Appendix  1 The PRISMA 2020 reporting checklist
	
	Item Description
	Location (or reason for not reporting)

	Title and Abstract
	
	

	1. Title
	Identify the report as a systematic review.
	Page1, Title page

	2. Abstract
	Include all items from the PRISMA 2020 for Abstracts checklist.
	Page1-3, Abstract

	 Introduction
	
	

	3. Rationale
	Describe the rationale for the review in the context of existing knowledge.
	Page 3-5, Introduction;
Paragraph1-5

	4. Objectives
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	Page3-5, Introduction;
Paragraph 6

	Methods
	
	

	5. Eligibility criteria
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	Page 7, Materials and Methods, Eligibility Criteria;
Paragraph 2

	6. Information sources
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched or consulted.
	Page 6, Materials and Methods, Search Strategy and Study Identification; Paragraph 1  

	7. Search
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	Supplementary Materials, Appendix Table 2

	8. Selection Process
	Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record and each report retrieved, whether they worked independently, and, if applicable, details of automation tools used in the process.
	Page 7-8, Materials and Methods, Study Selection; 
Paragraph 1;


	9. Data collection process
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the process.
	Page8-9, Materials and Methods, Data Extraction; 
Paragraph 1-2

	 10. Data Items
	
	

	10a. Outcomes
	List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
	Page 6-9;       
Table 3,Table 4

	10b. Other Variables
	List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any assumptions made about any missing or unclear information.
	Page 6-9;
Table 1,Table 2;
Page 27, Funding


	11. Risk of bias in individual studies
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
	Page 9, Materials and Methods, Assessment of Methodological Quality; 
Paragraph 1  


	12. Effect measures
	Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
	NA

	 13. Synthesis Methods
	
	

	13a. Deciding which studies were eligible for each synthesis
	Describe the processes used to decide which studies were eligible for each synthesis (such as tabulating the study intervention characteristics and comparing against the planned groups for each synthesis described in item 5.
	Page 6-9 Table1,Table2

	13b. Data preparation methods
	Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data conversions.
	Page 6-9

	13c. Methods for tabulating or displaying results
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	NA

	13d. Synthesis methods
	Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
	NA

	13e. Methods for exploring heterogeneity
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
	NA

	13f. Sensitivity analyses
	Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
	NA

	14. Reporting bias ssessment
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	Page 9, Materials and Methods, Assessment of Methodological Quality; Paragraph 1  

	15. Certainty assessment
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	NA

	 Results
	
	

	 16. Study Selection
	
	

	16a. Results of the search and selection process
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	Page 9-10, Results, Study Selection ; Paragraph 1  
Figure 2

	16b. Excluded studies
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Supplementary Materials,Appendix Table 3

	17. Study characteristics
	Cite each included study and present its characteristics.
	Page 10-11, Results, Characteristics  of Included Studies; Paragraph 1  

	18. Risk of bias in studies
	Present assessments of risk of bias for each included study.
	Page11, Results, Quality Evaluation Figure 1

	19. Results of individual studies
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
	Page 15-17, Table 4

	 20. Results of Synthesis
	
	

	20a. Summary of studies
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	Page 11-17, Results,Quality Evaluation;
Types of Modalities Included;
Video Capture and Labeling;
Pain Assessment Scales Used for Ground Truth Labeling;
Identification of Pain Intensity Levels;
Handling of Missing Modalities;
Validation and Subgroup Analysis of Datasets;
Performance of Computerized Multimodal Pain Assessment

	20b. Statistical results
	Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
	NA

	20c. Heterogeneity
	Present results of all investigations of possible causes of heterogeneity among study results.
	Page 11-17, Results,
Types of Modalities Included;
Video Capture and Labeling;
Pain Assessment Scales Used for Ground Truth Labeling;
Identification of Pain Intensity Levels;
Handling of Missing Modalities;
Validation and Subgroup Analysis of Datasets;

Performance of Computerized Multimodal Pain Assessment

	20d. Sensitivity analyses
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
	NA

