 

enhance the decision-making process. AI has already 

been applied in sev eral healthcar e settings and has 

demonstrat ed g r eat pr omise in identifying ineocien- 

cies and streamlining clinical worknow for healthcare 

pro viders [ 1 ]. AI-po wered tools assist physicians and 

care teams with routine tasks and reduce the time 

and r esour ces r equir ed for duties, such as da ta en try 

and visual inspection [ 2 ]. AI-assisted and AI-in tegra ted 

paradigms are also likely to play a pivotal role in future 

medical education and physician training [ 3 ]. As in other 

medical areas, AI holds immense pot ential t o r ev olution- 

ize the diagnosis, assessment and management of pain. 

How ev er, AI tools must be adopted with caution prior to 

their incorpora tion in to common clinical practice [ 4–6 ]. 

This editorial outlines the opportunities and the caveats 

of incorporating AI into pain management as the starting 

point for a broader and necessary conversation within the 

r esear ch and clinical community. 

1. Potential opportunities in assessment, 

diagnosis & management of pain 

The opportunities for AI in the pain oeld are enormous, 

but the most apparent ones come from deoning unam- 

biguous decision points that can provide specioc and 

quan tita tive outputs. 

One of the most apparent opportunities for AI in pain 

management is in determining the likely etiology of pain. 

U sing AI t o identify tr ends in medical r ecor ds and pr ovide 

a personalized diagnosis has already been applied in 

other healthcare practices [ 7 ]. Speciocally, AI algorithms 

are used in pain management to identify potential 

sources of pain in many ways. A possible approach is 

aut omat ed analy sis of imag ing t ools, such as X-ray s, 

MRIs or CTs, that will help in the diferential diagnosis of 

low back pain, e.g., spinal stenosis, disc degeneration and 

lumbar facet arthritis. While correlation between imaging 

studies and pain sourcing is not precise, an AI-based 

approach can factor other human pain biomarkers like 

activity levels, pain index, past history of pain and elec- 

tr omy og raphic data t o det ermine a probable diag nosis. 

Sy st ematic review s suggest that the best-performing 

sy st ems can diag nose degenerative changes of the spine 

with average accuracy rates > 80% [ 8 ]. Pr edictiv e pain 

models can also be developed to use various types of 

data such as patient-specioc demographic, genetic and 

disease charact eristics t o estimat e the probability of 

having or developing a particular disease or specioc 

out c ome. These pr edictiv e models hav e been dev eloped 

with r esear ch databases and need to be conormed with 

larger population-based studies. 

Another signiocant opportunity for AI in pain manage- 

ment is through pain prediction, planning and person- 

alized trea tmen t. Several studies report that data from 

electroenc ephalog rams can help predict pain intensity, 

pain phenotypes (e.g., migraine phenotypes, neuro- 

pa thic pain), and trea tmen t r esponse (e.g., r esponders 

vs nonresponders) with varying accuracies ranging from 

65 to 100% [ 9 ]. These results suggest that AI has the 

pot ential t o efectiv ely pr edict pain out c omes, which 

may eventually be used to assist clinical car e. Pr edictiv e 

algorithms may also be used to model the efectiveness 

of diferent interventions, for example to reduce the 

var iability in cur rently t est ed stimulation settings for 

neur omodulation tr eatments [ 10 ]. These models could 

optimize neuromodulation therapies in a resource eo- 

cient manner by dev eloping pr edictiv e and pr ognostic 

biomarkers [ 11 ]. Another example of the use of AI is 

personalized c og nitive behavior al ther apy [ 12 ]. Here, 

AI could utilize a pa tien t’s psy chosocial pr oole and/or 

demog raphic information t o develop pa tien t selection 

biomarkers and make decisions tailored to the individual 

pa tien t. T hese impro ved paradigms promise to increase 
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trea tmen t adherence and overall efectiveness. At last, 

recen tly -in troduced large language models may impr ov e 

pa tien t educa tion by transla ting medical terminology for 

pa tien ts and allowing them to better understand clinical 

terms and decisions [ 13 ]. The use of these tools provides 

opportunities for a mor e tailor ed pa tien t training and 

trea tmen t plan that int eg rat es biolog ic, behavioral and 

biometric data. 

Another potent opportunity for AI would be in 

the objective assessment of the functional interfer- 

enc e associat ed with pain, using data from behavioral- 

and neurophy siology-based aut omat ed assessments to 

replace the current subjective ev alua tions [ 14 , 15 ]. By 

int eg rating many streams of data such as facial expres- 

sions, imag ing or longer-t erm activity tracking, AI c ould 

help with pain assessment for vulnerable groups of 

pa tien ts such as children, ger iatr ic patients or patients 

who are unconscious or have c og nitive dy sfunction. 

