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ABSTRACT

Background: Artificial intelligence (Al) is one of the active research fields to develop systems that mimic human intelligence and is helpful in
many fields, particularly in medicine. Physiotherapy is mainly involving in curing bone-related pain and injuries. The recent emergence of
artificially intelligent machines has seen human cognitive capacity enhanced by computational agents that can recognize previously hidden
patterns within massive data sets. In this context, artificial intelligence in pediatric physiotherapy could be one of the most important modalities in
delivering better medical and healthcare services to needy people. It is an attempt to identify the types, as well as to assess the effectiveness of
interventions provided by artificial intelligence on pediatric physical therapy optimization-related outcomes.

Methods: Data acquisition was carried out by systematic searches from various academic and research databases i.e., google scholar, PubMed,
and IEEE from March 2011 to March 2021. Besides, numerous trial registries and grey literature resources were also explored. A total of 187
titles/abstracts were screened, and forty-eight full-text articles were assessed for eligibility.

Conclusions: This research describes some of the possible influences of artificial intelligence technologies on pediatric physiotherapy practice,
and the subsequent ways in which physiotherapy education will need to change to graduate professionals who are fit for practice in the 21st century
health system for promoting safe and effective use of artificial intelligence and the delivery of Pediatric Physical Therapy care to people.
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INTRODUCTION

Artificial intelligence (Al) is one of the fields of computer science with
a mathematical process that has the potential to enhance the healthcare
system via novel delivery strategies, informed decision making, and
facilitation of patient engagement. It can be used to automate decision-
making and make predictions based upon patient data. The
characteristics of this technological advancement are already
influencing every aspect of society and creating the conditions for the
disruption to human socio-economic, educational, health, legal, and
moral systems, and which may have a more significant impact on
human progress [1].

Physiotherapists often work with other health professionals to satisfy
individual's healthcare needs. Unfortunately, the demands for
physiotherapists are increasing than ever before, but the supply is quite
limited. Physiotherapy has several benefits which include avoiding
surgery, improved mobility, development, management of the age-
associated illness, as well as improved balance too [1]. With the rise in
demand for physiotherapy, its demand reception is additionally
increasing. But we cannot deny the very fact there are some advantages
of physiotherapy reception. Better health outcomes are immensely
observed when an individual is surrounded by people with whom they
feel connected and reception, they feel highly positive. Also, it is well
observed that reception healing is completed quicker.

Indeed, it is seen that the innovation in the field of medication has been
well demonstrated advantageous. A fluctuated measure of utilizations
is being created which are making the existence of specialists just as
patients simpler. Advancements like augmented simulation, man-
made consciousness, and Al are among the most mainstream ones in
medical applications [2]. An exoskeleton is one of them which is
utilized for arms, legs, and hands videogames that persuade patients to
move and propels them to improve. With the help of applications like
these, medical technology therapists are getting the tools they need to
provide the type of care and support that patients in need require. It also
immensely minimizes therapist workloads and allows them to treat
more patients than hitherto [3]. As aresult, the advancement of medical
technology with the help of cutting-edge computational technology
has inspired us to create a system that will change the lives of therapists
as well as patients everywhere.

In any movement how efficiently, the muscle is working that can be
seen immediately with the help of Electromyography (EMG). It does
not require any wire connection. Some probes are good enough to
provide real-time data for us with the help of this data, one can obsolete
those exercises for which better alternatives are available [4]. A recent
study indicating that this is the best exercise for the core and biceps. It
will bring uniformity in the guidance of the personal trainer, athletic
trainers as well as physiotherapist. The pre-post treatment analysis will
give us the exact improvement in objective terms. Return to sports will
be calibrated more precisely than before and it is preventing any
avoidable delay for the athlete [S]. It shows what kind of treatment is
working bro what extent for the patient. The future of healthcare in
Saudi Arabia looks bright and quite promising. Al with
Femtophotography is something that has good potential in medical
imaging which will help on-field physiotherapists in identifying the
potential causes of field injuries.