	21. Risk of reporting biases in syntheses
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	NA

	22. Certainty of evidence
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	NA

	 Discussion
	
	

	 23. Discussion
	
	

	23a. General interpretation of the results
	Provide a general interpretation of the results in the context of other evidence.
	Page17-24, Discussion,
Superior Performance of Multimodal Approaches;
Optimal Modality Combinations;
 Limitations of Single-Modality AI–Based Pain Assessment in Neonates;
Data Quality and Representativeness;
Ground Truth Standardization Issue;
Postoperative Pain Assessment and Missing Modality Handling;
Development and Clinical Translation of Multimodal Pain Assessment Systems

	23b. Limitations of included evidence
	Discuss any limitations of the evidence included in the review.
	Page17-24, Discussion,
Superior Performance of Multimodal Approaches;

Optimal Modality Combinations;

 Limitations of Single-Modality AI–Based Pain Assessment in Neonates;

Data Quality and Representativeness;

Ground Truth Standardization Issue;

Postoperative Pain Assessment and Missing Modality Handling;

Development and Clinical Translation of Multimodal Pain Assessment Systems.

	23c. Limitations of the review processes
	Discuss any limitations of the review processes used.
	Page24,Limitations 

	23d. Implications
	Discuss implications of the results for practice, policy, and future research.
	Page 25-26,
Conclusion;
Paragraph 1 -2

	 Other Information
	
	

	 24. Registration and Protocol
	
	

	24a. Registration
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	Page 6, Materials and Methods; Paragraph 1  

	24b. Protocol
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	Page 6, Materials and Methods; Paragraph 1  

	24c. Amendments
	Describe and explain any amendments to information provided at registration or in the protocol.
	NA

	25. Support
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	Page 27,Funding

	26.Competing Interests
	Declare any competing interests of review authors.
	Page 27, Disclosure


	27. Availability of data, code, and other materials
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	Page 27, Data Availability Statement
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[bookmark: OLE_LINK13]Appendix 2   Search Strategy
The search date ends on September 12, 2025
	Pubmed

	#1
	"Infant, Newborn"[Mesh]

	#2
	("Infants Newborn"[Title/Abstract]) OR ("Newborn*"[Title/Abstract]) OR ("Neonat*"[Title/Abstract]) OR( "Premature"[Title/Abstract] ) OR ( " Postmature"
[Title/Abstract] ) OR ("low birth weight infant"[Title/Abstract])

	#3
	#1 OR #2

	#4
	("Pain"[Mesh]) OR ("Pain Measurement"[Mesh]) OR ("Pain Management"[Mesh])

	#5
	Pain[Title/Abstract] OR Postoperative pain* [Title/Abstract]) OR ( Postsurgical Pain[Title/Abstract]) OR (Pain Measurement*[Title/Abstract]) OR ( Pain Management*[Title/Abstract] ) OR ( Pain Assessment*[Title/Abstract] ) OR (Acute Pain* [Title/Abstract]) OR ( Chronic Pain*[Title/Abstract])

	#6
	#4 OR #5

	#7
	("Multimodal Imaging"[Mesh]) OR ("Machine Learning"[Mesh]) OR ("Artificial Intelligence"[Mesh]) OR ("Facial Expression"[Mesh]) 

	#8
	Hybrid Imaging[Title/Abstract] OR Facial Expression[Title/Abstract] OR Facial Expressions[Title/Abstract] OR Transfer Learning[Title/Abstract] OR Deep Learning[Title/Abstract] OR Computational Intelligence[Title/Abstract] OR Neural Network Model[Title/Abstract] OR Body movement[Title/Abstract] OR Crying sound[Title/Abstract]

	#9
	#7 OR #8

	#10
	#3 AND #6 AND #9

	Web of science

	#1
	TI=(Infants Newborn OR Newborn* OR Neonate* OR Premature OR Post-mature OR low birth weight infant)

	#2
	TI=(Pain* OR Postoperative pain* OR Postsurgical Pain OR Pain Measurement*OR Pain Managements* OR Pain Assessment* OR Acute Pain* OR Chronic Pain*)

