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The field of healthcare is continually evolving and advancing due to new technologies
and innovations. Assistive technologies (ATs), robots, and automated machines have
emerged as powerful tools in the health domain, capable of revolutionizing overall care [1].
These technologies have the potential to transform the delivery of healthcare, and range
from wearable devices for physiological parameter monitoring up to rehabilitation robots
assisting with and supporting rehabilitation processes. According to the World Health
Organization (WHO), ATs can improve both participation and inclusion, particularly for
individuals with disabilities and frailties [2,3]. Their primary purpose is to preserve or
enhance an individual’s functioning and independence, enabling them to engage in all
aspects of life. Care robots (CRs) offer various interesting applications that can range from
rehabilitation up to surgeries [4–6]. Automated machines are permeating the health system
in various fields [7,8]. They comprehend artificial intelligence (AI)-based systems that
can be integrated in the hardware and software and, more generally, in the interoperable
systems of the health domain [9]. As a result, the perspective of care in the health domain is
undergoing radical changes, with the potential to transform medicine.

ATs, CRs, and automated machines (AMs) are strategic in the health domain. To explore
the opportunities, challenges, issues, and bottlenecks of integrating these tools (alone or
interconnected) into the domain, this Special Issue [10] was initiated in May 2022, and was
subsequently completed in January 2023. This Special Issue collected 17 contributions plus
an editorial [1,11–27], and covered a wide range of topics, including:

• Portable and wearable devices for remote patient monitoring and home-based healthcare;
• Robotics in healthcare;
• Automated machines for diagnosis, imaging, and service automation in the health

domain;
• Artificial intelligence and machine learning in the health domain;
• Ethical and regulatory considerations in the use of these technologies;
• Applications of virtual reality in the health domain;
• Integration into digital health and telehealth.

A detailed analysis of the issues addressed is briefly summarized to better highlight
these fields with more details.

Strunga et al. [11] overviewed the contemporary applications of advanced AI software
in orthodontics, showing both the opportunities and the problems of integration in the
health domain.

Kim et al. [12] investigated enhancing usability and satisfaction among adults in
community living through functional and gait exercises utilizing a wearable hip exoskeleton.
They showed that a single session of exercise with this tool allowed an improvement in
performance of both middle- and old-aged adults.

Ianculescu et al. [13] proposed and successfully applied a method, comprising remote
monitoring digital solutions, for identifying and managing the risk of long-term emotional
and mental declines in older adults following a SARS-CoV-2 infection.
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Ha et al. [14] explored the impact of a stroke rehabilitation method that employs
gait-robot-assisted training and tailored tasks on motion, daily activities, self-efficacy in
stroke recovery, and overall quality of life among patients with hemiplegia post-stroke. The
study highlighted that the integration of gait-robot-assisted rehabilitation and goal setting
notably enhanced gait proficiency, balance, self-assurance in stroke management, and the
overall quality of life for stroke patients.

Hu et al. [15] designed equipment dedicated both to urine and stool management in
disabled persons. The study showed that the system could improve the efficacy of con-
ventional detection approaches; furthermore, the developed excretion nursing equipment
successfully achieved the task of providing excretion care for patients.

Zhu et al. [16] empirically investigated the role of faith, privacy fears, and observed
helpfulness in client approval and ongoing intention in telehealth. The findings indicated
that faith influenced the connection between subjective helpfulness and approval with
ongoing intention. Privacy fears were found to potentially moderate the association
between faith based on structural assurance and ongoing intention.

Ju et al. [17] analyzed the design, functioning, and outcome of different robotic reha-
bilitation systems in the field of sports. The study highlighted the potential use of these
systems in elderly patients with degenerative pathologies.

Pirrera et al. [18] conducted an overview of Ats, using devices based on the control of
the tongue with an arranged barbell piercing. They showed that these smart devices were
promising, and suggested better integration into the health domain.

