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ABSTRACT

Context: Over 20% of US adults report they experience pain on most days or every day. Uncontrolled pain has

led to increased healthcare utilization, hospitalization, emergency visits, and financial burden. Recognizing,

assessing, understanding, and treating pain using artificial intelligence (AI) approaches may improve patient

outcomes and healthcare resource utilization. A comprehensive synthesis of the current use and outcomes of

AI-based interventions focused on pain assessment and management will guide the development of future

research.

Objectives: This review aims to investigate the state of the research on AI-based interventions designed

to improve pain assessment and management for adult patients. We also ascertain the actual outcomes of

Al-based interventions for adult patients.

Methods: The electronic databases searched include Web of Science, CINAHL, PsycINFO, Cochrane CENTRAL,

Scopus, IEEE Xplore, and ACM Digital Library. The search initially identified 6946 studies. After screening, 30

studies met the inclusion criteria. The Critical Appraisals Skills Programme was used to assess study quality.

Results: This review provides evidence that machine learning, data mining, and natural language processing

were used to improve efficient pain recognition and pain assessment, analyze self-reported pain data, predict

pain, and help clinicians and patients to manage chronic pain more effectively.

Conclusions: Findings from this review suggest that using AI-based interventions has a positive effect on pain

recognition, pain prediction, and pain self-management; however, most reports are only pilot studies. More

pilot studies with physiological pain measures are required before these approaches are ready for large clinical

trial.
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INTRODUCTION

More than 50 million American adults (20.5%) report pain on most

or every day.29 Pain has been linked to sleep disturbance, restrictions

in physical activities, limitations in daily functioning (eg, social

activities and activities of daily living), common mental problems,

and reduced quality of life.6,14,28,29,31 Uncontrolled pain has also

been found to increase healthcare utilization, hospitalization, emer-

gency department visits, and financial burden.4,5,8 According to the

results of the Medical Expenditure Panel Survey, financial costs of

managing pain had been up to $635 billion in the United States.39
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Recognizing, assessing, understanding, and treating pain can

improve outcomes of patients and healthcare use.4,5,8 A consider-

able amount of literature has been published on pain assessment and

pain management,3 mainly focusing on finding comprehensive pain

assessment and optimal multidisciplinary management

approaches.12,26 One review by Helfand and Freeman12 synthesized

pain assessment and pain management in adult medical inpatients.

They proposed that more research is needed to provide timely care

and effective pain management in clinical settings.12 They further

pointed out that little is known about automatic pain intensity

screening.12 Similarly, Nuseir et al26 stated that pain management is

multifactorial and complex, so it requires efforts from professionals

from multiple disciplines. Together these papers indicate that

automation-oriented approaches with multidisciplinary input could

improve the quality of pain care. One such automation approach is

artificial intelligence (AI).

In recent years, there has been an increasing interest in the imple-

mentation of AI in medicine.10 The term AI has come to be used to

refer to a branch of engineering that implements novel concepts and

novel solutions to resolve complex challenges.10 The spectrum of AI

includes, but is not limited to, machine learning (ML), deep learn-

ing, data mining, and natural language processing.10 ML is defined

as the discovery and testing of algorithms that assist pattern recogni-

tion, classification, and prediction, based on models built from exist-

ing data.36 ML does not use explicit programming but requires

features defined by humans.42 Deep learning is a subset of ML based

on artificial neural networks (ANNs) that does not require any fea-

ture definition from humans.36 Data mining refers to the process of

uncovering patterns and transforming them into insight from large

data sets.37 In contrast to data mining, which solely seeks out pat-

terns that already exist in the data, ML goes beyond the past to pre-

dict future outcomes based on the existing data.42 Natural language

processing is the computerized approach to understand, interpret,

and manipulate spoken words and text.38

Literature reviews have recognized the critical role AI has in clin-

ical settings. Triantafyllidis and Tsanas34 conducted a review to

appraise the literature on ML application in real-life digital health-

care services. They found that digital health approaches integrating

ML models into real-life research could be useful and efficient.34 AI

could be used to diagnose diseases, select treatments, monitor

patients, and many others.24,25 Specifically, AI have contributed to

high-performance data-driven medicine, to refine care pathways, to

recommend optimal medications for patients, and to enhance clini-

cal assertions.11,33 Although these articles outlined significant find-

ings for AI use in medicine, they mainly focused on general health

care in clinical settings. To date, little attention has been paid to AI

in pain search specifically. It is hoped that this review will contribute

to a deeper understanding of the use of AI in pain research to

improve clinical practice.