	#3
	AB=(Multimodal Imaging OR Multimodal OR Muti-modal OR Hybrid Imaging OR Artificial Intelligence OR Facial Expression OR Facial Expressions OR Face Expression OR Learning OR Deep learning OR Computational Intelligence OR Neural Network Model OR Body movement OR Crying sound)

	#4
	# 1 AND #2 AND #3

	Embase（Medline）

	#1
	('newborn'/exp OR 'newborn') AND ([embase]/lim OR [medline]/lim)

	#2
	('full term infant':ti,ab,kw OR 'human newborn':ti,ab,kw OR 'infant, newborn':ti,ab,kw OR 'neonate':ti,ab,kw OR 'neonatus':ti,ab,kw OR 'newborn baby':ti,ab,kw OR 'newborn infant':ti,ab,kw OR 'newly born baby':ti,ab,kw OR 'newly born infant':ti,ab,kw OR 'newborn':ti,ab,kw) AND ([embase]/lim OR [medline]/lim)

	#3
	#1OR #2

	#4
	('pain'/exp OR 'pain') OR ('pain assessment'/exp OR 'pain assessment'）OR ('pain measurement'/exp OR 'pain measurement') OR ('postoperative pain'/exp OR 'postoperative pain') AND ([embase]/lim OR [medline]/lim)

	#5
	('acute pain':ti,ab,kw OR 'pain evaluation':ti,ab,kw OR 'post operation pain':ti,ab,kw OR 'post-surgery pain':ti,ab,kw OR 'post-surgical pain':ti,ab,kw OR 'postoperation pain':ti,ab,kw OR 'postsurgery pain':ti,ab,kw OR 'postsurgical pain':ti,ab,kw) AND ([embase]/lim OR [medline]/lim)

	#6
	#4 OR #5

	#7
	('multimodal imaging'/exp OR 'multimodal imaging') OR ('artificial intelligence'/exp OR 'artificial intelligence') OR ('machine learning'/exp OR 'machine learning') OR ('facial expression'/exp OR 'facial expression') OR ('body movement'/exp OR 'body movement')  AND ([embase]/lim OR [medline]/lim)

	#8
	('multi modal imaging':ti,ab,kw OR 'machine intelligence':ti,ab,kw OR 'expression facial':ti,ab,kw OR 'face expression':ti,ab,kw OR 'body motility':ti,ab,kw OR 'body motion':ti,ab,kw OR 'learning machine':ti,ab,kw OR 'learning machines':ti,ab,kw) AND ([embase]/lim OR [medline]/lim)

	#9
	#7 OR #8

	#10
	#3 AND #6 AND #9

	Cochrane

	#1
	 MeSH descriptor: [Infant, Newborn] 

	#2
	(Infants Newborn OR Newborn* OR Neonat* OR Premature OR Postmature OR low birth weight infant):ti,ab,kw

	#3
	1# OR 2#

	#4
	MeSH descriptor: [Pain] OR MeSH descriptor: [Pain Measurement] OR 
MeSH descriptor: [Pain Management]

	#5
	( Postoperative pain* OR  Postsurgical Pain OR Pain Measurements OR Pain Managements OR Pain Assessment* OR Acute Pain* ):ti,ab,kw

	#6
	#4 OR #5

	#7
	MeSH descriptor: [Multimodal Imaging] OR MeSH descriptor: [Machine Learning]OR MeSH descriptor:[Artificial Intelligence] OR MeSH descriptor: [Facial Expression] OR MeSH descriptor:[Automated Facial Recognition] 

	#8
	(Hybrid Imaging OR Transfer Learning OR Computational Intelligence OR Reasoning Computer OR AI OR Machine Intelligence OR Computer Reasoning OR Facial Expression* OR Face Expression* OR Identity Recognition Facial OR Multimodel OR Body movement OR Crying sound):ti,ab,kw

	#9
	#7 OR #8

	#10
	#3 AND #6 AND #9







	Appendix 3  Reasons for excluding the literature after reading the full text

	No
	Title
	reasons for exclusion

	
	
	only about single mode
	not in image or video format
	What modes are not explicitly described
	other 