MATERIALSAND METHODS

This scientific communication was conducted by the
recommendations of the “Cochrane Handbook for Systematic
Reviews” of Interventions [6]. This systematic review fulfills the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
statement too [7].

Criteria For Considering And Search Strategy

All the chosen research studies that met the Cochrane Effective
Practice and Organization of Care Group [26] exclusion and inclusion
criteria were included in this review. It includes randomized controlled
trials (RCT), non-randomized controlled trials (NRCT), controlled
before-and-after studies (CBA), and interrupted time series analyses
(ITS). Other kinds of study designs were excluded as they cannot be
used to establish causation between interventions and outcomes.

Different electronic bibliographical databases were searched from
date of March 2011 to March 2021. The search strategy involved a
various combination of medical subject headings (MeSH) and
keywords, relating to 'Artificial intelligence', 'Pediatric Physical
Therapy', 'Physiotherapy Education', and the outcomes of interest, as
well as truncation adapted for the requirements of each database. The
MEDLINE search strategy was adapted for other databases too [8].
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The searches were primarily conducted in the English language, but
citations identified in any language were considered. To identify
further published, unpublished, and ongoing trials, clinical trial
registries and grey literature resources in addition to the websites of
non-profit organizations were also explored for relevant appropriate

studies. Citation tracking using Web of Science Cited Reference
Search for all included studies, if any, was also planned. Finally,
references of included studies, if any, were to be hand-searched to
identify further additional studies.
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Figure 1: Preferred Reporting Items For Systematic Reviews And Meta-analyses Flow Diagram Of Screening Process And Reasons

Artificial Intelligence

The first attempt of Al and its application in public health and medicine
specialties were begun in the 1960s, with a major focus on diagnosis
and treatment [9]. Ted Shortliff of Stanford University and his
pioneering MY CIN project are the most well-known early work in the
medical Al field. MYCIN is a rule-based expert system with *‘if-then"
rules and certain values. It was recommended to choose antibiotics for
various infectious diseases [10, 11]. Although MYCIN has not been
used clinically, it has been proven to be superior to human infectious
disease experts. In 1982, Scholowitz published a textbook on medical
artificial intelligence, which contained a collection of research articles
on various topics in the field. For physical therapists who have received
the functional diagnosis, biomechanics is one of the best assessment
tools [12]. Advanced analysis of the range of motion is done with a
goniometer, but as technology advances, you can do more than you
think. Use this motion analyzer to record EMG activation and muscle
relaxation.

It might be helpful to think about what we mean by intelligence and, by
implication, what we do not mean to better grasp what artificial
intelligence entails. Reasoning, organizing, problem solving, abstract
thinking, comprehending complex concepts, and knowing from
experience all fall under the umbrella of intelligence [13]. It also
represents a strong and deeper knowledge of our surroundings. This
concept of intelligence makes no mention of self-awareness,
conscience, sentiment, or morals, nor does it imply that intelligent
behavior is inherently human [14]. Furthermore, nothing in this
concept of intelligence implies that non-human intellectual behavior
can be modeled after human thought processes. "There are a lot of
ways to be smart that aren't smart like us," [14]. Today, Al is a
multidisciplinary domain of study that uses computational, statistical,
logical, mechanical, and biological concepts and devices to try to
explain, model, and reproduce knowledge and cognitive processes
[15].

It is the research into the development and interpretation of
computational agents that exhibit intelligent behavior. In the field of

artificial intelligence, an autonomous agent is something that behaves
in a way that is suitable for its situations and objectives. In other words,
given its perceptual and computational limits, the agent can respond to
evolving contexts and goals, benefit from the experience, and make
reasonable decisions [16]. The first is the widespread availability of
low-cost computing. The second factor is the availability of large data
sets on which machine learning algorithms can be equipped [17]. The
third step is to refine programming methods and create more complex
algorithms. The convergence of these three characteristics has resulted
in an improvement in Al-based algorithms' ability to conclude in
unknown circumstances that, in many ways, outperform human
performance [18].

