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Abstract

The development of artificially intelligent technological machine systems that can integrate
large volumes of data, and also ‘learn’ to recognize notable patterns, are currently being
widely discussed and employed in various health and other realms. In this regard, what
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promise do these systems hold for ameliorating the late life chronic disease burden

of increasing numbers of adults globally that may stem from one or multiple chronic
longstanding health conditions. To explore this issue, a broad exploration of rehabilitation
associated artificial intelligence implications was conducted using leading data bases.
Results show that there are some active advances in both artificial intelligence and machine
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learning realms, but not in the context of desirable robust observations in all cases. Much

future work is indicated though and is strongly recommended.
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Introduction

Artificial intelligence [Al], a rapidly developing field and
branch of computer science with a variety of applications designed
to improve health and wellbeing including diabetes, neurological,
and cardiovascular diseases has the potential to modify, reform or
supplement current approaches to diagnosing and managing these
plus multiple other chronic health conditions such as stroke'™* and
cancer.’ Current data reveal multiple chronic health conditions and
their prognoses and diagnoses may indeed be especially enhanced
by a variety of Al approaches as well as associated machine learning
[MI] applications.®

In addition, many novel assessment techniques that may still be
in the experimental phase, such as the prospective application of Al
with optical correlation tomography in stroke rehabilitation® are being
developed for Al-based applications that are expected to significantly
enhance stroke diagnostics and their predictive outcomes. Another
Al-based application method known as Virtual Reality is being used
and explored for purposes of improving rehabilitation treatments
in both the cognitive and motor domains. In this review, we set out
to explore what if anything is being proposed for the use of Al in a
wide variety of rehabilitation contexts that may affect older adults,
regardless of health status, and if it appears there is more reason than
not to advance Al research rather than explore this ‘theory’ from a
purely entertainment perspective.” In particular, we describe some of
the diverse realms wherein research is being pursued and applied to
clinical practices in the realm of rehabilitation.

The topic appears especially relevant today due to the great need
to advance wellbeing in all parts of the globe, and in light of shrinking
economies and health personnel to deal with aging populations
and their susceptibility to one or more chronic health challenges.
Indeed, the ability of Al to advance through the application of ML is
believed to have the potential to not only help to support generalizable
predictive models for determining the risk of developing multiple
chronic health conditions, but can possibly speed up early disease
detection or treatable impairments, while assisting in personalizing
the health assessment. In addition, digital therapeutics may be helpful
for supplementing lifestyle therapies that can be applied in a variety

of different chronic illness states and that can be drawn on efficiently
to mitigate various key health problems and do this efficiently. For
example, one report implies diabetes patients who are increasingly
being empowered to be self-managers, rather than passive managers
or bystanders, can benefit from the ability of Al to advocate and
direct patients towards needed and useful resources as well as from
its ability to render appropriate clinical decision support. Moreover,
Al allows for a continuous and burden-free remote monitoring of a
diabetic patient’s symptoms and can track selected biomarkers that
can be helpful and would be challenging to detect otherwise in a
timely manner. Further, social media and online communities can be
harnessed to foster patient self-care engagement.

Together, these intelligent technical systems do appear to promote
better blood glucose control with reductions in fasting glucose levels,
and hemoglobin concentration. Thus, building targeted data-driven
precision care action plans to mitigate or manage some forms of
diabetes and its multiple adverse health impacts appears to have a
strong basis and is thus worthy of future development.'’Additionally,
Al approaches and the inferences that they can generate and articulate
based on a large amount of data, can be extended to include many
health care realms, and duly supplemented and expanded upon by
ML and deep learning approaches that have made significant progress
to date as a result of dramatically improved computer performances.
In time, they may be more efficient and efficacious for advancing
rehabilitation in complex realms, such as those where no concordance
about rehabilitation has emerged to date.® Used as a means of laser
directed treatments for arthritis, significant benefits have been realized
by elderly rheumatoid arthritis cases.’ In this review, a wide ranging
search was undertaken to examine AI/ML-based usage or its potential
in rehabilitation spheres, rather than diagnostic, measurement, disease
classification, or predictive spheres based upon patient and generic
data. Its use in surgical or drug based interventions was not examined.
The aim was to identify areas where Al and ML may help to advance
one or more rehabilitation strategies that are commonly sought for
advancing the wellbeing of older adults, either independently or in
conjunction with therapists. Diseases and conditions reviewed were
those that predominate in the older age groups and are disabling and
immensely costly, such as diabetes.
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Methodology