Collectively, studies mentioned above have demonstrated that AI

has advanced understanding in multiple areas of clinical care, but

none has fully discussed the application of AI to enhance pain assess-

ment and management. In the last 5 years, a growing number of

studies have emerged that use AI-based interventions to improve

pain recognition, prediction, and self-management. A comprehen-

sive synthesis of the current use of AI-based interventions in pain

assessment and management and their outcomes will help to guide

the development of future research and inform best practices. Thus,

two primary aims of this review are: (1) to investigate the state of

the research of AI-based interventions designed to improve pain

assessment and management for adult patients in clinical settings

and (2) to ascertain the outcomes of AI-based interventions in this

population.

Since our goal is to synthesize findings that may help understand

and evaluate potential clinical use, we exclude the studies that do not

test an AI-based intervention. We exclude studies focused on the pedia-

tric population because pediatric pain has different features, along with

their physiology, assessment, management based on patient’s age,

developmental stage, communication skills, and their medical condi-

tion.40 We also exclude studies that used AI on physiological signals.

Although such studies can illuminate the potential mechanisms of the

pain experience, the AI plays a limited role in the clinician’s or patient’s

decision-making process. A recently published systematic review pro-

vides a comprehensive summary of the current knowledge regarding

the association between physiological signals and pain.56

METHODS

The process consists of five stages: (1) identifying the research ques-

tion; (2) identifying relevant studies; (3) study selection; (4) charting

the data; and (5) summarizing and reporting the results.41

Information sources and search strategy
Sensitive search strategies comprised of both index and keyword

terms were developed with the assistance of a health sciences librar-

ian with expertise in conducting literature searches for systematic

reviews for the following databases: Web of Science, PubMed,

CINAHL (Cumulative Index for Nursing Allied Health Literature,

EBSCO platform), PsycINFO (APA platform), Cochrane CENTRAL

(Wiley platform), Scopus (Elsevier platform), IEEE Xplore (Institute

of Electrical and Electronics Engineers), and ACM Digital Library

(Association for Computing Machinery). A search was performed

encompassing all articles on October 4, 2022. To enhance the com-

prehensiveness of our search strategies, we reviewed the references

of relevant literature reviews and their search strategies, as well as

consulted experts in pain management and AI. The full PubMed

search strategy, as detailed in Supplementary Appendix S1, was

adapted for use with the other electronic databases. Complete search

strategies are available upon request.

Inclusion and exclusion criteria
The inclusion criteria were: (1) study design: feasibility studies, pilot

studies, evaluation studies, experimental studies, and quasi-

experimental studies and (2) study focus: a study testing an AI includ-

ing ML, data mining, and natural language processing to improve

pain assessment and management for adult patients (older than 18

years old). The exclusion criteria were: (1) language: articles not writ-

ten in English, (2) study design: studies that do not test an AI-based

intervention or focus on physiological signals of pain, (3) article type:

nonpeer-reviewed studies, case study, conference abstracts, editorials,

and reviews, and (4) population: pediatric population.

Study selection process
The study selection process is summarized in Figure 1. The original

search identified 6946 unique articles. After duplicates were deleted,

a total of 3545 papers were imported into Rayyan, a web-based sys-

tematic review program, and two reviewers screened the titles and

abstracts of the entire set independently by applying the inclusion

and exclusion criteria (MZ and LZ). The percentage agreement of

the initial title/abstract review between the two reviewers was 96%,

and the discrepancies were resolved through discussion among the
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authors. After screening the titles and the abstracts, an additional

3407 articles were removed, and 138 full-text articles were reviewed

in depth by the same two reviewers. The percentage agreement of

the full-text review was 91.8%. Discrepancies were resolved

through consensus discussions. We compared the included studies in

our review with other reviews in the literature to ensure all impor-

tant studies on this topic were included. Finally, 30 articles were

included in this scoping review.