Today, Al-based research has resulted in the use of expert systems to
direct clinical decision-making, machine vision algorithms that
outperform humans in the study of Computerized Tomography (CT)
and Magnetic Resonance Imaging (MRI) scans, improved diagnostics
and assessment of medical outcomes, and improved administration
and preparation in health systems [19,20]. Furthermore, developments
in Al science are being made in the fields of information processing
and retention, problem-solving and logic, image recognition,
preparation, and physical manipulation. It is worth remembering that
these are, in general, central features of physiotherapy practice. As a
result, it is fair to speculate that much of physiotherapy practice could
become increasingly susceptible to automation by Al-based systems.
The primary aim of this paper is to investigate the possible effect of Al-
based technology in clinical practice, as well as the resulting changes
that physiotherapy education might undergo to graduate practitioners
who are ready to practice in the twenty-first century healthcare system
[21].

Artificial Intelligence In Physiotherapy

Humans have long used education to respond to socio-economic
commotion [22]; it is how we upgrade ourselves. However, as robots
get smarter and the rate of progress quickens, the intrinsic worth of a
technical degree declines [23]. As aresult, in the recent decades having
consistent access to technical education across our working lives will
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become exceedingly necessary. We can rethink physiotherapy
edification as a time-limited degree program with which people
graduate once in their lifetime and instead view it as a forum for
enduring learning that offers learners customizable modules that they
can practice whenever they need to [24]. This would be imperative as
many learners return to higher education during their careers to remain
ahead of technological advancement.

Furthermore, [25] focusing only on educating prospective healthcare
practitioners will not suffice, since the speed of Al adoption in
healthcare systems will rapidly outpace the retirement of practicing
clinicians. In other words, [26] fresh physiotherapists will be
incompetent to perform effectively as they are incapable to interact and
work with Al-based programs. Neglecting professional learning may
have become less serious in periods of incremental transition, but it
would be troublesome in an age of profound restructuring that
necessitates the retraining of thousands of clinicians. As a result, [27]
we must develop better frameworks for continuing professional
growth that help to provide existing practitioners with the expertise
and skills that are extremely essential for professional practice in an
intelligence era, yet to cultivate a flexible mentality that allows them to
respond to a continually evolving workplace.

It is a matter of grave concern in physiotherapy education [28] shortly.
It should not be contentious to say that the discipline is traditionally
conservative and that undergraduate education tends to prioritize
experience and skills acquired over the agency required by students to
negotiate unpredictable and evolving futures [29]. The new, more
memorization-based program must be replaced by one that
incorporates three fundamental literacies into the core physiotherapy
curriculum i.e (a) data literacy, (b) technical literacy, and (c¢) human
literacy [30]. The clinicians require data literacy to read, analyze,
understand and use large datasets as they become single nodes (and
perhaps not even the most significant nodes) within the knowledge
networks [31, 32]. As they are essential to interact more
collaboratively with Al-based programs, they may need computational
literacy to acquire the language of computer science and engineering
as well as to interact with machines. Otherwise, the medics can merely
be messengers and the technicians carrying out the commands
specified by algorithms [33, 34]. Finally, when robots take on
computing and logic roles traditionally done by humans, physicians
may need human literacy that is outside the reach of machine learning
systems, assisting them in developing expertise of empathy,
collaboration, and creativity [35, 36].

With a pain prevalence of 30-50 percent in the United Kingdom,
another application of controlled ML is the assignment of persons as
pain phenotypes based on brain MRI [37]. The presence of pain
without correlative tissue pathology, as well as the reliance on self-
reporting for subgrouping, makes identifying the neuronal causes of
pain a significant task. Outline the usage of ML to assign subjects of a
predicted pain phenotype; summarize ML applications used in
longstanding pain (not exclusively musculoskeletal). The study
investigates experimental pain and low back pain (LBP) but does not
conclude the efficacy of ML categories.

