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ABSTRACT

Healthcare Artificial Intelligence (Al) readiness is defined as adequate knowledge, attitudes, and skills such that
health professionals are prepared for Al use in prevention, diagnosis, treatment, and rehabilitation. The aim of
this study is to assess readiness levels for Al among medical and dental professionals in Saudi Arabia. A cross-
sectional study of 334 medical and dental students and practitioners in Saudi Arabia. Data were collected with a
self-administered online questionnaire using the Medical Artificial Intelligence Readiness Scale (MAIRS). Data
were analyzed using descriptive statistics and t-tests using SPSS software. The level of significance was set at
p <0.05. Participants’ MAIRS responses ranged from a mean (m) of 2.26 and a standard deviation (SD) of 1.17
tom=2.76 and SD = 1.7 out of 5, indicating low levels of Al readiness. Dental professionals had significantly (p
<0.05) better readiness on 21 (of 22) MAIRS items. Only one item was significantly (p<0.05) associated with
gender or qualifications. Participants had low readiness levels for Al, although dental professionals had
significantly better scores. It is recommended that Al material and hands-on training be provided during
undergraduate and postgraduate education for Saudi Arabian medical and dental professionals.

Key words: Artificial intelligence, Readiness, Medical, Saudi Arabia, Medical Artificial Intelligence Readiness
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INTRODUCTION

Artificial Intelligence (Al) is a prominent scientific advancement changing the modern world [1, 2]. Al is defined
as the engineering and science of creating intelligent machines [3] with the ability to problem-solve and learn
through different modalities, including machine learning, neural networks, and natural language processing [4]
Al is being used extensively in healthcare, such as, for example, in the detection of disease outbreaks [5] and
water contaminations [6]. There are also many applications for Al in clinical settings, including analyzing images
to detect skin cancer [7] and eye diseases [8] using echocardiograms to identify heart abnormalities [9], and
performing clinical procedures in robotic surgery, as with knot tying [5]. Al also has applications in the dental
field, such as for caries detection [10], oral cancer diagnosis [11], dental shad restoration selection [12], and
temporomandibular diagnoses [13]. Al use helps increase healthcare efficiency and effectiveness and decreases
medical malpractice [14].

The World Health Organization warned that healthcare professionals need to understand how Al operates [15],
so Al will become an important domain in healthcare education [16, 17]. Future healthcare workers will use Al
based on their understanding of its concepts and algorithms [18]. This is important because Al is not a magical
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tool to be taken for granted, and poor implementation of Al projects could lead to inaccurate diagnoses that harm
patients, which has been reported in some studies [19, 20].

Many people use Al in applications such as voice and face recognition, but few are aware of the technology,
concepts, or ethical dilemmas related to Al [21, 22]. Researchers have highlighted a communication gap among
healthcare workers regarding Al that might hinder the technology’s efficient and proper utilization, such as with
poor data storage [18]. This is why physicians must understand at least basic Al concepts to use Al potentiates
appropriately.

It is expected that healthcare workers with Al knowledge will replace those without such knowledge in the future
[23], in alignment with global market changes in the digital era. Several studies have investigated Al literacy and
knowledge among healthcare professionals (workers and students) [24-26] However, very few have investigated
Al readiness among health professionals. Al readiness in healthcare—the knowledge, attitudes, and skills that
prepare health professionals to use Al applications in prevention, diagnosis, treatment, and rehabilitation [27]—
is not equal to Al knowledge or literacy, but Al literacy with confidence and perception can influence Al readiness
[28].