Leung et al. [19], assuming that social robots had the potential to bring benefits to
aged care, investigated the effectiveness of human–robot interactions. They concluded that,
in order to support aging-in-place and fill the gaps of the intensified shortage of health and
social manpower, it was of prime importance to develop reliable, age-friendly, AI-based
robotic services meeting the expectances and desires of older adults and caregivers. Samee
et al. [20] focused on medical devices used for computer-aided diagnoses. Their study
proposed a novel deep convolutional neural network for the classification of brain cancer
in images obtained by means of magnetic resonance systems. Overall, the results showed
an improved accuracy compared to prior studies.

Kavalieros et al. [21] proposed a procedure for choosing suitable mechatronics for
robotic devices designed for the lower limbs. The outcome demonstrated the correctness
and effectiveness of the proposed procedure.

Kalafati et al. [22] reported the performance of a novel prototypal application for
smartphones. It used a compression pen, with the role of collecting measurable and
unbiased information on patients with Parkinson’s Disease (PD), with the potential of
allowing the physicians to better face and classify the degree of severity of the disease.

Giansanti D. commented in [23] on the study by Kalafati et al. [22], discussing the
important perspectives of the tool to pave the way for the application of self-assessments
by means of mHealth in PD.

Jin et al. [24] assumed that children in the health domain face a lot of stressful cir-
cumstances, and that robots may create fun and friendly environments for children. They
investigated the desirable requirements of care robots for producing outcomes, which
contributes to highlighting the importance of the robots for assisting patients of pediatric
age in the health domain in the future.

Giansanti [25] focused on AI integration in digital radiology, and highlighted the
complexity and intricacy of the adoption of regulation in this field both at a national and
an international level.

Hanna et al. [26], in a study conducted in Texas, explored the application of social
networks as ATs in the field of epidemiology. They investigated the cost trends of ad-
vertisements on Facebook as a function of new HIV diagnoses with different models of
communication approach. The study revealed that, for populations at risk of HIV, directed
Facebook adverts proved more cost-effective for identifying new HIV infections compared
to non-directed advertisements.
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Tokgöz et al. [27] provided a review of the area of virtual reality for upper-extremity
rehabilitation. Their results emphasized the need for stronger evidence-based virtual-reality
technologies for the rehabilitation of injuries and diseases of the upper extremities.

From this brief detailed examination, this collection is shown to highlight the following:

• The important interest of scholars in the field of robotics, both as regards rehabilitation
aspects [12,14,17] (also through protocols that simulate sports activities [17]), and in
the applications of social robotics [19,24], and as regards technological-propulsive
aspects [21];

• The need for more scientific evidence in the effectiveness of using virtual reality [27];
• The criticality of regulatory and ethical aspects in these highly innovative technological

systems, both with and without AI content [18,25];
• The interest in topics on digital health and telehealth, whether integrated with AI

(as, for example, in a study on a software for orthodontics [11]) or not, for web-based
psychological studies on the elderly [13], for studies on the factors influencing their
use [16], and for studies focused on innovative applications in PD [22], with interesting
prospects for self-assessment [23];

• AMs have found application in innovative machines called excretion nursing equip-
ment [15] within smart medical devices [18], and in innovative feature recognition
algorithms in BT [20];

• Even social networks, in this case Facebook, have found space as applications in the
health domain [26].

It is also useful to make a mapping point, through this Editorial, on trends in this
sector, to verify and possibly underline and reinforce the interest of a global scientific focus
on this sector, which pushes us to move forward in initiatives towards the collection of
experiences, such as Special Issues.

As regards the studies on ATs, a search with the key reported in Box 1, position 1
highlights 2803 studies starting from 1990. Of these studies, 966 (34.5%) were carried
out starting from 1 January 2020. In all, there are 428 reviews (both systematic and non-
systematic).

As regards the studies on robotics, the search with the key reported in Box 1, position 2
highlights 12,868 studies starting from 1978. Of these studies, 5827 (45.3%) were carried
out starting from 1 January 2020. In all, there are 2671 reviews (both systematic and
non-systematic).