Based on brain MRI, ML approaches establish variable precision in
distinguishing between people with discomfort and comfort.
Biomarkers (for example, grey matter volume/density or functional
connectivity between regions) may be used as a proxy for self-
reporting [38]. The results of these findings are debatable given the
heterogeneity of ache and the diverse interplay of various etiological,
genetic, and environmental factors. Furthermore, perhaps practical

Table 1: AI Techniques For Musculoskeletal Applications.

MRI has a higher degree of precision, but it is often underutilized in
terms of routine measurement of pain. Table 1 shows the ML's
precision in identifying brain phenotype variations for different pain
disorders (e.g., LBP, fibromyalgia) [39]. Nevertheless, the possible
therapeutic application of ML-classified MRI for anatomical
phenotyping of pain can emerge.

Wearable technology provides a rich source of epidemiological
evidence through monitoring physical behavior; it is extremely useful
in the management of chronic illness [40]. After being a predictor of
good recovery, exercise adherence is often low. Data obtained by
inertial sensors in wearable technology can be identified to determine
if participants are correctly practicing and adhering to exercise
protocols [41]. This was measured in an asymptomatic population
(n=20) that followed a rotator-cuff exercise protocol while wearing an
Apple iWatch. Various supervised learning approaches were used to
classify exercise accuracy (in comparison to an existing dataset of
“successful” performance), with excellent accuracy across all
algorithms [42]. A neural network achieved 99.4 percent recognition
accuracy, showing potential for the use of wearable devices and
machine learning for exercise tracking. Due to the variable obstacles to
adherence associated with exercise efficiency, it is possible that
measuring performance by wearable devices alone would be
inadequate to maximize adherence [43]. However, such data can be
used to classify and alter patient behavior for therapeutic advantage.

Frontal plane knee biomechanics are linked to knee injury risk
estimation. Researchers used inertial sensor data to identify single-leg
squat results based on the degree of knee valgus (n=14, 140 images)
and the opinions of three specialist raters on possible risk. They used
supervised learning to divide the world into three categories ("poor,"
"moderate," and "good") [45]. The findings revealed that the accuracy
was high during moderate categories but decreased by 30 percent when
the difficulty of 3-class classification was introduced. Supervised
learning regression has also been used to model internal knee
abduction moment from video recordings of lower limb joint angles at
gait. 3131 images were analyzed, and multiple ensemble (multi-layer)
learning techniques performed well in estimating abduction moment
[46]. Despite a lengthy training period, a neural network approach was
determined to be the best predictor of knee power. These studies
indicate that ML can analyze visual and inertial sensor data to predict
injury risk trends associated with complex knee valgus. However,
since accident risk is multifactorial, biomechanical.

Indeed, clinical decision support systems (CDSS) make diagnosis and
care decisions. For LBP, systems such as the Start Back risk
stratification tool, which defines prognostic markers to identify
individuals into risk categories, have been created, as has a digital
CDSS to stratify patients to self-management, GP participation, or
self-referral to physiotherapy. An ontology and decision tree were
created to identify subjects based on 43 decision factors, including
general factors (e.g., occupation), 'psychosomatic' factors (e.g., stress,
kinesiophobia), and severe pathology indications (i.e., red flags) [47].
Following that, supervised ML algorithms were used to identify
individuals using the CDSS, with all individuals ranked higher than
random allocation. This shows that the CDSS can be used effectively
with ML to identify subjects, and further advancements may make the
mixture more rigorous than human decision-making. In comparison,
the human capacity to classify patients as a moderate, medium, or high
risk using StartBack ranges between 72.1 and 78.1 percent sensitivity
and 42.91-75 percent precision. Thus, in the future, ML can provide
more precise service allocation while increasing the usability and
speed of self-referral.

Country Year| Classification question Classification Data source|Algorithm used| References

London, UK [2019|Can the risk of injury be classified based upon Structural MRI ~ |CLBP SVM Aleksandar
movement quality? Vakanski

UK 2017|Is pathology present or not? Fracture X-ray 16-layer CNN |Ashinsky et al.