Al readiness has been investigated in various domains, including healthcare [29, 30], engineering [31], business
innovation [32], governmental initiatives, and the reforming process for development in many countries, including
China [33]. Most of these studies investigated readiness from a governmental perspective because there is a strong
relationship between Al readiness and the economy [33]. A recent study validated the Medical Artificial
Intelligence Readiness Scale (MAIRS) as a tools for measuring Al readiness among medical professionals [27].
However, the tool and readiness have not been thoroughly investigated among medical and dental professionals.
A number of reviews and commentaries have discussed Al medical uses [34-36], and a few original papers have
investigated knowledge and attitudes about Al among medical doctors or students [26, 37-39]. It is worth noting
that many of these studies were specifically interested in Al use for radiology [26], particularly in Saudi Arabia
[37-39]. In one multi-continent study, medical doctors and students had low levels of familiarity with Al, and
only 2.9-9.8% had attended courses about Al [40]. Results of Saudi Arabian studies among medical doctors and
students showed low levels of knowledge about Al despite the desire to learn. There were also concerns among
respondents about the possibility of Al affecting their future employment [37-39].

In the dental field, few studies have investigated Al among dentists and dental students. In Turkey, a study showed
that 48.40% of dental students had basic knowledge about Al, and many of them believed that Al would change
dentistry [41]. Another study in Saudi Arabia showed positive attitudes toward Al among dentists and dental
students [42] However, no studies have investigated Al readiness among medical and dental professionals in
Saudi Arabia using a validated method. Thus, given the major transformations in digital services and healthcare
reforms in line with Saudi Arabia’s Vision 2030, the aim of this project was to assess readiness for Al among
medical and dental professionals in the specific Saudi Arabian setting.

MATERIALS AND METHODS

Study design

The study was approved by Umm Al-Qura University with reference number HAPO-02-K-012-2022-06-1115.
This was a descriptive cross-sectional study aimed at assessing levels of readiness for Al among medical and
dental students and graduates in Saudi Arabia.

Participants

A convenience sample was used, and participants were medical or dental students and graduates working at
various levels (general practitioner, specialist, or consultant) in Saudi Arabia (inclusion criteria). Students in
preparatory years for the health track were excluded. Also excluded were any participants who did not agree to
the study’s informed consent.

Setting

Data was collected between June and July of 2022. The research team used a self-reported questionnaire that was
given in English because medical and dental professionals learn English in Saudi Arabia. The online questionnaire
was accessed via a link sent to medical and dental professionals through social media platforms, including
Instagram, Twitter, LinkedIn, and Telegram. The study link was also sent to personal contacts in the targeted
fields. Participants’ electronic consent was mandatory before they could complete the questionnaire via a
mandatory consent form that provided information about the study’s aims, requirements, inclusion criteria, and
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freedom to stop participating, in addition to other information about the study’s nature. All data were obtained
without revealing any private information, and any information that would expose a participant’s identity was
eliminated.

Questionnaire (Measurement)

The questionnaire comprised 30 questions divided into two sections. Section One collected demographic data,
including gender, age, city, region, specialty, workplace (university, hospital), qualifications, and nationality.
Section Two assessed Al readiness using 22 questions answered on a five-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). These questions comprise the MAIRS for medical students (MAIRS-
MS), which was validated in a prior study [27] with Cronbach’s alpha of 0.73.

Data analysis

The probability value of 0.05 was used for this study’s analysis. SPSS version 27 (IBM, Inc., Armonk, NY, USA)
and Excel (Microsoft Corporation, Redmond, WA, USA) were used to generate humbers and percentages of
categorical variables and the mean with SD for continuous variables. Statistical tests included t-tests.

RESULTS AND DISCUSSION

The study’s 334 participants who completed the questionnaire were from 19 cities in Saudi Arabia: Abha,
Alkhobar, Alqunfudah, Arar, Buriyadh, Dammam, Hagl, Jazan, Jeddah, Khobar, Madinah, Majmaa, Makkah,
Najran, Qassim, Rabigh, Riyadh, Tabuk, and Taif. The participants worked at the following 22
organizations/universities: Almaarefa University, Battarji medical colleges, Imam Abdulrahman Bin Faisal
University, Imam Mohammad Ibn Saud Islamic University, Jazan University, Jeddah University, King
Abdualaziz University, King Abdulaziz Medical City, King Fahd Hospital of the University, King Faisal
hospital, King Khalid University, King Saud bin Abdulaziz University for Health Sciences, King Saud
University, Majmaah University, Ministry of Health hospitals, Najran University, Sulaiman Al-Rajhi University,
Taibah University, Taif University, Umm Al-Qura University, Vision Colleges, private hospitals, and private
clinics. The participants had a mean age of 22.05 and a standard deviation (SD) of 2.80. The demographic data
are provided in Table 1.