	1
	A Quantitative Examination of Extreme Facial Pain Expression in Neonates: The Primal Face of Pain across Time1
	√(Face expression)
	/
	/
	/

	2
	Artificial Intelligence Based Pain Assessment Technology in Clinical Application of Real-World Neonatal Blood Sampling2
	√(Face expression)
	/
	/
	/

	3
	Automatic and Continuous Discomfort Detection for Premature Infants in a NICU Using Video-Based Motion Analysis3
	√(Motion Analysis)
	/
	/
	Although pain is briefly mentioned at the end of the article, the focus is primarily on the concepts of comfort and discomfort.

	4
	Automatic Infants’ Pain Assessment by Dynamic Facial Representation: Effects of Profile View,Gestational Age, Gender, and Race4
	√(Dynamic Facial Representation)
	/
	/
	/

	5
	Comparative analysis of artificial intelligence and expert assessments in detecting neonatal procedural pain5
	√(Face expression)
	/
	/
	/

	6
	Decoding of pain during heel lancing in human neonates with EEG signal and machine learning approach6
	√(EEG)
	/
	/
	/

	7
	Defining and distinguishing infant behavioral states using acoustic cry analysis: is colic painful?7
	√(Crying sound)
	/
	/
	/

	8
	Face-based automatic pain assessment: challenges and perspectives in neonatal intensive care units8
	√(Face expression)
	/
	/
	This is a literature review on automated neonatal pain assessment utilizing facial expression recognition.

	9
	Full‑convolution Siamese network algorithm under deep learning used in tracking of facial video image in newborns9
	√(Face expression)
	/
	/
	/

	10
	Improved binary dragonfly optimization algorithm and wavelet packet based non-linear features for infant cry classification10
	√(Crying sound)
	/
	/
	/

	11
	Machine recognition and representation of neonatal facial displays of acute pain11
	√(Face expression)
	/
	/
	/

	12
	Mapping Cortical Responses to Somatosensory Stimuli in Human Infants with Simultaneous Near-Infrared Spectroscopy and Event-Related Potential Recording12
	/
	√
	/
	/

	13
	Multi-modal pain measurements in infants13
	/
	/
	/
	There was no description of the sample size and basic information of the people included in the study. Additionally, the pain assessment scale used to evaluate and label the video clips was not introduced.

	14
	Pediatricians’ focus of sight at pain assessment during a neonatal heel puncture14
	/
	√
	√
	/

	15
	A Machine Learning Approach to Classify Biomedical Acoustic Features for Baby Cries15
	√(Crying sound)
	/
	/
	/

	16
	A Video Database of Neonatal Facial Expression based on Painful Clinical Procedures16
	√(Face expression)
	/
	/
	/

	17
	Sparse Representation Based Facial Expression
Classification for Pain Assessment in Neonates17
	√(Face expression)
	/
	/
	/

	18
	Pose-invariant and occlusion-robust neonatal facial pain assessment18
	√(Face expression)
	/
	/
	/

	19
	Neonatal procedural pain can be assessed by computer software that has good sensitivity and specificity to detect facial movements19
	√(Face expression)
	/
	/
	/

	20
	Neonatal pain assessment: A Kendall analysis between clinical and visually perceived facial features20
	√(Face expression)
	/
	/
	/

	21
	Neonatal Face and Facial Landmark Detection from Video Recordings21
	√(Face and facial landmark detection)
	/
	/
	/

	22
	Measuring Pain in Neonates and Young Infants22
	/
	√
	√
	/

	23
	Human vs machine towards neonatal pain assessment: A comprehensive analysis ofthe facial features extracted by health professionals, parents, and convolutional neural networks23
	√(Face expression)
	/
	/
	/