Quality assessment
The quality of each included study was assessed using the Critical

Appraisals Skills Programme (CASP).35 The CASP classifies studies

into eight broad categories: qualitative research; randomized con-

trolled trials (RCTs); systematic reviews; cohort studies; case control

studies; economic evaluations; diagnostic studies; and clinical pre-

diction rule. The CASP consists of different screening questions

based on the study categories. A score in percentage was assigned to

each study based on the number of criteria met.

Data extraction
For each included study, information on study design, settings, diag-

nosis, sample, sample size, methods, and major outcomes is

extracted.

RESULTS

Thirty papers fulfilled the criteria for inclusion. Tables 1 and 2 list a

summary of key characteristics of included studies.

Figure 1. PRISMA flow diagram.
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Characteristics of included studies
Most included studies were published in the last 10 years (n¼24,

80%). About half of the studies were conducted in the United States

(n¼13, 43%). The sample size ranged from 10 to 26 090, varying

by the characteristics of the participants and the research aim.

Nearly half of the studies (n¼12, 40%) had a sample size of less

than 100. If the study was a secondary analysis, it tended to have a

larger sample size. Most participants in the studies had experienced

pain before the study, including low back pain (n¼7, 23%),

shoulder pain (n¼5, 17%), general chronic pain (n¼5, 17%),

or surgical pain (n¼2, 7%). Only 15 studies (50%) provided

patients’ age information; the mean age ranged from 46.4 to 68

across studies.

Types and definitions of interventions
We categorized the interventions into the following three main

types: (1) AI-based approaches related to pain assessment, which is

used here to refer to using AI to assist clinical judgment of pain

based on the significance and context of the individual’s pain experi-

ence, (2) AI-based approaches related to pain prediction and clinical

decision support, and (3) AI-based approaches related to pain self-

management, which is defined as the process of providing self-care

to alleviate or reduce pain with AI-based approaches.

Type 1: AI-based approaches related to the pain

assessment (n 5 12, 40%)
Seven studies developed novel models for pain recognition with ML

(n¼8, 23.3%).7,17,23,47,49–51 In 2011, Lucey et al23 described an

active appearance model-based computer vision system which can

detect pain automatically through facial action units. Five years

later, Kharghanian and coworkers reported a non-Action Units-

based model, which entirely used unsupervised learning of facial

expressions.17 In 2018, Dutta and M7 proposed a hybrid model,

which consisted of a combination of the Constrained Local Model,

active appearance model, and Patch-Based Model. Finally, in 2022,

Hosseini et al49 achieved a promising increase in terms of estimation

precision and performance. All of them used the UNBC-MacMaster

Shoulder Pain Expression Archive dataset to test their

model.7,17,23,49 A total of 48 398 photographs are included in the

database, which features 200 sequences across 25 subjects.7,17,23,49

They all were able to detect pain successfully with relatively high

accuracy.7,17,23,49 Of note, the last two approaches contributed to

automatic pain detection from a live stream even in low-light condi-

tions and with a low-resolution recording device.7,49 Similarly, Hos-

sain et al found that cloud-assisted pain recognition servers could

achieve more than 95% accuracy and generate the response within

three seconds.15 Besides, Wu et al50 reported that advanced deep

learning model could be used for automated pain assessment based

on facial expressions in critically ill patients.

Both Fodeh et al9 and Suominen et al32 evaluated the AI-based

approach to analyze clinical notes to identify components related to

pain assessment (n¼2, 12%). To be more specific, Fodeh et al9 suc-

cessfully developed a random forest classifier to identify clinical

notes with pain assessment information by employing ML algo-

rithms. In the same vein, Suominen et al32 suggested that pain-

related notes encouraged the creation of new pain assessment instru-

ments with human language technology.