Table 1. Participants’ demographic data.

Variable n %
Male 115 34.43%
Gender
Female 219 65.57%
] Medicine 275 82.34%
Specialty -
Dentistry 59 17.66%
Student in clinical year (4th, 5th, or 6th) 270 80.84%
Intern 25 7.49%
Qualification Graduate (bachelor) 30 8.98%
Specialist 6 1.80%
Consultant 3 0.90%
Western 249 74.55%
Central 27 8.08%
Region in Saudi Arabia Southern 17 5.09%
Eastern 34 10.18%
Northern 7 2.10%
o Saudi 328 98.20%
Nationality -
Non-Saudi 6 1.80%

Participants’ answers to each MAIRS item are shown in Table 2. When comparing MAIRS items regarding
specialties using a t-test, we found that 21 items were significantly higher among dental professionals than
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medical professionals, as shown in Table 2. Using a t-test, none of the MAIRS items were significantly different
between males and females (p > 0.05). When comparing students versus interns/graduates on MAIRS items,
nearly all of the MAIRS items were not significantly different except for “I can harness Al-based information
combined with my professional knowledge,” where interns/graduates had higher scores than students (p = 0.04).

Table 2. Participants’ MAIRS answers.

MAIRS item r:?;?gl) Nrf(z iSc[i)r)le D;n(tésé;y p-value
I can define the basic concepts of data science. 2.71(1.3) 259(1.26) 3.29(1.33) <0.001
I can define the basic concepts of statistics. 2.67(1.21) 254(1.18) 3.27(1.17) <0.001
I can explain how Al systems are trained. 2.26 (1.17) 2.16(1.15) 2.71(1.15) 0.001
I can define the basic concepts and terminology of Al. 2.41(1.23) 2.34(1.24) 2.76(1.16) 0.014
I can properly analyze the data obtained by Al in healthcare. 2.35(1.19) 2.25(1.16) 2.8(1.24) 0.003

| can differentiate the functions and features of Al-related tools and

applications. 242(1.22) 231(1.21) 29(1.2) 0.001

I can organize workflows compatible with Al. 242 (1.24) 2.33(1.22) 2.85(1.27) 0.005

I can express the importance of data collection, analysis, evaluation, and

safety for the development of Al in healthcare. 266 (125 259(122)  3(134) 0.031

I can harness Al-based information combined with my professional

nowledge. 2.45(1.16) 2.35(1.16) 2.9(1.09)  0.001

I can use Al technologies effectively and efficiently for healthcare

delivery. 258 (1.31) 2.48(1.28) 3.05(1.37) 0.004

I can use artificial intelligence applications in accordance with their

oUposes 259 (1.35) 2.48(1.32) 3.12(1.34) 0.001

I can access, evaluate, use, create, and share new knowledge using

information and communication technologies. 266(1:3)  259(1.3) 302(1.25) 0019

I can explain how Al applications offer a solution to specific problems in

heltheare. 254 (1.26) 2.45(1.26) 2.97 (1.19) 0.004

| find it valuable to use Al for education, service, and research purposes. 2.76 (1.3) 2.68 (1.32) 3.15(1.16) 0.007

I can explain Al applications used in healthcare services to patients. ~ 2.55 (1.25) 2.48(1.23) 2.9(1.27) 0.022

I can choose the proper Al application for a problem encountered in 246(121) 24(12) 278(122) 0031

healthcare.
I can explain the limitations of Al technology. 255(1.22) 247(1.2) 293(1.24) 0.01
I can explain the strengths and weaknesses of Al technology. 257 (1.25) 249(1.2) 295(1.38) 0.021

I can foresee the opportunities and threats that Al technology can create. 2.54 (1.26) 2.46 (1.26) 2.88(1.22) 0.019

I can use health data in accordance with legal and ethical norms. 2.69(1.33) 2.61(1.32) 3.05(1.34) 0.024