As regards the studies on automated machines, the search with the key reported in
Box 1, position 3 highlights 488 studies starting from 1968. Of these studies, 330 (67.6%)
were carried out starting from 1 January 2020. In all, there are 15 reviews (both systematic
and non-systematic). As far as automated machines are concerned, it is also useful to
search using other keys (e.g., neural networks, machine learning, deep learning, artificial
intelligence). Limiting ourselves to research on AI, we can see how, as regards the studies
on AI, the search with the key reported in Box 1, position 4 highlights 35,542 studies starting
from 1969. Of these studies, 29,608 (83.3%) were carried out starting from 1 January 2020.
In all, there are 8801 reviews (both systematic and non-systematic).

Box 1. Composite key used for the searches in PubMed.

(assistive technology[Title/Abstract])
(robotics[Title/Abstract])

(automated machine[Title/Abstract])
(artificial intelligence[Title/Abstract])

This brief overview highlights how, in these sectors, there has been a tremendous
acceleration of scientific production and interest in the period of the COVID-19 pandemic.
The interest in studies on automated machines is older than the others (1968). There is a
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good percentage of reviews (also considering the AI inside automatic machines), indicating
good progress in the stabilization process of topics of scientific interest.

Overall, this Editorial highlighted the interest of scholars in ATs [28–31], CRs [32–35],
and AMs [36–38]. This interest has increased, becoming tremendous in the last three years,
due to the COVID-19 pandemic.

There is a great and renewed need for discussion in this area, in order to exchange and
share experiences at 360 degrees on opportunities, problems, and even failures. With this
in mind, this Special Issue, “Assistive Technologies, Robotics, and Automated Machines in
the Health Domain: Second Edition” [39] was launched.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Giansanti, D. Assistive Technologies, Robotics, Automatic Machines: Perspectives of Integration in the Health Domain. Healthcare

2022, 10, 1080. [CrossRef] [PubMed]
2. Assistive Technology. Available online: https://www.who.int/news-room/fact-sheets/detail/assistive-technology (accessed on

30 August 2023).
3. What Is AT? Available online: https://www.atia.org/home/at-resources/what-is-at/ (accessed on 24 May 2022).
4. Dolic, Z.; Castro, R.; Moarcas, A. Robots in Healthcare: A Solution or a Problem? Study for the Committee on Environment,

Public Health, and Food Safety. Luxembourg: Policy Department for Economic, Scientific and Quality of Life Policies, European
Parliament. 2019. Available online: https://www.europarl.europa.eu/RegData/etudes/IDAN/2019/638391/IPOL_IDA(2019
)638391_EN.pdf (accessed on 30 August 2023).

5. Sheridan, T.B. A review of recent research in social robotics. Curr. Opin. Psychol. 2020, 36, 7–12. [CrossRef] [PubMed]
6. Morone, G.; Cocchi, I.; Paolucci, S.; Iosa, M. Robot-assisted therapy for arm recovery for stroke patients: State of the art and

clinical implication. Expert Rev. Med. Devices 2020, 17, 223–233. [CrossRef] [PubMed]
7. Waring, J.; Lindvall, C.; Umeton, R. Automated machine learning: Review of the state-of-the-art and opportunities for healthcare.

Artif. Intell. Med. 2020, 104, 101822. [CrossRef]
8. Uthman, O.A.; Court, R.; Enderby, J.; Al-Khudairy, L.; Nduka, C.; Mistry, H.; Melendez-Torres, G.J.; Taylor-Phillips, S.; Clarke, A.

Increasing comprehensiveness and reducing workload in a systematic review of complex interventions using automated machine
learning. Health Technol. Assess. 2022. [CrossRef] [PubMed]

9. Gupta, N.S.; Kumar, P. Perspective of artificial intelligence in healthcare data management: A journey towards precision medicine.
Comput. Biol. Med. 2023, 162, 107051. [CrossRef]

10. Special Issue “Assistive Technologies, Robotics, and Automated Machines in the Health Domain”. Available online: https://www.
mdpi.com/journal/healthcare/special_issues/Assistive_Technologies_Robotics_Automated_Machines_Health_Domain (ac-
cessed on 27 June 2023).