Behrman et al evaluated whether ANNs could improve current

pain scoring systems.3 ANNs are computer-based techniques that

have been frequently applied for classifying clinical data and

patients.3 They concluded that the accuracy obtained by ANN anal-

ysis was only slightly higher than traditional approaches.3 Further-

more, Atee et al2 proposed a novel system of pain assessment using a

combination of technologies: automated facial recognition and anal-

ysis, smart computing, affective computing, and cloud computing

for people with advanced dementia. After conducting two prospec-

tive observational studies with moderate to severe dementia

patients, the author stated that this novel system might contribute to

pain assessment for people who cannot verbalize.2 Taken together,

these studies support the notion that AI-based interventions poten-

tially improve pain assessment.2,3

Table 1. A summary of key characteristics of included studies

(N¼ 30)

Number of studies (%)

Publication year
• Before 2010 4 (13%)
• 2010–2014 1 (3%)
• 2015–2020 14 (47%)
• 2021–2022 11 (37%)

Country
• United States 13 (43.3%)
• China 3 (10%)
• Denmark 2 (7%)
• India 2 (7%)
• Australia 1 (3%)
• Germany 1 (3%)
• Finland 1 (3%)
• Czech Republic 1 (3%)
• India 1 (3%)
• Kingdom of Saudi Arabia 1 (3%)
• Iran 1 (3%)
• Korea 1 (3%)
• Japan 1 (3%)
• United Kingdom 1 (3%)
• Taiwan 1 (3%)

Types of AI approaches
• Pain management 10 (33%)
• Pain assessment 8 (27%)
• Others 12 (40%)

Types of pain
• Back pain 7 (23%)
• Shoulder pain 5 (17%)
• General chronic pain 5 (17%)
• General pain 7 (23%)
• Not specify 6 (20%)

Sample size (# of participants)
• >500 8 (27%)
• 100–499 10 (33%)
• 50–99 7 (27%)
• 11–49 4 (13%)
• �10 1 (3%)

Study design
• Diagnostic study 11 (37%)
• Pilot study 3 (10%)
• Cohort study 5 (17%)
• Retrospective study 4 (13%)
• Longitudinal study 4 (13%)
• Observational Study 3 (10%)

Settings
• Community 18 (60%)
• Pain or primary care clinic 5 (17%)
• Hospital 7 (27%)
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Type 2: AI-based approaches related to pain prediction

and clinical decision support (n 5 10, 33%)
There are several published studies on AI-based approaches for

improved pain prediction.13,21,27,48,52–55 Lötsch et al21 used super-

vised ML to generate a short type of questionnaire that performed

as effectively as the complete questionnaire in predicting persistent

postsurgical pain. Likewise, Nickerson et al27 used Neural Network

Architectures for predicting pain response. They proposed that this

new approach offered superior results to conventional approaches.27

AI-based techniques may also have positive effects on pain treat-

ment, such as assisting pain physiotherapy and facilitating screening

of consults to optimize specialist utilization. A pilot study by Honcu

et al13 pointed out that a computer kinesiology system could aid

physiotherapy in patients with low back pain. Interestingly, Guan et

al developed a deep learning model for predicting pain progression

using demographic, clinical, and radiographic risk factors.54 In view

of all that has been mentioned so far, AI-based interventions could

potentially improve pain prediction and pain treatment.13,21,27

Two studies developed AI-based approaches to support physi-

cians (n¼2, 12%).18,20 One study established a computer-based

decision support system to help pain specialists choose proper pain

treatment.18 As a result, this system increased the physician’s ability

to manage chronic pain and further positively affected the optimiza-

tion of specialist utilization in hospital settings.18 Another study has

shown that reinforcement learning could help pain specialists make

better decisions about patient’s opioid dosing.20 Thus far, the studies

present evidence that an AI-based approach could help both patients

and physicians to improve patient’s pain management.18,20

Type 3: AI-based approaches related to pain self-

management (n 5 8, 27%)
Five studies developed an app to facilitate patients’ pain manage-