Using the electronic data sources PUBMED, PubMed Central,
and Google Scholar articles published in the past five years [January
1, 2019-June 15 2023] using the key words, Artificial Intelligence
[Al], Machine learning [MIL], and Rehabilitation was undertaken.
All forms of reports were deemed acceptable. However, because this
is an emerging topic, with few actual applications and well designed
prospective analyses, only a narrative summary was deemed possible.
Excluded were articles that did not focus specifically on conditions that
an allied health professional in physical medicine might encounter,
such as Al and COVID-19. The use of Al for stroke was not detailed
as it is too voluminous, but this and other Al facts can be gleaned from
Zelenak et al.,'* and Sesinaro et al.,' Information pertaining to Al and
the rehabilitation of youth or young adults or pediatric populations,
which was not currently examined, may be gleaned via the paper
written by Kaelin et al.,'?

Results

Although only selected data bases were used, the current search
engines chosen were those most likely to house peer reviewed topical
papers, and while not all inclusive, clearly showed the emergence
of many citations [e.g., PUBMED lists 202, 193 citations as of
June 14, 2023], These are currently highly varied not only in the
realm of discussing some form of health associated Al application
or implication, but very few detail evidence based concrete facts
or generalizable conclusions. Variations in topical themes are also
highly evident, especially as regards chronic health issues affecting
older adults, and even in the case of publications on similar topics, for
example cardiovascular disease, most do not detail its management
or any related Al rehabilitation application, to any degree with the
exception of stroke care. Among the 13, 964 healthcare related
PUBMED listings, only 2086 focus on older adults, but possibly
excluding those in the higher age ranges due to age cutoffs in most
clinical studies, and no uniform body of criterion based and clearly
delineated literature currently prevails, especially as this pertains to
rehabilitation of any condition other than stroke.

Many publications too, for example those listed as being relevant
to arthritis care tend to focus on various diagnostic benefits, describe
how Al assessments and therapeutic inferences can be more readily and
accurately derived than current mainstream methods, or how Al can
inform therapeutic decisions, but little on actual rehabilitation options
for any affected joint. Although multiple methodological issues, as
well as ethical issues are frequently discussed, most publications focus
on the future and concur that this will be advantaged significantly by
Al in various spheres,'*'¢ but this remains to be shown in varying
contexts, disease subgroups, and in cases where disease manifestations
ebb and flow, and where human judgment is often desirable even in
stable cases. Secondly, even if such a system could be upgraded in real
time and designed to assess the patient’s condition through remote
monitoring on an ongoing basis, while providing for a personalized
rehabilitation training and evaluation plan, can current health services
be harnessed to continuously update the Al robot approach if needed?.
Moreover, while this system may be more convenient and helpful in
optimizing the allocation of diminishing medical forms of self-care
including exercise, and resource accessibility, it may inadvertently
have the opposite impact on many older impaired adults who are
needing secondary or tertiary health care support in other realms or
instances where their health condition is not stable.

In addition, while the use of technology in the form of games
is cited to have the advantage of increasing a patient’s interest in
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exercise training, and program adherence,'® thus hastening recovery
in the face of an injury, will this approach work as well within the
rehabilitation needs of many older adults as it does for younger adults
or adolescents? Even if ‘games’ or other similar remotely delivered
directives are beneficial because they encompass the ability to
provide for timely results feedback, and may be deemed recreational
or entertaining, rather than therapeutic, can those who are recovering
from a stroke, surgery, trauma, or are in pain, or have visual
impairments and others ably make adjustments to their training plan
if unsupported by a knowledgeable provider as proposed by Tang et
al.,'” At the same time, even if targeted training with monitoring could
help to both detect as well as foster correct rather than unsafe actions,
while helping to selectively strengthen those components of muscle
that are especially weak, hence further reducing the probability of any
repeated injury, is this practical in all cases, for example in the context
of hip fracture recovery in the frail elder.