	24
	Automatic detection of the expiratory and inspiratory phases in newborn cry signals24
	√(Crying sound)
	/
	/
	/

	25
	Automated Newborn Pain Assessment Framework Using Computer Vision Techniques25
	√(Face expression)
	/
	/
	/

	26
	Audio Feature Analysis for Acoustic Pain Detection in Term Newborns26
	√(Crying sound)
	/
	/
	Audio Feature Analysis  

	27
	Video-Based versus On-Site Neonatal Pain Assessment in Neonatal Intensive Care Units: The Impact of Video-Based Neonatal Pain Assessment in Real-World Scenario on Pain
Diagnosis and Its Artificial Intelligence Application27
	/
	/
	/
	Only the difference between manual assessment and re-assessment after video recording was examined; the AI-NPA neonatal pain assessment was not established.

	28
	Assessing procedural pain in infants: a feasibility study evaluating a point-of-care mobile solution based on automated facial analysis28
	/
	/
	/
	The study population was infants over 2 months old.

	29
	Deep Learning Assisted Neonatal Cry Classification via Support Vector Machine Models29
	√(Crying sound)
	/
	/
	/

	30
	Future roles of artificial intelligence in early pain management of newborns30
	/
	√
	/
	Literature review

	31
	Evaluating neonatal pain via fusing vision transformer and concept-cognitive computing31
	√(Face expression)
	/
	/
	/

	32
	Performance Evaluation of a Supervised Machine Learning Pain Classification Model Developed by Neonatal Nurses32
	√(Face expression)
	/
	/
	/

	33
	EEG, behavioural and physiological recordings following a painful procedure in human neonates33
	/
	/
	/
	The gestational age of the population included in this study ranged from 29 to 47 weeks, which did not meet our inclusion criteria for sodium-related outcomes.

	34
	A Deep Learning Approach for Infant Pain Assessment Using Facial Expressions Through Convolutional Neural Network34
	√(Face expression)
	/
	/
	/

	35
	Objective Detection of Newborn Infant Acute Procedural Pain Using EEG and Machine Learning Algorithms35
	√(EEG)
	/
	/
	/

	36
	Touchless monitoring of neonatal activity: a multi-center study36
	/
	/
	/
	Quantitative and continuous monitoring of neonatal activity through non-contact video-based monitoring methods.

	37
	Disclosing neonatal pain in real-time: AI-derived pain sign from continuous assessment of facial expressions37
	√(Face expression)
	/
	/
	/

	38
	Behavioral and Physiological Signs for Pain Assessment in Preterm and Term Neonates During a Nociception-Speciﬁc Response: A Systematic Review38
	/
	/
	/
	It is highly relevant to this study, so we read the full text, although it is only a systematic review.

	39
	Automated Newborn Pain Assessment Framework Using Computer Vision Techniques39
	√(Face expression)
	/
	/
	/

	40
	Multimodal neonatal procedural and postoperative pain assessment datase40
	/
	/
	/
	Only the database was established, but the performance of this multimodal pain assessment was not reported, and there were no outcome indicators.

	41
	Quantitative and continuous monitoring of neonatal activity through non-contact video capture monitoring methods.41
	/
	/
	/
	Full text is not available.

	42a
	Machine assessment of neonatal facial expressions of acute pain42
	√(Face expression)
	/
	/
	/

	43a
	Neonatal facial pain assessment combining hand-crafted and deep features43
	√(Face expression)
	/
	/
	/

	44a
	Relevance Vector Machine Learning for Neonate Pain Intensity Assessment Using Digital Imaging44
	√(Face expression)
	/
	/
	/

	45a
	Automated System For Detecting Pain In Neonates From Videos45
	√(Face expression)
	/
	/
	/

	46a
	Harnessing the power of deep learning methods in healthcare: Neonatal pain assessment from crying sound46
	√(Crying sound)
	/
	/
	/

	47a
	Convolutional Neural Networks for Neonatal Pain Assessment47

	/
	/
	/
	Full text is not available.


Notes: a represents the literature retrieved through citation search. √ represents mention. / Indicates that the study doesn't mention or is unclear.
Notes: a represents the literature retrieved through citation search. √ represents mention. / Indicates that the study doesn't mention or is unclear.
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