I can conduct under ethical principle while using Al technologies. 259 (1.29) 253(1.29) 2.86(1.31) 0.078

I can follow legal regulations regarding the use of Al technologies in

healthcare, 2.71(1.31) 2.61(1.31) 3.14(1.21) 0.004

The aim of this study was to assess the readiness for Al of medical and dental professionals in Saudi Arabia.
Using the validated instrument MAIRS, the results showed that most of the participants scored 2.26-2.76 on a
scale of 1 to 5, which is less than the midpoint of “3.” This indicates low levels of readiness for Al. Dental
professionals had significantly better readiness for most MAIRS items than did medical professionals. Gender
and qualifications were not associated with readiness levels.
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Our study investigated Al readiness among medical and dental professionals, filling a gap in previous studies
investigating readiness in the health field; prior studies instead concentrated on knowledge and attitudes [37-42].
In agreement with our results, these previous studies indicated low levels of Al knowledge among medical doctors
and students [37-40], while dental students had moderate levels [41]. Nevertheless, as already mentioned, Al
knowledge and literacy do not equal or predict Al readiness [28]. This concept was found in a study in which
knowledge and literacy about diabetes were not related to readiness [43]. However, even if medical and dental
professionals have low or moderate Al knowledge levels, they may be willing and ready to learn about Al and its
uses.

That said, our results also found that readiness levels were not satisfactory. This indicates that medical and dental
professionals lack both sufficient knowledge and readiness to use Al at this time. Much effort will be required to
fill this gap, but this is important because Al is reshaping the future of healthcare [44, 45], and blindly relying on
such advancements alone might cause severe unintentional harm to patients, as previously reported [19, 20].
From another perspective, our findings indicated that dental professionals were significantly more ready than
medical professionals, as measured by the simultaneous completion of the same questionnaire. This may be due
to the dental profession being more technical and more likely to depend on machines in their work. Dentists may
have adopted recent technological advances, such as 3D printing [46, 47], scanning [48], and digital radiographs
[49]. It should be noted that dental participants in this study made up one-fifth of the sample. Future studies might
include larger sample sizes, specifically dental professionals, to give external validity to these results.

Our results show that medical professionals are more in need of materials and hands-on sessions about Al in
undergraduate and postgraduate studies to increase Al knowledge. Al should also be highlighted as an integral
advancement in healthcare that should be addressed by medical professionals, boosting their readiness. This can
help the next generation of medical professionals cope with the data science era and fit into an upcoming Al
ecosystem [50-52]. However, this is not limited to medical professionals and should be applied to dental
professionals, who still showed low levels of Al readiness in Saudi Arabia.

It is important to note that there are major transformations in Saudi Arabia according to Vision 2030. Digitalization
is one of its fundamental pillars, along with a radical shift to a new model of care [53, 54]. This makes Al
knowledge, literacy, and readiness vitally important [55], particularly because in the future, healthcare workers
with Al familiarity will replace those who are not as well-versed [23].

There were some challenges and limitations in the current study. They include the use of a self-reported
questionnaire, unequal distribution of participants from different regions of Saudi Arabia, and the use of
convenience sampling to collect data. In contrast, this is the first study to measure Al readiness among medical
and dental professionals in Saudi Arabia, and it can be a first benchmark for future studies in the field. A primary
strength of the current study is the use of the MAIRS validated questionnaire to measure readiness for Al. Because
this may be one of the earliest studies to use MAIRS, future studies in different countries are needed for more
meaningful cross-cultural comparisons. In such studies, changes should be tracked longitudinally among these
populations. For better usability of the scale, it is recommended that the MAIRS scoring system be modified with
cutoff points for low, moderate, and high levels of readiness.

CONCLUSION

Medical and dental professionals are not yet ready for Al, based on the low levels of readiness measured in this
study. While dental professionals had significantly better readiness scores than medical professionals, it is
recommended that educational organizations and hospitals include Al modules and hands-on training in
undergraduate and postgraduate education. This will help the next generation of medical and dental professionals
cope with the data science era and be fit for the upcoming Al ecosystem in Saudi Arabia.