ment with an ML algorithm.1,19,30,43,44 One study aimed to opti-

mize pain questionnaires using support vector ML with recursive

feature elimination.16 The length of intervention ranges from 5

weeks to 6 months.1,19,30 Sandal et al developed and tested the

effectiveness of the selfBACK app to provide weekly tailored self-

management plans targeting physical activity, strength and flexibil-

ity exercises, and education for patients with low back pain.1,43

Similarly, Lo et al19 evaluated a mobile APP that is designed to

increase adherence to therapeutic exercises, affect pain levels, and

reduce the need for other interventions for patients with chronic

neck and back pain. Rabbi et al,30 in contrast, constructed a new

mobile app to address psychological barriers of chronic pain with

auto-personalized physical activity recommendations. Reinforce-

ment learning was used to make their recommendations continually

adaptive.30 Meheli et al44 found that Cognitive Behavioral Therapy-

Based Artificial Intelligence Mental Health App could help to

address users’ concerns related to mental health, pain management,

and sleep issues for patients with chronic pain. In addition, Huang

et al16 pointed out that feature selection and classification models

also play an essential role in optimizing subset questions of a pain

questionnaire to assist self-management for patients with chronic

pain.

Outcomes of all above studies were measured at baseline and

postintervention.1,19,30,43–46 Most of the studies used a question-

naire or interview to evaluate if the intervention is effective before

and after the intervention, and all of the mobile apps have some pos-

itive effects on patient’s health outcomes.1,19,30,43,44 To explain it

further, the automated approach has achieved preliminary success

to decrease patient’s pain levels (n¼5, 17%),1,30,43,44,46 promote

physical activity in a chronic pain context (n¼2, 7%),16,30 assist

with adherence of physician’s recommendations (n¼1, 3%),19

improve primary health outcomes (n¼1, 3%),1 and reduce the

usage of other interventions (n¼1, 3%).30

Study quality assessment
The study quality was assessed using the CASP. A score in percent-

age was assigned to each study based on its study design and the cor-

responding criteria (please see detailed evaluation in Table 3). Six

studies (20%) with a qualitative design scored 70% or 80% on

CASP, indicating relatively high levels of study quality. Some studies

did not meet all the criteria because they did not consider ethical

issues, or the relationship between researcher and participants was

not addressed adequately. Ten studies (33%) with a diagnostic test

study design scored 44% on CASP, indicating relatively low levels

of study quality. The primary reason of the low quality is that they

did not provide a comparison with an appropriate reference stand-

ard result. Two RCTs (7%) scored 91% on CASP. They meet most

of the criteria except that they did not fully explain if the experimen-

tal intervention provided greater value to the patient’s care than any

existing interventions. Two studies (7%) with a cohort study design

scored 100% on CASP, indicating high levels of study quality. The

other two studies (7%) with a cohort study design scored 80%.

They did not meet all the criteria because the exposure was not accu-

rately measured to minimize bias. Also, one study lost follow-up

with some participants due to surgery, and another study did not

explain whether the results of their study fit with other available evi-

dence. To sum up, the quality of included studies is closely related to

their study design. Diagnostic research tends to have relatively low

quality, and other studies have moderate to high quality.

DISCUSSION

This review synthesized existing research evidence on AI-based

interventions designed to enhance pain assessment and management

for adult patients and identified three major types of interventions:

AI-based approaches to pain assessment, AI-based approaches to

pain prediction and clinical decision support, and AI-based

approaches to pain self-management. Compared to prior systematic

reviews which focused on ML in pain research only or low back

pain only, this paper extended these previous results, included all

main AI technologies (ML, data mining, and natural language proc-

essing) and different types of pain, canvased the state of the science

of AI-based pain interventions for adult patients, and ascertained

patient outcomes of such interventions.22 We also provide some sug-

gestions for clinical practice and future research.

Type 1: AI-based approach related to pain assessment
Several lines of evidence suggested that technology could improve

pain recognition, pain scoring and facilitate the use of clinical notes

with pain assessment information to identify pain automati-

cally.7,17,23,47,49–51 One source of weakness in the pain recognition

studies which may affect the generalizability of the results is that

most of them use the same database to test the model. A natural pro-

gression of this type of work is to analyze their models in other data-

bases and compare different strategies in real-life clinical use.