California  |2014|Is pain neuro mapping phenotype identifiable with |Spondylolisthesis |MRI CNN Bagarinao et al.
the clinical diagnosis?

China 2018| Can successtul exercise performance be identified? | Cartilage mapping| CPP WND-CHRM |Burns et al.

USA 2014|Can the risk of injury be classified based upon Structural MRI ~ |CLBP SVM Callan et al.
movement quality?

Sweden 2015|Can CLBP subgroups be stratified accurately? Accurate exercise |FM LR, MP, Bayes |Gin's Hidalgo

performance
USA 2016|Can different gestures be described precisely? Risk of injury CLBP SLR Hideki Murakoshi
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Manchester, |2017 |Can the user's exercise pose be detected accurately? |Physiotherapy Inertial SVM, LR Hisashi
UK Sensor Hayashi
Australia {2017 |Can patient's performance in prescribed DTW HER CNN k-NN  [Jamaluddin et
SVM al.
London, UK|2018 |rehabilitation exercises improved? Human Movement Camera 10F-CV Jian Li
UK 2017 |Is the ball entering the basket or not as a binary Real time diagnosis Motion 10F-CV Kianifar et al.
target variable? Sensors LOSO-CV
California {2017 |Can the whole body pose be estimated? Confidence map Video DT BT Loépez-Sola et
motion al.
China 2019 |Is pathology present or not? Fracture COCO CUDA Mart inez
dataset
USA 2020 |{Is pain neuro mapping phenotype identifiable with | Spondylolisthesis X-ray 16-layer CNN |Masato Nakai
the clinical diagnosis?
Sweden 2018 | Can successful exercise performance be identified? |Cartilage mapping MRI CNN Min Xian
USA 2016 |Can the risk of injury be classified based upon Structural MRI CPP WND-CHRM |Nijewemed'Ho
movement quality? llosy et al.
Manchester, |2014 |Can CLBP subgroups be stratified accurately? Accurate exercise CLBP SVM Olczak et al.
UK performance
Australia {2013 |Can different gestures be described precisely? Risk of injury FM LR, MP, Richard Yang
Bayes
California |2015 |Can the user's exercise pose be detected accurately? |Physiotherapy CLBP SLR Robinson et al.
China 2012 |Can the user's exercise pose be detected accurately? |Physiotherapy Inertial SVM, LR Sen Qiao
Sensor
USA 2011 [Can patient's performance in prescribed DTW HER CNN k-NN  |Steven Chen
SVM
Sweden 2012 |rehabilitation exercises improved? Human Movement Camera 10F-CV Ung et al.
USA 2010 |Is the ball entering the basket or not as a binary Real time diagnosis Motion 10F-CV Yalin Liao
target variable? Sensors LOSO-CV
Manchester, |2014 |Can the whole body pose be estimated? Confidence map Video DT BT Yilin Wang
UK motion
Australia {2017 |Can CLBP subgroups be stratified accurately? Fracture COoCo CUDA Yoshihiko
dataset Tsunoda

In the musculoskeletal area, there are few cases of unsupervised
learning approaches being used. The Chronic Pain Challenge uses
weighted values for health behaviors to estimate the likelihood of pain
chronicity. It employs both controlled and unsupervised approaches,
demonstrating precise pain (visual analog scale) and Oswestry
Disability Index estimation based on related stress, diet, and physical
activity ratings. Although this demonstrates the ability for machine
learning (ML) to identify chronicity risk based on patient-reported
results, the precision of unsupervised learning alone has not been
identified. Digitization renders healthcare data available to algorithms,
and the ML heavily relies on massive databases to precisely predict.
Unsupervised learning is often used in data mining to allow new
findings of risk or cause where doctors cannot perceive trends. Such
methods have been used to classify signs of a chronic fatigue syndrome
from a variety of data points. It is extremely pivotal to ensure data
format, consistency, and protection to avoid bias from being
introduced into algorithms and to preserve public interest in the use of
health data [48].