ACKNOWLEDGMENTS : The authors want to thank all the medical and dental professionals who completed
this study’s questionnaire, and thank Milestone Research School for helping in monitoring the study steps.

CONFLICT OF INTEREST : None
FINANCIAL SUPPORT : None

ETHICS STATEMENT : This study was approved by Umm Al-Qura University institiution review board
committee with reference number HAPO-02-K-012-2022-06-1115.

56



Aboalshamat et al. Int. J. Pharm. Res. Allied Sci., 2022, 11(4): 52-59

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Cope B, Kalantzis M, Searsmith D. Artificial intelligence for education: Knowledge and its assessment in
Al-enabled learning ecologies. Educ Philos Theory. 2021;53(12):1229-45.

Makridakis S. The forthcoming Artificial Intelligence (Al) revolution: Its impact on society and firms.
Futures. 2017;90:46-60.

McCarthy J. From here to human-level Al. Artif Intell. 2007;171(18):1174-82.

Zawacki-Richter O, Marin VI, Bond M, Gouverneur F. Systematic review of research on artificial
intelligence applications in higher education—where are the educators? Int J Educ Tech Higher Ed.
2019;16(1):1-27.

Kassahun Y, Yu B, Tibebu AT, Stoyanov D, Giannarou S, Metzen JH, et al. Surgical robotics beyond
enhanced dexterity instrumentation: a survey of machine learning techniques and their role in intelligent and
autonomous surgical actions. Int J Comput Ass Rad Surg. 2016;11(4):553-68.

Doshi R, Falzon D, Thomas BV, Temesgen Z, Sadasivan L, Migliori GB, et al. Tuberculosis control, and
the where and why of artificial intelligence. ERJ Open Res. 2017;3(2).

Esteva A, Kuprel B, Novoa RA, Ko J, Swetter SM, Blau HM, et al. Dermatologist-level classification of
skin cancer with deep neural networks. Nature. 2017;542(7639):115-8.

Malik S, Kanwal N, Asghar MN, Sadig MAA, Karamat I, Fleury M. Data driven approach for eye disease
classification with machine learning. Appl Sci. 2019;9(14):2789.

Siegersma K, Leiner T, Chew D, Appelman Y, Hofstra L, Verjans J. Artificial intelligence in cardiovascular
imaging: state of the art and implications for the imaging cardiologist. Neth Heart J. 2019;27(9):403-13.
Lee JH, Kim DH, Jeong SN, Choi SH. Detection and diagnosis of dental caries using a deep learning-based
convolutional neural network algorithm. J Dent. 2018;77:106-11.

Ariji Y, Fukuda M, Kise Y, Nozawa M, Yanashita Y, Fujita H, et al. Contrast-enhanced computed
tomography image assessment of cervical lymph node metastasis in patients with oral cancer by using a deep
learning system of artificial intelligence. Oral Surg Oral Med Oral Pathol Oral Radiol. 2019;127(5):458-63.
Wei J, Peng M, Li Q, Wang Y. Evaluation of a novel computer color matching system based on the improved
back-propagation neural network model. J Prosthodont. 2018;27(8):775-83.

Bas B, Ozgonenel O, Ozden B, Bekcioglu B, Bulut E, Kurt M. Use of artificial neural network in
differentiation of subgroups of temporomandibular internal derangements: a preliminary study. J Oral Maxil
Surg. 2012;70(1):51-9.

Meskoé B, Hetényi G, Gyorfty Z. Will artificial intelligence solve the human resource crisis in healthcare?
BMC Health Serv Res. 2018;18(1):1-4.

World Health Organization. Ethics and governance of artificial intelligence for health: WHO guidance:
WHO; 2021. Available from: https://www.who.int/publications-detail-redirect/9789240029200

Goh PS, Sandars J. A vision of the use of technology in medical education after the COVID-19 pandemic.
MedEdPublish. 2020;9(49):49.

Saghiri MA, Vakhnovetsky J, Nadershahi N. Scoping review of artificial intelligence and immersive digital
tools in dental education. J Dent Educ. 2022;86(6):736-50.

