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pies, but also two distinct diagnostic procedures. Com-
pleting this intricate picture is the correlation between 
rare pathologies and pain, thus representing children who 
are sometimes orphans among orphans [6]. Notably, the 
WHO establishes that these are precisely the patients who 
deserve the gold standard of pain treatment [7].

Gold standards which to date, precisely because of 
what was expressed above, can be assured.

In this scenario, artificial intelligence (AI) can prove to 
be a powerful resource. When properly developed, this 
complex set of technologies has the potential to deliver 
remarkable benefits. For example, AI can analyze very 
large and multidimensional datasets allowing easier diag-
nosis of pain, especially in patients in whom cultural and/
or cognitive barriers are present [8, 9].

Moreover, pain assessment and management in 
patients with cognitive impairment is often extremely 
challenging. The use of AI approaches, embedding objec-
tive features useful for automatic pain assessment such 
as facial expressions and crying with vital signs and the 
patient’s history [10], would allow a more accurate and 
timelier diagnosis [11]. Additionally, AI-based meth-
ods such as those derived from machine learning mod-
els have been implemented for defining pain trajectories 
[12]. More properly, AI could predict those morbid con-
ditions at real risk of developing chronic pain. The abil-
ity to quickly analyze a huge flow of data would allow the 

Chronic pain in children is certainly a hot topic, both in 
terms of research and assistance [1]. Conducting rigor-
ous and well-structured studies in this field is difficult and 
expensive. This difficulty translates into a lack of evidence 
that complicates pain management in this population [2]. 
Consequently, pain physicians deal with chronic pediatric 
pain with difficulty [2]. In this situation, artificial intelli-
gence (AI) can be a powerful resource [3]. For example, 
the lack of well-established tailored approaches is a key 
issue. Personalized pathways should evaluate not only the 
patient in his entirety, but also and above all in his unique-
ness [4]. This is even more true and evident in the case 
of children. The word “children” includes very different 
categories of patients, from patients of just a few months 
of age to adolescent featuring completely different ana-
tomical-physiological and pathological characteristics [5]. 
Approaching the same painful pathology in an infant or 
adolescent certainly involves not only two different thera-
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Abstract
Given the lack of scientific evidence, chronic pain represents an arduous challenge, especially in the pediatric field. 
In this complex scenario, artificial intelligence (AI) could support diagnosis, therapy, and research. However, the 
great potential of AI must be combined with the protection of data and the most fragile patients.
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creation of alerts that would allow the physician to make 
the final diagnosis [13].

These instruments represent valid help. Another prom-
ising application of AI technology in managing pediatric 
chronic pain is its capability to support the entire fam-
ily. From a family-centered perspective, it is crucial to 
have a tool that facilitates interaction between all family 
members and the doctor, ensuring the best possible sup-
port for the patient [14, 15]. This is beneficial not only in 
terms of trust, but also and above all logistics since spe-
cialized centers dealing with pediatric pain are generally 
third level, and therefore not widespread throughout the 
territory [16]. Therefore, technology implementation can 
reduce, if not eliminate, distances [17]. Various AI-driven 
interventions for pain management have demonstrated 
positive outcomes. For instance, an AI-powered inter-
active toy reduced perceived postoperative pain by 25% 
and enhanced coping strategies by 20% compared to con-
ventional methods [18]. Likewise, AI-assisted relaxation 
techniques significantly decreased preoperative anxiety 
(p < 0.05) and led to notable improvements in caregiver-
reported quality of life [19].

However, all these important innovations are not with-
out risks. Although AI is a powerful tool, it cannot and 
must not replace physicians for diagnosis and therapy. 
Furthermore, pivotal ethics issues emerge. For example, 
the use of sensitive data, especially in children, requires 
severe and stringent data retention policies. A possible 
data leak could cause damage to privacy, and to health-
care processes. Furthermore, using algorithms in an 
indiscriminate and uncontrolled manner would mean 
creating potential bias, labeling patients with patholo-
gies and/or conditions that do not belong to them. All 
technological innovations in medicine represent a great 
opportunity, but also a challenge that needs to be gov-
erned. It is no coincidence that the European Union has 
dealt with this topic with an official act in order to regu-
late the use of AI [20]. However, the rules are not enough, 
and crossing over into the field of bioethics is mandatory. 
Finally, in addition to technical training, equal empha-
sis must be placed on developing soft skills, particularly 
bioethics. This becomes even more critical when treat-
ing a child, who is not only inherently vulnerable but also 
requires care that extends to the entire family.

Abbreviations
AI	� Artificial Intelligence
WHO	� World Health Organization

Acknowledgements
The authors would like to thank the the Scientific Direction of the Ospedale 
Pediatrico Bambino Gesù IRCCS for the collaboration.

Author contributions
Conceptualization, A.V.; resources, M.C.; writing—original draft prepa-ration, 
A.V.; writing—review and editing, M.C.; funding acquisition, A.V. All authors 
have read and agreed to the published version of the manuscript.

Funding
This work was supported also by the Italian Ministry of Health with “Current 
Research funds”.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not competent.

Consent for publication
Not competent.

Competing interests
Alessandro Vittori MD, PhD is member of the Editorial Board of BMC Perdiatrics 
and Guest Editor of the Special Issue “Advances in Pediatric pain research and 
management”. Marco Cascella MD, PhD has no competing interests.

Received: 9 February 2025 / Accepted: 23 May 2025

References
1.	 Eccleston C, Fisher E, Cooper TE, Grégoire M-C, Heathcote LC, Krane E, et al. 