11. Strunga, M.; Urban, R.; Surovková, J.; Thurzo, A. Artificial Intelligence Systems Assisting in the Assessment of the Course and
Retention of Orthodontic Treatment. Healthcare 2023, 11, 683. [CrossRef]

12. Kim, J.; Chun, H.; Lee, S.-H.; Lee, H.-J.; Kim, Y.-H. Functional Improvement and Satisfaction with a Wearable Hip Exoskeleton in
Community-Living Adults. Healthcare 2023, 11, 643. [CrossRef]

13. Ianculescu, M.; Alexandru, A.; Paraschiv, E.-A. The Potential of the Remote Monitoring Digital Solutions to Sustain the Mental
and Emotional Health of the Elderly during and Post COVID-19 Crisis in Romania. Healthcare 2023, 11, 608. [CrossRef]

14. Ha, Y.; Park, M. Effects of Stroke Rehabilitation Using Gait Robot-Assisted Training and Person-Centered Goal Setting: A Single
Blinded Pilot Study. Healthcare 2023, 11, 588. [CrossRef]

15. Hu, B.; Chen, Z.; Chen, X.; Lu, S.; Su, Y.; Yu, H. Research of System Design and Automatic Detection Method for Excretion
Nursing Equipment. Healthcare 2023, 11, 388. [CrossRef] [PubMed]

16. Zhu, L.; Jiang, X.; Cao, J. Factors Affecting Continuance Intention in Non-Face-to-Face Telemedicine Services: Trust Typology and
Privacy Concern Perspectives. Healthcare 2023, 11, 374. [CrossRef] [PubMed]

17. Ju, F.; Wang, Y.; Xie, B.; Mi, Y.; Zhao, M.; Cao, J. The Use of Sports Rehabilitation Robotics to Assist in the Recovery of Physical
Abilities in Elderly Patients with Degenerative Diseases: A Literature Review. Healthcare 2023, 11, 326. [CrossRef]

18. Pirrera, A.; Meli, P.; De Dominicis, A.; Lepri, A.; Giansanti, D. Assistive Technologies and Quadriplegia: A Map Point on the
Development and Spread of the Tongue Barbell Piercing. Healthcare 2023, 11, 101. [CrossRef] [PubMed]

19. Leung, A.Y.M.; Zhao, I.Y.; Lin, S.; Lau, T.K. Exploring the Presence of Humanoid Social Robots at Home and Capturing
Human-Robot Interactions with Older Adults: Experiences from Four Case Studies. Healthcare 2023, 11, 39. [CrossRef] [PubMed]

20. Samee, N.A.; Ahmad, T.; Mahmoud, N.F.; Atteia, G.; Abdallah, H.A.; Rizwan, A. Clinical Decision Support Framework for
Segmentation and Classification of Brain Tumor MRIs Using a U-Net and DCNN Cascaded Learning Algorithm. Healthcare 2022,
10, 2340. [CrossRef]

21. Kavalieros, D.; Kapothanasis, E.; Kakarountas, A.; Loukopoulos, T. Methodology for Selecting the Appropriate Electric Motor for
Robotic Modular Systems for Lower Extremities. Healthcare 2022, 10, 2054. [CrossRef]