Brouillette M. Al added to the curriculum for doctors-to-be. Nat Med. 2019;25(12):1808-9.

Wong A, Otles E, Donnelly JP, Krumm A, McCullough J, DeTroyer-Cooley O, et al. External validation of
a widely implemented proprietary sepsis prediction model in hospitalized patients. JAMA Intern Med.
2021;181(8):1065-70.

Thompson HM, Sharma B, Bhalla S, Boley R, McCluskey C, Dligach D, et al. Bias and fairness assessment
of a natural language processing opioid misuse classifier: detection and mitigation of electronic health record
data disadvantages across racial subgroups. J Am Med Inform Assn. 2021;28(11):2393-403.

Ghallab M. Responsible Al: requirements and challenges. Al Perspect. 2019;1(1):1-7.

Burgsteiner H, Kandlhofer M, Steinbauer G, editors. Irobot: Teaching the basics of artificial intelligence in
high schools. Proceedings of the AAAI Conference on Artificial Intelligence; 2016.

Ng DTK, Leung JKL, Chu SKW, Qiao MS. Conceptualizing Al literacy: An exploratory review. Comput
Educ Artif Intell. 2021;2:100041.

Sit C, Srinivasan R, Amlani A, Muthuswamy K, Azam A, Monzon L, et al. Attitudes and perceptions of UK
medical students towards artificial intelligence and radiology: a multicentre survey. Insights Imaging.
2020;11(1):1-6.

57



Aboalshamat et al. Int. J. Pharm. Res. Allied Sci., 2022, 11(4): 52-59

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

Gong B, Nugent JP, Guest W, Parker W, Chang PJ, Khosa F, et al. Influence of artificial intelligence on
Canadian medical students' preference for radiology specialty: ANational survey study. Acad Radiol.
2019;26(4):566-77.

Pinto Dos Santos D, Giese D, Brodehl S, Chon S, Staab W, Kleinert R, et al. Medical students' attitude
towards artificial intelligence: a multicentre survey. Eur Radiol. 2019;29(4):1640-6.

Karaca O, Caligkan SA, Demir K. Medical artificial intelligence readiness scale for medical students
(MAIRS-MS)-development, validity and reliability study. BMC Med Educ. 2021;21(1):1-9.

Dai Y, Chai CS, Lin PY, Jong MSY, Guo Y, Qin J. Promoting students’ well-being by developing their
readiness for the artificial intelligence age. Sustainability. 2020;12(16):6597.

Alami H, Lehoux P, Denis JL, Motulsky A, Petitgand C, Savoldelli M, et al. Organizational readiness for
artificial intelligence in health care: insights for decision-making and practice. J Health Organ Manage. 2020.
Swain S, Muduli K, Kommula VP, Sahoo KK. Innovations in Internet of Medical Things, Artificial
Intelligence, and Readiness of the Healthcare Sector Towards Health 4.0 Adoption. IntJ Soc Ecology Sustain
Dev. 2022;13(1):1-14.

Fetisov DA. Artificial Intelligence readiness in Russian and Swiss-based mechanical and industrial
engineering companies: St. Petersburg University Graduate School of Management. 2017.
Eljasik-Swoboda T, Rathgeber C, Hasenauer R, editors. Assessing Technology Readiness for Artificial
Intelligence and Machine Learning based Innovations. Proceedings of the 8th International Conference on
Data Science, Technology and Applications—DATA,; 2019; Prague, Czech Republic.

Liengpunsakul S. Artificial Intelligence and Sustainable Development in China. Chinese Econ.
2021;54(4):235-48.

Pucchio A, Eisenhauer EA, Moraes FY. Medical students need artificial intelligence and machine learning
training. Nat Biotechnol. 2021;39(3):388-9.

Carin L. On artificial intelligence and deep learning within medical education. Acad Med.
2020;95(11S):510-S1.

Miller DD. The medical Al insurgency: what physicians must know about data to practice with intelligent
machines. NPJ Digital Med. 2019;2(1):1-5.