Further research could also be conducted to develop an updated

model to improve the accuracy of pain recognition and allow it to

work in a more complex environment. Computational tools may
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detect patient’s pain status from clinical notes automatically,

although this reflects provider documentation and not real-time

assessment of patient expressions of pain The most important limi-

tation of these studies lies in the fact that the tools could only deter-

mine the presence or absence of a pain note; they did not have the

capability to detect the specific quality and quantity of pain, high-

lighting an area in need of further exploration. A combination of

technologies could also help conduct pain assessment for patients

who are nonverbal or have limited language skills, such as those

with severe dementia. Further work is required to establish the via-

bility of these novel systems and test different combinations of tech-

nologies. Also, comparison with an appropriate reference standard

should be considered in future research.

Type 2: AI-based approaches related to pain prediction

and clinical decision support
AI-based approaches can facilitate postoperative pain predic-

tion.13,21,27,48,52–55 It has been shown that the ML approach can be

used to select key questions in a pain questionnaire to predict pain

persistence with relatively high accuracy. This is an important issue

for future research since this approach could decrease patient’s bur-

den (eg, less time to fill out the questionnaire) significantly. In future

investigations, it is essential to test this approach in other cohorts of

patients. In another promising study, Nickerson et al27 proposed

that modern neural network architectures could be used to predict

pain response for patients with analgesic administration. However,

the data were limited to postoperative subjects. Further research

should be undertaken to investigate the best model and test it with

more patients or more types of pain. One pilot study found that a

computer diagnostic and therapeutic medical information system

could improve low back pain treatment.13 The result is promising,

but it should be interpreted with caution. Some potential bias

includes different duration of pain treatment and the different pain

assessment tools.13 Thus, research using controlled trials is needed

to assess the effectiveness of these novel systems to improve pain

therapy.

Computational support systems for physicians were promising.

These systems could facilitate optimizing physician utilization, rec-

ommending doses of medication, and aid decision-making.18,20

However, these systems still faced some impediments. First, the con-

tent in a rule-based expert system was static, and it was difficult to

update the system to align with the current pain practice guideline

timely and continuously.18,20 An additional barrier was the reluc-

tance of many specialists to use the system during actual patient care

if they were the experts in this field.18,20 Moreover, these studies

were limited to a single center.18,20

Type 3: AI-based approach related to pain self-manage-

ment
AI-embedded apps were found to have positive effects on pain man-

agement, including reducing pain level, reducing the usage of other

interventions, and assisting therapeutic exercise.1,19,30,43–46 How-

ever, the generalizability of these results is subject to certain limita-

tions. For instance, some studies only assessed the general pain level

instead of the pain on each specific site. In addition, since the studies

were limited to the immediate post intervention effects (eg, decrease

patient’s pain levels, promote patient’s physical activity, and assist

with adherence of physician’s recommendations) of AI-embedded

mobile app, it was impossible to know the sustained effects of those

interventions.1,19,30,44–46 Therefore, research is needed to determine

if the improvement of pain level could lead to changes in other func-

tions or other long-term physiological changes. These studies did

not evaluate adherence to use of these AI-based apps. In addition,

further research should compare these interventions with routine

clinical pain care to establish benefit in adopting an innovative

methodology to optimize pain assessment and management. Finally,

these studies were limited by small sample size and self-reported

subjective data. More pilot studies with physiological pain measures

are required before these approaches are ready for large clinical

trial.

Implications
This combination of findings provides some evidence that AI could

facilitate pain assessment and self-management, primarily through

ML. However, there is abundant room for further progress in pain

prediction or developing clinical support systems for pain treatment

with AI approaches. It is somewhat surprising that only one study

was noted using electronic health record (EHR) data. Thus, further

research should be undertaken to explore how to use EHR data with

AI-based approaches to improve pain care. Most of these

approaches only apply ML and extension to study of data mining or

natural language processing techniques is therefore suggested. It is

also essential that future research involving these interventions

include more diverse populations and settings.

LIMITATIONS

This review was limited to studies published in English and excluded

editorials, dissertations, conference abstracts, and reviews. This

review is also limited to nonpediatric populations and excluded the

physiological signals studies.

CONCLUSION

Findings from this review suggest that using AI-based interventions

to improve pain recognition, prediction, and self-management is

effective; however, most studies are pilot studies. Future research

should focus on examining AI-based approaches in larger cohorts

and over a longer period to evaluate sustained effects.
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1. Sandal LF, Øverås CK, Nordstoga AL, et al. A digital decision support sys-

tem (selfBACK) for improved self-management of low back pain: a pilot

study with 6-week follow-up. Pilot Feasibility Stud 2020; 6 (1): 11.