Perhaps, health monitoring programs pose serious questions about
data safety, but the patterns can be easily identified even with
anonymized data. Therefore, physiotherapists should participate in
digital innovation by being more computer-literate, and clinical
development programs should provide data analysis fundamentals to
train physicians for future practice. Physiotherapists should become
interested in the standardization of diagnostic coding protocols to
improve data accessibility and assist in the advancement of bespoke IT
platforms, rather than the reactive, plugin modifications that are
common in the healthcare domains [48]. This should expand
interoperability within (and between) organizations, facilitating data
exchange, which is quite critical in the unsupervised learning methods.

CONCLUSION

Indeed, artificial intelligence technologies are constantly pushing for
improvements in the healthcare sector that would have far-reaching
implications on how healthcare is delivered in the twenty-first century.
These rapid transformative developments demand all healthcare
professionals reassess their suitability in an intelligence era well-
defined by smart computers, large data sets of immense sophistication,
and radically different relationships with patients and algorithms. We
should certainly take seriously the idea that yesterday's health careers
will — and maybe should — be at least partially replaced by more
suitable alternatives, such as Al-based schemes and less expensive

alternatives. Perhaps, intelligent algorithms are now much smarter
than humans in some specialties, and good clinical practice shortly
would demand a higher understanding of how to view computer
guidance, when to delegate authority to them, and when to disregard it.
Based on our inclusion criterion, this systematic analysis found that no
qualifying findings on pharmacist-provided interventions to promote
medication optimization in patients with visual disability. Certainly, it
demands further research to investigate the types of treatments that
could aid in the optimization of medications in these patients. It is also
imperative to test and compare the efficacy of various approaches
using rigorous research formats.

Conflicts Of Interest
The authors declare that they have no conflict of interest.

Acknowledgment

We would like to express our gratitude to the Jazan University and
Saudi Electronic University for providing a platform for this piece of
research work. Also, we would like to express our appreciation to all
the colleagues of our respective departments for their constant
supports and encouragement.

REFERENCES

[1] Aoun, J. (2016). Higher education for the AI age: Let us think about it before the
machines do it for us. The Washington Post, 27 October.

[2] Aoun, J. (2017). Robot-Proof: Higher Education in the Age of Artificial Intelligence.
MIT Press.

[3] Barradell, S. (2017). Moving forth: Imagining physiotherapy education differently.
Physiotherapy Theory and Practice, 33(6),439-447.

[4] Bleakley, A. (2010). Blunting Occam's razor: Aligning medical education with studies
of complexity. Journal of Evaluation in Clinical Practice, 16(4):849-855.

[5] Brynjolfsson, E. & McAfee, A. (2014). The second machine age: Work, progress, and
prosperity in a time of brilliant technologies. W.W. Norton & Company, New York.

[6] Claiborne, J.S. (2018). An anticipating and Training the Physician of the Future.
Academic Medicine. Preprint. Frankish, K. & Ramsey, W.M. (2014). The Cambridge
Handbook of Artificial Intelligence. Cambridge University Press, University Printing
House, Cambridge, CB2 8BS, United Kingdom.

[7]1  Susskind, R. & Susskind, D. (2015). The Future of the Professions: How Technology
Will Transform the Work of Human Experts. Oxford University Press, Great Clarendon
Street, Oxford, OX2 6DP, United Kingdom.

[8] Topol, E. (2015). The patient will see you now: The future of medicine is in your hands.
Basic Books, 250 West 57th Street, New York, NY 10107.

[9] Cascianelli S, Scialpi M, Amici S, Forini N, Minestrini M, Fravolini ML, et al. Role of

artificial intelligence techniques (Automatic Classifiers) in molecular imaging

modalities in neurodegenerative disease. Curr Alzheimer Res. 2017; 14:198-207.

Summers RM. Deep learning lends a hand to pediatric radiology. Radiology. 2018;

287:323-5.