These opportunities can be further utilized in tandem 

with health equity eforts. Speciocally for pa tien ts in dis- 

adv an taged communities or situa tions, semi-automa ted 

health care sy st ems can pr ovide afor dable and easily 

ac c essible measures of pain diagnosis, management, or 

assessment. One of the potential strengths of AI is to 

be able to assess the multidimensional aspects of pain, 

using several data streams t o c ome t o a single output. This 

process may be abstract and c onc eptually challeng ing 

because of the extensive set of parameters and subjective 

conclusion. How ev er, models like these can be used 

in many situations to take in sensory, biometric and 

behavioral data to come to a singular quan tita tive output. 

2. Limitations & caution 

Despite the many exciting opportunities for AI in the 

pain oeld , ther e ar e still sev eral cav ea ts, suggesting tha t 

a cautious approach is pruden t. A signiocan t limita tion 

that impedes the development of ac curat e AI models at 

present is the scarcity of comprehensive datasets. Bias 

and errors may arise if data inputs are inac curat e, particu- 

larly c onc erning minority g roups. Namely, if the training 

set is skewed towards certain demographics, then the 

entire model becomes biased and may lead to inaccurate 

results, health disparities and potential harm to some 

pa tien ts [ 6 ]. Another limitation of any AI model is that the 

input data must be very specioc. The models are trained 

with a very structured input for an equally structured 

output, meaning they cannot have too broad of a use 

case . For example , AI models often cannot generalize 

across institutions and/or signiocant diferences in the 

pa tien t popula tion (e.g., a model trained on pain in able- 

bodied individuals might fail if deployed on individuals 

with partial paraly sis). Henc e, it is vital that any model 

is not over -gener alized, but used for specioc situations. 

Many of the fundamental c onc epts t o help impr ov e pain 

management and develop new therapeutics, described 

in the Consensus Sta temen t r esulting fr om an National 

Institutes of Health (NIH) workshop [ 11 ], are equally 

applicable for the development and application of AI 

models. 

While there may be considerable beneots in imple- 

menting AI models into pain practice, ther e ar e signiocant 

in vestments in volved in the development and implemen- 

tation of the model. Limited availability of data sets to 

develop these models cause a heavy investment on the 

data collection and curation fr ont. Ther e must also be an 

in vestment f or the implemen ta tion of technology tha t is 

easily ac c essible, and training for the human input of data 

into the model . A t last, ev en w ell-trained AI models can 

r esult in err oneous conclusions . Thus , r egar dless of how 

sophisticated the method is, there needs to be clinical 

safeguar ds to ensur e that following the predictions does 

not harm pa tien ts. 

Furthermore, bioethical c onc erns that include privacy 

and conodentiality, informed consent, the impact on 

the medical profession, and justice have been raised 

r egar ding implemen ta tion of AI models [ 2 , 16 ]. Is it 

ethical for a model to make a diagnosis completely 

autonomously? Is it ethical for thousands of electronic 

health r ecor ds to be used f or training f or this model 

and does it present a security risk? A t last, ther e ar e 

many disparities in health care currently that could 

be heightened if developed incorrectly. The potential 

unint ended c onsequenc es of exac erba ting trea tmen t 

disparities along racial, ethnic and gender lines have been 

highlighted. The WHO has their own AI core principles 

that caution health care practitioners before using or 

developing an AI model for the good of any healthcare 

practice. At last, it is vital that communication is clear 

between engineers and clinical practitioners not only 

during the prediscussion, but throughout development 

of any t echnology. A s int erdisciplinary as a project like 

this would be, it is vital that discussion is happening 

thr oughout dev elopment, and not only in the initial 

stages. 

3. Future c onsider ations 

The opportunities for AI in pain are immense, between 

pain diagnosis to management to assessment with many 

mor e applications. Futur e dev elopments ar e likely to 

include aug ment ed int elligenc e, which c ould enhanc e 

pa tien t care and complement a physician’s knowledge 

and skills. The development and implementation of any 

of these solutions, how ev er, will r equir e collaboration 

between stakeholders and proper checks and balances at 
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every stage of review. Prospective clinical data should be 

used to v alida te the model’s eocacy, value and impact 

on pa tien t-cen tered outcomes, such as pain, physical 

function and psychosocial improvement. In addition, 

healthcar e pr oviders must ensur e tha t the applica tion has 

safeguards in place, including meticulous governance, 

that w ould pr otect pa tien t priv acy [ 2 , 17 ]. Pain practi- 

tioners can c ontribut e by c ollecting r eliable data fr om 

diverse pa tien t groups so that future innov a tions can 

be evidence-based and equitable. AI should be viewed 

as a complementary tool that does not replace clini- 

cians but helps augment physician–pa tien t rela tionship 

by automating routine tasks, and increasing time with 

pa tien ts [ 18 ]. 
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