https://doi.org/10.3390/healthcare10061080
https://www.ncbi.nlm.nih.gov/pubmed/35742131
https://www.who.int/news-room/fact-sheets/detail/assistive-technology
https://www.atia.org/home/at-resources/what-is-at/
https://www.europarl.europa.eu/RegData/etudes/IDAN/2019/638391/IPOL_IDA(2019)638391_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2019/638391/IPOL_IDA(2019)638391_EN.pdf
https://doi.org/10.1016/j.copsyc.2020.01.003
https://www.ncbi.nlm.nih.gov/pubmed/32294577
https://doi.org/10.1080/17434440.2020.1733408
https://www.ncbi.nlm.nih.gov/pubmed/32107946
https://doi.org/10.1016/j.artmed.2020.101822
https://doi.org/10.3310/UDIR6682
https://www.ncbi.nlm.nih.gov/pubmed/36562494
https://doi.org/10.1016/j.compbiomed.2023.107051
https://www.mdpi.com/journal/healthcare/special_issues/Assistive_Technologies_Robotics_Automated_Machines_Health_Domain
https://www.mdpi.com/journal/healthcare/special_issues/Assistive_Technologies_Robotics_Automated_Machines_Health_Domain
https://doi.org/10.3390/healthcare11050683
https://doi.org/10.3390/healthcare11050643
https://doi.org/10.3390/healthcare11040608
https://doi.org/10.3390/healthcare11040588
https://doi.org/10.3390/healthcare11030388
https://www.ncbi.nlm.nih.gov/pubmed/36766962
https://doi.org/10.3390/healthcare11030374
https://www.ncbi.nlm.nih.gov/pubmed/36766949
https://doi.org/10.3390/healthcare11030326
https://doi.org/10.3390/healthcare11010101
https://www.ncbi.nlm.nih.gov/pubmed/36611561
https://doi.org/10.3390/healthcare11010039
https://www.ncbi.nlm.nih.gov/pubmed/36611499
https://doi.org/10.3390/healthcare10122340
https://doi.org/10.3390/healthcare10102054


Healthcare 2023, 11, 2462 5 of 5

22. Kalafati, M.; Kakarountas, A.; Chroni, E. Testing of Motor Coordination in Degenerative Neurological Diseases. Healthcare 2022,
10, 1948. [CrossRef]

23. Giansanti, D. The Perspective of mHealth in the Self-Assessment of the Parkinson’s Disease. Comment on Kalafati et al. Testing
of Motor Coordination in Degenerative Neurological Diseases. Healthcare 2022, 10, 1948, reprinted in Healthcare 2023, 11, 850.

24. Jin, M.; Choi, H. Caregiver Views on Prospective Use of Robotic Care in Helping Children Adapt to Hospitalization. Healthcare
2022, 10, 1925. [CrossRef]

25. Giansanti, D. The Regulation of Artificial Intelligence in Digital Radiology in the Scientific Literature: A Narrative Review of
Reviews. Healthcare 2022, 10, 1824. [CrossRef] [PubMed]

26. Hanna, J.J.; Nijhawan, A.E.; Lehmann, C.U.; Medford, R.J. Simulating Facebook Advertisements to Establish Cost per New HIV
Diagnosis Using Routine and Targeted Models in a Local Population. Healthcare 2022, 10, 1195. [CrossRef] [PubMed]

27. Tokgöz, P.; Stampa, S.; Wähnert, D.; Vordemvenne, T.; Dockweiler, C. Virtual Reality in the Rehabilitation of Patients with Injuries
and Diseases of Upper Extremities. Healthcare 2022, 10, 1124. [CrossRef] [PubMed]

28. Hwang, S.; Song, C.S. Assistive Technology Involving Postural Control and Gait Performance for Adults with Stroke: A Systematic
Review and Meta-Analysis. Healthcare 2023, 11, 2225. [CrossRef] [PubMed]

29. Manship, S.; Hatzidimitriadou, E.; Moore, J.; Stein, M.; Towse, D.; Smith, R. The experiences and perceptions of health-care
professionals regarding assistive technology training: A systematic review. Assist. Technol. 2023, 1–24, epub ahead of print.
[CrossRef]

30. Kasowski, J.; Johnson, B.A.; Neydavood, R.; Akkaraju, A.; Beyeler, M. A systematic review of extended reality (XR) for
understanding and augmenting vision loss. J. Vis. 2023, 23, 5. [CrossRef]