Larson DB, Chen MC, Lungren MP, Halabi SS, Stence NV, Langlotz CP. Performance of

a deep-learning neural network model in assessing skeletal maturity on pediatric hand

radiographs. Radiology. 2018;287:313-22.

[10]

[11]

I International Journal of Scientific Research |—| 73 |



Volume - 10 | Issue - 12 | December - 2021 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr
. __________________________________________________________________________________________________________________|
[12] Gulshan V, Peng L, Coram M, Stumpe MC, Wu D, Narayanaswamy A, et al.

Development and validation of a deep learning algorithm for detection of diabetic

retinopathy in retinal fundus photographs. JAMA. 2016; 316:2402-10.

[13] World Health Organization. International statistical classification of diseases and related
health problems. 2016. http://apps.who.int/classifications/icd10/brows
¢/2016/en#/H54.9.

[14] Cochrane Effective Practice and Organization of Care (EPOC). What study designs can
be considered for inclusion inan EPOC review and what should they be called. 2017.

[15] Bourne RRA, Flaxman SR, Braithwaite T, Cicinelli MV, Das A, Jonas JB, et al.
Magnitude, temporal trends, and projections of the global prevalence of blindness and
distance and near vision impairment: a systematic review and meta-analysis. Lancet
Glob Health.2017;5(9): e888-97.

[16] Robinson, M.E., O'Shea, A.M., Craggs, J.G., Price, D.D., Letzen, J.E., Staud, R., 2015.
Comparison of machine classification algorithms for fibromyalgia: neuroimages versus
self-report. J. Pain: Off. J. Am. Pain Soc. 16 (5), 472-477. https:// doi. org/ 10. 1016/ j.
jpain.2015.02.002.

[17] Sevel, L., Letzen, J., Boissoneault, J., O'Shea, A., Robinson, M., Staud, R., 2016. MRI
based classification of chronic fatigue, fibromyalgia patients and healthy controls using
machine learning algorithms: a comparison study. J. Pain 17, S60.
https://doi.org/10.1016/j.jpain.2016.01.244.

[18] The Royal Society, 2017. Machine Learning: The Power and Promise of Computers that
Learn by Example. The Royal Society [Cited 03 May 2018].

[19] Ekins S. The next era: deep learning in pharmaceutical research. Pharm Res. 2016; 33:
2594-603.

[20] Griebel L, Prokosch HU, Kopcke F, Toddenroth D, Christoph J, Leb 1, et al. A scoping
review of cloud computing in healthcare. BMC Med Inform Decis Mak. 2015; 15:17.

[21] Tang H, Jiang X, Wang X, Wang S, Sofia H, Fox D, et al. Protecting genomic data
analytics in the cloud: state of the art and opportunities. BMC Med Genom. 2016; 9:63.

[22] Shatil AS, Younas S, Pourreza H, Figley CR. Heads in the cloud: a primer on
neuroimaging applications of high-performance computing. Magn Reson Insights.
2016;8(Suppl 1):69-80.

[23] Anas Alhakami, Mohammed Qasheesh, Senthil kumar Cennappan Bose,
“Musculoskeletal Physical Therapy for Sacroiliac Joint Pain: Case Report”, in
International Journal of Physiotherapy and Research, 2020.

[24] C.B. Senthilkumar, B. Deepa, K. Ramadoss, “Effect of Neurodevelopmental Therapy in
Gross Motor Function of Children with Cerebral Palsy”, in Indian Journal of
Physiotherapy and Occupational Therapy, 2009.

[25] Fogel,A.L.,Kvedar,J.C. Artificial intelligence powers digital medicine. npj Digital Med
1,5(2018). https://doi.org/10.1038/s41746-017-0012-2

[26] Grace, K., Salvatier, J., Dafoe, A., Zhang, B. & Evans, O. When will Al exceed human
performance? Evidence from Al experts. arXiv. Online. (2017)

[27] Annals of Medicine & Www Annfammed Tethered to the EHR: primary care physician
work-load assessment using EHR event log data and time-motion observations. Ann.
Fam. Med. 1515,419-426(2017).