Another question is whether Al applications may be uniformly
useful in the rehabilitation of traumatic brain injury, even if they
employ well designed brain-computer interfaces, noninvasive brain
stimulation, and wearable-assisted devices'® without more careful
research. Moreover, even if exoskeleton assisted walking devices
assist spinal cord cases to advance functionally and improve lung
capacity,'® are these approaches practical in the long term or should
these approaches be studied more widely before applying their
selected features and integrated these with personalized data inputs
that may yet be undetermined. The blanket usage of such approaches,
while currently appealing, may also pose possible challenges in terms
of patient specific risk factors such as bone fragility, non-personalized
goal-setting plans, while potentially excluding the key recovery role
of active movement, human therapists, family members, and alternate
evidence based medical services. The role of privacy issues, data
based on less than robust generalizable studies and factors such as
reimbursement and confidentiality may also warrant considerable
attention.

In the meantime, and in the mental health sphere, where there is a
great need, Al has been conceived as having the potential to provide
more fruitful diagnostic insights and therapeutic opportunities than
has been the case to date. One idea proposed in this regard by Qiao
et al.,”* is to combine AI and the idea of emotional intelligence to
foster nursing related mental and physical health care. Tested in the
context of athletes the authors found Al interventions could be applied
successfully to enhance or yield better treatment outcomes and quality
of life than not. However, it has been pointed out that even here the
ability of the interventionist who is experienced with Al may be prove
to be a highly salient and influential factor.?! Another application of
Al for dementia that may impact health positively reveals robotic pets
to have a beneficial impact on alleviating stress and anxiety in this
group,? but this should be examined further, as the use of any robotic
device for securing the comfort and support of an older or impaired
adult may engender- rather than mitigate- stress.

In another physical sphere it does appear the ability to optimize
implant alignment,? as well asrobotic rehabilitation training of lower
limbs along with synchronizing acupuncture exercise therapy could
enhance the hip joint activity function, life quality, and quadriceps
muscle group function of elderly postoperative patients with hip
fractures.”® This might be extremely valuable given the generally
very low certainty of evidence available for supported discharge
and current multidisciplinary home rehabilitation approaches for hip
fracture injuries** now found to be largely flawed and limited.? This
needs to be tested more widely and whether this is practical in diverse
settings and how the results do compare to traditional practices. In
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the meantime, a role for an app. known as Dr. Bart which could be
helpful here and appears promising for purposes of alleviating hip or
knee osteoarthritis pain, symptoms, and day to day function,? should
likewise be examined further in light of literacy gaps, preference for
active providers, possible hearing loss challenges, a lack of technical
skill, language skills, and tech resources. In addition, while automated
health behavior change interventions can be designed to facilitate
translation and adaptation across multiple behaviors,”” whether they
can accommodate fluctuations in symptoms that are unpredictable
remains to be demonstrated.

Another report describing the REHABOT technology approach
implies this apparatus is able to facilitate orthopedic or neurologic
rehabilitation by providing secure postural support and prescribed
weight bearing during ambulation. The REHABOT has also been
used for early mobilization and gait training of severely disabled
patients at different hospitals in Japan during the last six years. In
most of the cases, this training has resulted in earlier improvement
of the patient’s ambulatory capability. It also appeared helpful for
fostering the recovery of those cases with multiple fractures involving
the extremities and the spine. It is found to assist with the early
mobilization of these cases by initially reducing the weight bearing
load on the limbs to 30% of body weight followed by a gradual
increase governed by patient tolerance. The average length of training
for these two patients was 18 days. The average total distance was 5.5
km and total walking duration was 4.5 h. After the completion of the
training the two patients studied were able to walk independently.?®
Whether the approach can be readily applied in other venues or
dissimilar samples is currently unknown, however.