2. Atee M, Hoti K, Hughes JD. A technical note on the PainChekTM system:

a web portal and mobile medical device for assessing pain in people with

dementia. Front Aging Neurosci 2018; 10: 117.

3. Behrman M, Linder R, Assadi AH, Stacey BR, Backonja MM. Classifica-

tion of patients with pain based on neuropathic pain symptoms: compari-

son of an artificial neural network against an established scoring system.

Eur J Pain 2007; 11 (4): 370–6.

4. Craig TL, Cappelleri JC, Jukes T, Ishisaka D. Patient characteristics and

healthcare utilization of a chronic pain population within an integrated

healthcare system. Am J Manag Care 2017; 23: e50–6.

5. Clewley D, Rhon D, Flynn T, Koppenhaver S, Cook C. Health seeking

behavior as a predictor of healthcare utilization in a population of patients

with spinal pain. PLoS One 2018; 13 (8): e0201348.

6. Cheatle MD, Foster S, Pinkett A, et al. Assessing and managing sleep dis-

turbance in patients with chronic pain. Anesthesiol Clin 2016; 34 (2):

379–93.

7. Dutta P, M N. Facial pain expression recognition in real-time videos. J

Healthc Eng 2018; 2018: 7961427.

8. Engel CC, Von Korff M, Katon WJ. Back pain in primary care: predictors

of high health-care costs. Pain 1996; 65 (2–3): 197–204.

9. Fodeh SJ, Finch D, Bouayad L, Luther S, Kerns RD, Brandt C. Classifying

clinical notes with pain assessment. Stud Health Technol Inform 2017;

245: 1261.

10. Hamet P, Tremblay J. Artificial intelligence in medicine. Metabolism

2017; 69: S36–S40.

11. Ho D, Quake SR, McCabe ER, et al. Enabling technologies for personal-

ized and precision medicine. Trends Biotechnol 2020; 38 (5): 497–518.

12. Helfand M, Freeman M. Assessment and management of acute pain in

adult medical inpatients: a systematic review. Pain Med 2009; 10 (7):

1183–99.

13. Honcu P, Zach P, Mrzilkova J, Ova D, Musil V, Celko A. Computer kine-

siology: new diagnostic and therapeutic tool for lower back pain treat-

ment (pilot study). Biomed Res Int 2020; 2020: 2987696–10.

14. Hooten WM. Chronic pain and mental health disorders: shared neural

mechanisms, epidemiology, and treatment. Mayo Clin Proc 2016; 91 (7):

955–70.

15. Hossain MS, Muhammad G. Cloud-assisted speech and face recognition

framework for health monitoring. Mobile Netw Appl 2015; 20 (3):

391–9.

16. Huang Y, Zheng H, Nugent C, et al. Feature selection and classification in

supporting report-based self-management for people with chronic pain.

IEEE Trans Inf Technol Biomed 2011; 15 (1): 54–61.

17. Kharghanian R, Peiravi A, Moradi F. Pain detection from facial images

using unsupervised feature learning approach. Annu Int Conf IEEE Eng

Med Biol Soc 2016; 2016: 419–22.

18. Knab JH, Wallace MS, Wagner RL, Tsoukatos J, Weinger MB. The use of

a computer-based decision support system facilitates primary care physi-

cians’ management of chronic pain. Anesth Analg 2001; 93 (3): 712–20.

19. Lo WLA, Lei D, Li L, Huang DF, Tong KF. The perceived benefits of an

artificial intelligence-embedded mobile app implementing evidence-based

guidelines for the self-management of chronic neck and back pain: obser-

vational study. JMIR Mhealth Uhealth 2018; 6: e198.

20. Lopez-Martinez D, Eschenfeldt P, Ostvar S, et al. Deep reinforcement

learning for optimal critical care pain management with morphine using

dueling double-deep Q networks. Annu Int Conf IEEE Eng Med Biol Soc

2019; 2019: 3960–3.
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