Khafaji MA, Safhi MA, Albadawi RH, Al-Amoudi SO, Shehata SS, Fadi T. Artificial intelligence in
radiology. Saudi Med J. 2022;43(1):53-60.

Qurashi AA, Alanazi RK, Alhazmi YM, Almohammadi AS, Alsharif WM, Alshamrani KM. Saudi
Radiology Personnel’s Perceptions of Artificial Intelligence Implementation: A Cross-Sectional Study. J
Multidiscipl Healthcare. 2021;14:3225.

Tajaldeen A, Alghamdi S. Evaluation of radiologist’s knowledge about the Artificial Intelligence in
diagnostic radiology: a survey-based study. Acta Radiol Open. 2020;9(7):2058460120945320.

Boillat T, Nawaz FA, Rivas H. Readiness to Embrace Artificial Intelligence Among Medical Doctors and
Students: Questionnaire-Based Study. JIMIR Med Educ. 2022;8(2):e34973.

Yiizbasioglu E. Attitudes and perceptions of dental students towards artificial intelligence. J Dent Educ.
2021;85(1):60-8.

Abouzeid HL, Chaturvedi S, Abdelaziz KM, Alzahrani FA, AlQarni AAS, Algahtani NM. Role of Robotics
and Artificial Intelligence in Oral Health and Preventive Dentistry—Knowledge, Perception and Attitude of
Dentists. Oral Health Prev Dent. 2021;19:353-63.

Powell CK, Hill EG, Clancy DE. The relationship between health literacy and diabetes knowledge and
readiness to take health actions. Diabetes Educ. 2007;33(1):144-51.

Davenport T, Kalakota R. The potential for artificial intelligence in healthcare. Future Healthcare J.
2019;6(2):94.

Jiang F, Jiang Y, zZhi H, Dong Y, Li H, Ma S, et al. Artificial intelligence in healthcare: past, present and
future. Stroke Vasc Neurol. 2017;2(4).

Tian Y, Chen C, Xu X, Wang J, Hou X, Li K, et al. A review of 3D printing in dentistry: Technologies,
affecting factors, and applications. Scanning. 2021;2021.

LinL, Fang Y, Liao Y, Chen G, Gao C, Zhu P. 3D printing and digital processing techniques in dentistry: a
review of literature. Adv Eng Mater. 2019;21(6):1801013.

Javaid M, Haleem A, Kumar L. Current status and applications of 3D scanning in dentistry. Clin Epidemiol
Global Health. 2019;7(2):228-33.

58



Aboalshamat et al. Int. J. Pharm. Res. Allied Sci., 2022, 11(4): 52-59

49,

50.

51.

52.

53.

54.

55.

Elhelbawy NG, Ghouraba RF, Hasaneen FA. A Comparative Evaluation of the Radiopacity of Contemporary
Restorative CAD/CAM Blocks Using Digital Radiography Based on the Impact of Material Composition.
Int J Biomaterials. 2022;2022.

Long D, Magerko B, editors. What is Al literacy? Competencies and design considerations. Proceedings of
the 2020 CHI Conference on Human Factors in Computing Systems; 2020.

Lindgwister AL, Hassanpour S, Lewis PJ, Sin JM. AI-RADS: an artificial intelligence curriculum for
residents. Acad Radiol. 2021;28(12):1810-6.

Bhardwaj D. Artificial Intelligence: Patient Care and Health Professional's Education. J Clin Diagn Res.
2019;13(1).

Rahman R, Al-Borie HM. Strengthening the Saudi Arabian healthcare system: role of vision 2030. Int J
Healthc Manag. 2021;14(4):1483-91.

Chowdhury S, Mok D, Leenen L. Transformation of health care and the new model of care in Saudi Arabia:
Kingdom’s Vision 2030. J Med Life. 2021;14(3):347.

Chikhaoui E, Alajmi A, Larabi-Marie-Sainte S. Artificial Intelligence Applications in Healthcare Sector:
Ethical and Legal Challenges. Emerging Sci J. 2022;6(4):717-38.

59