The application of virtual reality approaches has also been
questioned as a device for fostering older adults’ wellbeing,” despite
their apparent potential due to the numbers of facts that may not yet
be apparent in current systems, especially those related to frailty,
instability, expectations and acceptability, visual and auditory
challenges, and cultural and language attributes of the individual.
A recent Cochrane Review further implies that the use of virtual
reality and interactive video gaming is not more beneficial than
conventional therapy approaches in improving upper limb function
in stroke patients. It may however, be beneficial in improving upper
limb function and activities of daily living function when used as an
adjunct to usual care. Although future research may uncover different
findings,* there is not yet enough evidence to support the application
of virtual reality and video gaming interactions on gait speed, balance,
participation, or life quality in neurological contexts, even though
theoretically plausible.’!

Nevertheless, as described by Miyazaki et al.,** it appears a
weight-shifting-based robot control system can indeed be adapted
to improve the weight-bearing rate and balance ability in the static
standing position in postsurgical hip osteoarthritis patients, and
may prove useful in other comparable situations. Robot-assisted
rehabilitation may also offer additional benefits in other cases, such
as its usage to achieve repetitive, intensive, and task-specific forms
of manual manipulation often performed by physiotherapists.** In
this regard a robot that employs four parallel intrinsically compliant
pneumatic muscle actuators that mimic the actions of skeletal muscles
appears useful for fostering advances in ankle motion training. It also
includes a technical technique designed to increase the controller’s
robustness, and that has the ability to obtain an optimal weighting
value to foster its learning capacity. Related experimental results
further show this system to help achieve better performance indicators
and opportunities for tracking performance during repetitive tasks that
can be adapted to various robotic rehabilitation situations, including
gait training for cases with Parkinson’s disease.’*

Copyright:
©2023 Marks 137

Itis also suggested that we should take advantage of Al and leverage
it not only for assistance in repetitive therapy based tasks, and develop
disease specific data-driven decision support platforms for various
chronic muscle based management purposes and that can be used for
monitoring adverse events, disease status, treatment adherence and
needs, and a wide variety of other associated diagnostic and clinical
data®3¢ and that can attain proven efficacy as well as cost savings.’
An analysis of those factors that led to the success of an Al assisted
exercise program for pain sufferers might also prove revealing.’’

Presently, and according to Calabro et al.,’® the introduction of
robotic rehabilitation in standard treatment protocols in the future
of stroke rehabilitation seems very likely and promising. However,
selected aspects of robot assisted gait training for stroke still need to
be improved with new solutions and embedded in clinical practice
guidelines, especially in terms of applicability. Another approach
termed neuro cognitive robot-assisted therapy applied during inpatient
stroke rehabilitation in the sub acute stage is also deemed to promote
the early familiarization of subjects with stroke with the use of such
technologies, as a first step towards minimal therapist supervision
in the clinic, or directly at home after hospital discharge, to help
increase the dose of hand therapy for persons with stroke.* In the
interim, given the multiplicity of determinants that may underlie the
development of one or more health conditions that require some form
of rehabilitation intervention, and the considerable potential for over
whelming patients and their care givers tools such as Al appear to hold
considerable promise. This is because they may collectively have the
potential for reducing or minimizing the risk of multiple functional
limitations and severe disability, and pain, the health issues of most
concern to many older chronically ill or injured patients. In addition,
their usage may enhance practitioner practices, while reducing their
burden as well as societal cost burdens in diverse ways. In stroke
alone for example, applications such as robot assisted therapy and
virtual reality may be shown to advance upper as well as lower limb
function, speech, cognitions, sensory inputs, plus balance and gait that
could prove highly valuable. Other topics to be considered are frailty,
kidney disease, obesity, metabolic diseases, autoimmune diseases,
and lung diseases, among other chronic health conditions.*’