Pharmacological interventions for chronic pain in children: an overview of 
systematic reviews. Pain. 2019;160:1698–707.

2.	 O’Connell N. Clinical management in an evidence vacuum: Pharmacological 
management of children with persistent pain. Cochrane Database Syst Rev. 
2019;6:ED000135.

3.	 Hashimoto DA, Witkowski E, Gao L, Meireles O, Rosman G. Artificial intel-
ligence in anesthesiology: current techniques, clinical applications, and 
limitations. Anesthesiology. 2020;132:379–94.

4.	 Bruehl S, Apkarian AV, Ballantyne JC, Berger A, Borsook D, Chen WG, et al. 
Personalized medicine and opioid analgesic prescribing for chronic pain: 
opportunities and challenges. J Pain. 2013;14:103–13.

5.	 Jagannathan N, Asai T. Difficult airway management: children are differ-
ent from adults, and neonates are different from children! Br J Anaesth. 
2021;126:1086–8.

6.	 Waisel DB. Vulnerable populations in healthcare. Curr Opin Anaesthesiol. 
2013;26:186–92.

7.	 Guidelines on the management. of chronic pain in children. [cited 2025 Feb 
5]. Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​p​u​b​​l​i​​c​a​t​​i​o​n​​s​/​i​/​​i​t​​e​m​/​9​7​8​9​2​4​0​0​1​7​8​7​0

8.	 Schulte FSM, Patton M, Alberts NM, Kunin-Batson A, Olson-Bullis BA, Forbes C, 
et al. Pain in long-term survivors of childhood cancer: A systematic review of 
the current state of knowledge and a call to action from the children’s oncol-
ogy group. Cancer. 2021;127:35–44.

9.	 Cascella M, Bimonte S, Saettini F, Muzio MR. The challenge of pain assessment 
in children with cognitive disabilities: features and clinical applicability of 
different observational tools. J Paediatr Child Health. 2019;55:129–35.

10.	 Hoti K, Chivers PT, Hughes JD. Assessing procedural pain in infants: a feasibil-
ity study evaluating a point-of-care mobile solution based on automated 
facial analysis. Lancet Digit Health. 2021;3:e623–34.

11.	 Piette JD, Newman S, Krein SL, Marinec N, Chen J, Williams DA, et al. Patient-
Centered pain care using artificial intelligence and mobile health tools: A ran-
domized comparative effectiveness trial. JAMA Intern Med. 2022;182:975–83.

12.	 Arane K, Behboudi A, Goldman RD. Virtual reality for pain and anxiety man-
agement in children. Can Fam Physician. 2017;63:932–4.

13.	 Wu H, Chen Z, Gu J, Jiang Y, Gao S, Chen W, et al. Predicting chronic pain and 
treatment outcomes using machine learning models based on High-dimen-
sional clinical data from a large retrospective cohort. Clin Ther. 2024;46:490–8.

14.	 Montomoli J, Bitondo MM, Cascella M, Rezoagli E, Romeo L, Bellini V, et al. 
Algor-ethics: charting the ethical path for AI in critical care. J Clin Monit 
Comput. 2024;38:931–9.

15.	 Marchetti G, Vittori A, Cascella M, Mascilini I, Piga S, Petrucci E, et al. Pain 
prevalence and pain management in children and adolescents in an Italian 
third level pediatric hospital: a cross-sectional study. Ital J Pediatr. 2023;49:41.

https://www.who.int/publications/i/item/9789240017870


Page 3 of 3Vittori and Cascella BMC Pediatrics          (2025) 25:433 

16.	 Wolfler A, De Silvestri A, Camporesi A, Ivani G, Vittori A, Zadra N, et al. Pediatric 
anesthesia practice in Italy: a multicenter National prospective observational 
study derived from the APRICOT trial. Minerva Anestesiol. 2020;86:295–303.

17.	 Ahmed Kamal M, Ismail Z, Shehata IM, Djirar S, Talbot NC, Ahmadzadeh S, et 
al. Telemedicine, E-Health, and Multi-Agent systems for chronic pain manage-
ment. Clin Pract. 2023;13:470–82.

18.	 Li J, Chen K, Yang L, Mutsaers M, Barakova E. EGG: AI-Based interactive design 
object for managing Post-operative pain in children. In: Ferrández Vicente 
JM, Val Calvo M, Adeli H, editors. Artificial intelligence for neuroscience and 
emotional systems. Cham: Springer Nature Switzerland; 2024. pp. 322–31.

19.	 Kerth J-L, Hagemeister M, Bischops AC, Reinhart L, Dukart J, Heinrichs B, et 
al. Artificial intelligence in the care of children and adolescents with chronic 
diseases: a systematic review. Eur J Pediatr. 2024;184:83.

20.	 AI Act| Shaping Europe’s digital future. 2025 [cited 2025 Feb 5]. Available 
from: ​h​t​t​p​s​:​​​/​​/​d​i​g​i​t​​a​​l​​-​s​t​r​​a​t​e​​g​​y​​.​​e​​c​.​e​u​​r​o​​p​​a​​​.​e​u​​​/​e​n​​/​p​o​l​​i​​​c​i​e​​s​/​r​e​​g​u​l​​a​​t​​o​r​y​-​f​r​a​m​​e​w​o​r​
k​-​a​i

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai
https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai

	﻿AI for chronic pain in children: a powerful resource
	﻿Abstract
	﻿References