[28] Russakovsky, O. etal. ImageNet large scale visual recognition challenge. Int. J. Comput.
Vision 115,211-252(2015).

[29] Silver, D. et al. Mastering the game of Go with deep neural networks and tree search.
Nature 529, 484489 (2016).

[30] Esteva, A. et al. Dermatologist-level classification of skin cancer with deep neural
networks. Nature 542, 115-118(2017).

[31] Abramoff, M. D. et al. Automated analysis of retinal images for detection of referable
diabetic retinopathy. JAMA Ophthalmol. 131, 351-357(2013).

[32] Viswanathan, M. et al. Interventions to improve adherence to self-administered
medications for chronic diseases in the United States: a systematic review. Ann. Intern.
Med. 157,785-795 (2012).

[33] Pearl, R. & Fogel, A. New physicians will need business school skills. N. Engl. J. Med.
Catal. Online. (2016).

[34] Babbott S, Manwell LB, Brown R, etal. Electronic medical records, and physician stress
inprimary care: results from the MEMO Study. ] Am Med Inform Assoc. 2014

[35] Shanafelt TD, Hasan O, Dyrbye LN, et al. Changes in burnout and satisfaction with
work-life balance in physicians and the general US working population between 2011
and 2014. Mayo Clin Proc. 2015

[36] Dexter EN, Fields S, Rdesinski RE, Sachdeva B, Yamashita D, Marino M. Patient-
provider communication: does electronic messaging reduce incoming telephone calls? J
Am Board Fam Med. 2016.

[37] Coleman M, Dexter D, Nankivil N. Factors affecting physician satisfaction and
Wisconsin Medical Society strategies to drive change. WMJ. 2015

[38] Bodenheimer T, Sinsky C. From triple to quadruple aim: care of the patient requires care
of'the provider. Ann Fam Med. 2014

[39] Shanafelt TD, Dyrbye LN, West CP. Addressing physician burnout: the way forward.
JAMA.2017;317(9):901-902.

[40] American Medical Association. Advocacy Update AMA. American Medical
Association. https://assets.ama-assn.org/sub/advocacy-update/2016-12-08. html#
national. Published 2016. Accessed Mar27,2017

[41] Goldzweig CL, Orshansky G, Paige NM, et al. Electronic patient portals: evidence on
health outcomes, satisfaction, efficiency, and attitudes: a systematic review. Ann Intern
Med. 2013;159(10):677-687

[42] Sinsky CA, Willard-Grace R, Schutzbank AM, Sinsky TA, Margolius D, Bodenheimer
T. In search of joy in practice: a report of 23 high-functioning primary care practices.
AnnFam Med. 2013.

[43] Sinsky C, Colligan L, Li L, et al. Allocation of physician time in ambulatory practice: a

time and motion study in 4 specialties. Ann Intern Med. 2016

[44] Lin S, Khoo J, Schillinger E. Next big thing: integrating medical scribes into academic
medical centers. BMJ Simulation & Tech Enhanced Learning. 2016

[45] Centers for Disease Control and Prevention. National Ambulatory Medical Care
Survey: 2012 State and National Summary Tables. http://www.cdc.gov/nchs/data/ahcd/
names_summary/2012_namcs_web_tables.pdf. Updated 2012

[46] Murphy DR, Meyer AN, Russo E, Sittig DF, Wei L, Singh H. The burden of inbox
notifications in commercial electronic health records. JAMA Intern Med. 2017

[47] PaddenJ. Documentation Burden and Cognitive Burden. CIN: Computers, Informatics,
Nursing. 2019.

[48] Fratzke J, Tucker S, Shedenhelm H, Arnold J, Belda T, Petera M. Enhancing Nursing
Practice by Utilizing Voice Recognition for Direct Documentation. JONA: The Journal
of Nursing Administration. 2014.

| 74 |—| International Journal of Scientific Research I