There is also a need to reduce the current imbalance between the
potential uses of Al for diagnostic purposes and drug development,
and in some cases surgery through robotics, with more extensive
and concrete data that can be applied for both diagnostic as well as
rehabilitation purposes among older adult populations with widely
differing health and aging profiles. At present early or more accurate
diagnoses alone, along with the application of personalized precision
management recommendations, while presenting a wonderful
advancement in consolidating information, and saving time costs and
injury in repetitive or strenuous manual tasks, and others, may be
highly challenging to unify and apply effectively given the multiple
diverse spheres, systems, and populations that may not have been
studied. Moreover, even if all known data can be readily synthesized
in the near future, it is yet likely some aspects of relevance in selected
cases will be overlooked or remain untested, or misinterpreted due to
prompt variations. Moreover, as a result of being unable to capture
all variations of note in real time, no universal panacea will be
forthcoming for optimally dealing with all situations even with the
most advanced Al system without some human intervention for some
time to come, especially in light of multiple ethical considerations.*!
In the absence of robust evidence from multiple sources on any
chronic health topic affecting older adults, as can be seen in almost
all Cochrane Systematic reviews, the sole use of Al to advance
rehabilitation efforts is also not recommended in light of any possible
limitations in data aggregation realms, as well as any possible
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incompatibility of the cumulative data with either the patient’s profile
or the provider’s instrumental, technical, ethical, or regulatory values
and knowledge. This also applies to diagnostic interpretations and
treatment recommendations for patients with both acute and chronic
illnesses. The concerns are also evident if the Al applications are used
as to generate recommendations under physician control, if these are
incompatible with presiding social systems, policies, financial, legal,
and regulatory factors. In both acute and chronic illnesses prior to the
widespread rollout of Al, a call for more studies has thus been put forth
to identify the challenges that may raise concerns for implementing
and using Al applications more universally.*?

Discussion

The emergence of artificial intelligence has led health policy
makers and others to examine the benefits of this novel approach. Of
the many topics that have been subjected to recent discussions, results
of the current search showed topics with the most compelling growth
to be Al for big data analysis that can be used to draw comparisons and
make predictions, the use of therapeutic robots and robotic prosthesis,
robotics-assisted stroke rehabilitation, diagnoses using various forms
of scanning and detection of biochemical markers, and its application
in minimally invasive as well as various other forms of surgery.
Also emerging are discussions that acknowledge the importance of
personalized or precision based medical care, as well as population-
specific care, and early detection of diseases that are generally
incurable such as dementia.? In terms of rehabilitation efforts, fewer
ideas than anticipated when compared to the volume of diagnostic
data were observed, as well as a highly diverse set of strategies for
rehabilitation purposes, regardless of health condition, have been put
forth. In addition, whereas Al is currently used as a screening device,
a tracking device, a therapeutic device, a prognostication device, and
its benefits for stroke, diabetes care, fracture surgery and arthritis
care have been advanced, as well as neurological and heart diseases,
its predictive validity in the realm of rehabilitation remains to be
determined,” and especially examined in long term studies.* It can
however be used as a form of social support and educational inputs
that appear promising. Moreover, by gathering and employing a large
amount of organized data and abundant computational resources,
one or more Al approaches appear to hold great promise in effecting
significant advances in both prevention as well as rehabilitation
spheres, regardless of health condition.*

It also appears possible that multiple adjunctive therapies, for
example those designed to reduce pain without use of drugs and
are more passive than not including electro acupuncture laser
therapy, selected manual therapies, infrared radiation, and pulsed
electromagnetic fields may be helpful for use in the home and help
reduce both distress as well as health costs and therapist burden. The
use of robots and mobile robotic exo- skeletal Al applications also
shows promise but their reliability needs to be established through
careful and well-founded meticulous clinical validation processes in
order to have positive impacts on the rehabilitation process, while
improving the desired outcomes of the therapy as well as interactions
among the patient, and the team of health professionals.*® Although
we have not conducted any in depth analysis of any of the currently
available articles, other areas of Al that show promise include the
ability to isolate and monitor therapeutic progress and provide data on
biological marker trajectories without clinical visits, and to similarly
advance education about a health condition or technique vicariously.