31. Ventura, S.; Ottoboni, G.; Pappadà, A.; Tessari, A. Acceptance of Assistive Technology by Users with Motor Disabilities Due to
Spinal Cord or Acquired Brain: A Systematic Review. J. Clin. Med. 2023, 12, 2962. [CrossRef]

32. Madhavan, K.; Jena, R.; Bhargava, P.; Pradhan, A.; Bhandari, M. Comparison of outcomes after open versus robotic kidney
transplantation: A systematic review and meta-analysis. Indian J. Urol. 2023, 39, 186–194. [CrossRef]

33. Ragno, L.; Borboni, A.; Vannetti, F.; Amici, C.; Cusano, N. Application of Social Robots in Healthcare: Review on Characteristics,
Requirements, Technical Solutions. Sensors 2023, 23, 6820. [CrossRef]

34. Roy, N.; Alessandro, C.J.; Ibelli, T.J.; Akhavan, A.A.; Sharaf, J.M.; Rabinovitch, D.P.W.; Yao, A. The Expanding Utility of
Robotic-Assisted Flap Harvest in Autologous Breast Reconstruction: A Systematic Review. J. Clin. Med. 2023, 12, 4951. [CrossRef]

35. Morrison, J.D.; Joshi, K.C.; Beer Furlan, A.; Kolb, B.; Radaideh, Y.; Munich, S.; Crowley, W.; Chen, M. Feasibility of robotic
neuroendovascular surgery. Interv. Neuroradiol. 2023; epub ahead of print. [CrossRef]

36. Li, Y.; Yip, M.Y.T.; Ting, D.S.W.; Ang, M. Artificial intelligence and digital solutions for myopia. Taiwan J. Ophthalmol. 2023, 13,
142–150. [CrossRef] [PubMed]

37. Mahajan, N.; Holzwanger, E.; Brown, J.G.; Berzin, T.M. Deploying automated machine learning for computer vision projects: A
brief introduction for endoscopists. VideoGIE 2023, 8, 249–251. [CrossRef] [PubMed]

38. Kang, J.S.; Kang, J.; Kim, J.J.; Jeon, K.W.; Chung, H.J.; Park, B.H. Neural Architecture Search Survey: A Computer Vision
Perspective. Sensors 2023, 23, 1713. [CrossRef] [PubMed]

39. Special Issue “Assistive Technologies, Robotics, and Automated Machines in the Health Domain: Second Edition”. Available
online: https://www.mdpi.com/journal/healthcare/special_issues/1VSO3E97JI (accessed on 27 June 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/healthcare10101948
https://doi.org/10.3390/healthcare10101925
https://doi.org/10.3390/healthcare10101824
https://www.ncbi.nlm.nih.gov/pubmed/36292270
https://doi.org/10.3390/healthcare10071195
https://www.ncbi.nlm.nih.gov/pubmed/35885724
https://doi.org/10.3390/healthcare10061124
https://www.ncbi.nlm.nih.gov/pubmed/35742176
https://doi.org/10.3390/healthcare11152225
https://www.ncbi.nlm.nih.gov/pubmed/37570466
https://doi.org/10.1080/10400435.2023.2219294
https://doi.org/10.1167/jov.23.5.5
https://doi.org/10.3390/jcm12082962
https://doi.org/10.4103/iju.iju_390_22
https://doi.org/10.3390/s23156820
https://doi.org/10.3390/jcm12154951
https://doi.org/10.1177/15910199221097898
https://doi.org/10.4103/tjo.TJO-D-23-00032
https://www.ncbi.nlm.nih.gov/pubmed/37484621
https://doi.org/10.1016/j.vgie.2023.02.012
https://www.ncbi.nlm.nih.gov/pubmed/37303708
https://doi.org/10.3390/s23031713
https://www.ncbi.nlm.nih.gov/pubmed/36772749
https://www.mdpi.com/journal/healthcare/special_issues/1VSO3E97JI

	References