However, despite its immense potential, more research is clearly
needed to generate large data sets in most spheres pertaining to
rehabilitation procedures relevant to large numbers of older adults
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with one or more health challenges, either acute or chronic or both,
as the ability to translate the theories about the scope of Al and ML
in the rehabilitation realm of the older adult is largely limited in this
respect.”” In addition, the training of personnel such as surgical nurses
as regards Al and the role of this including robotic nurses and how to
program these-if indicated- remains an area of concern.*®

At present, more robust clinical data across many spheres of
health, including later life, that can yield large reliable data sets that
cover the most universal features of rehabilitation need are clearly
required to successfully advance the health opportunities for aging
populations at high risk for so many diverse chronic health situations
and experiences in a meaningful and safe manner. Their application
must also prove to minimize costs, have no adverse climate change
impact, be practical, and be mindful of past and pervasive health
disparities, equity issues, and complex cultural and genetic influences.
Health systems employing Al must also remain accountable ethically,
and be mindful to preserve confidentiality at all times as well.
Colleges training future health workers should review and revise
curricula to account for Al and its scope of possibilities as well as
limitations. Engineers and other involved in Al should seek the inputs
of current providers, policy makers, ethicists, health organizations, as
well as diverse patient populations. Given the foreseeable challenges
in advancing Al successfully in the rehabilitation sphere, in older
populations, where time is of the essence, perhaps more emphasis on
Al and its application to primary prevention is indicated.

In the meantime, it appears safe to say that virtual and augmented
reality applications and others are clearly increasing in the realm of
efforts to foster the older adults’ physical and cognitive well-being
in multiple training and rehabilitation settings. Yet, these are clearly
still in the early stages of development in terms of affording concrete
efficacious bias free universal cost effective action plans to apply in
diverse healthcare settings and among multiple age associated disease
and injury manifestations and practitioners and health organization
policies and infrastructure and resources.*>' As well as ethical
and legal concerns, few primary prevention and natural healing
opportunities appear to prevail in age related discussions of Al
Rather medical, surgical, and drug based tertiary interventions and
downstream diagnoses precision discourses are commonplace. This
raises concerns about how Al is being used to advance elder care across
the lifespan, and whether the predictive models in Al systems may
be flawed, as well as amplifying health related inequities, privilege,
disability, the digital divide, plus an implicit as well as explicit age
associated bias towards passive types of rehabilitation support for
older ill or disabled adults plus an almost exclusive focus on tertiary
prevention, and efforts to redistribute limited human service providers
through Al based technological avenues, rather than relying on human
wisdom and its apparent satisfying attributes.’>> However, more well
designed randomized clinical trials are needed to advance health care
for the older adult despite the promise of AL**

Conclusion

This brief, designed to garner an emergent view of some articles
pertinent to the use of Al and ML in rehabilitation contexts as these
apply to common health conditions affecting older adults, while
limited and somewhat developmental as well as theoretical, has
revealed:

I. Al is largely explored and currently applicable to selected
diagnostic procedures and the integration of large data sets that
can provide for more advanced health predictions than subjective
and traditional methods alone.
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II.

III.

Iv.

VL

Very little has been done to focus on rehabilitation of any
condition other than stroke, or to identify possible adverse
events that may ensue from ill considered AI/ML applications,
for example applications of virtual reality for stroke victims who
may have perceptual or frailty challenges.

As applied to rehabilitation in older populations, while highly
promising in multiple domains, Al usage needs to be based on
more carefully construed generalizable research that stems from
evidence based practices that prevail, involvement of health care
workers as well as older health challenged personal based inputs,
along with efforts to generate a more inclusive standardized and
set of data base health indicators and measures, and uniformly
categorized validated reports.

Until more substantive evidence that can truly represent the
complexity of multiple age associated health challenges of older
adults more accurately, and reliably, for example in acute care or
long-term settings, an efficient clinician or integrated team may
be more effective at identifying immediate needs and directing
these accordingly in real time than current Al data bases alone.

. The needs of those who require life-long or specialized care, who

are often excluded from randomized controlled clinical trials, or
whose data are rejected as outliers in various reports, should not
be neglected in the desire to acquire a ‘magic bullet’ that promises
to restore health optimally in all realms and in all venues, such as
Al technologies.

To yield optimal future results in any area of rehabilitation
needed by the older adult, individual preferences for Al need to
be considered, as well as health personnel ability to apply Al in
an era of resource scarcity and community situated disparities and
service gaps, cultural diversity, and limited continuing education
opportunities.
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