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[Abstract] Artificial intelligence (AI) is a new technical discipline that uses computer technology 
to research and develop the theory, method, technique, and application system for the simulation, 
extension, and expansion of human intelligence. With the assistance of new AI technology, the 
traditional medical environment has changed a lot. For example, a patient’s diagnosis based on 
radiological, pathological, endoscopic, ultrasonographic, and biochemical examinations has 
been effectively promoted with a higher accuracy and a lower human workload. The medical 
treatments during the perioperative period, including the preoperative preparation, surgical period, 
and postoperative recovery period, have been significantly enhanced with better surgical effects. 
In addition, AI technology has also played a crucial role in medical drug production, medical 
management, and medical education, taking them into a new direction. The purpose of this review 
is to introduce the application of AI in medicine and to provide an outlook of future trends.
Key words: artificial intelligence; medicine; application; overview

Artificial intelligence (AI) is a new technical 
discipline that uses computer technology to research 
and develop the theory, method, technique, and 
application system for the simulation, extension, and 
expansion of human intelligence. The conception of AI 
first appeared in 1950 from the scientist Alan Turing, 
who is named as the “father of artificial intelligence”; 
he developed the “Turing test” and described AI as 
similar to but more complex than the human brain[1, 2]. 

With the development of AI in recent years, 
especially the appearance of deep learning (a branch of 
computer learning algorithms and the core composition 
of a new generation of AI technology, which can 
automatically learn from big-data-analysis and then 
artificially and independently make decisions upon the 
knowledge, including various neural networks such as 
the deep belief network, convolutional neural network, 
long- and short-term memory network, etc.), there has 
been a surge of interest regarding this new technical 
discipline and the promotion of a series of artificial 
intelligent systems in practical applications, like the 
Internist-1 system[3], MYCIN system[4], CASNET 
system[5], and also some databases and record systems[6]. 
Now AI is widely applied to multiple fields and plays a 

significant role in technical improvements, thus leading 
to a new conception: Artificial Intelligence plus (AI 
plus). AI plus takes advantage of the achievements and 
technology of AI and combines them with traditional 
industries to create new productivity, innovation, 
and development. AI research has demonstrated that 
the output-input ratio in medicine is more promising 
than that of other fields[7]. The combination of AI and 
medicine (AI plus medicine) changes the traditional 
medical model and makes a revolutionary promotion. 
AI plus medicine has also attracted much attention due 
to its potential prospects and future. Therefore, this 
paper aims to review the latest applications of AI plus 
medicine in recent years.

1 AI IN MEDICAL DIAGNOSIS

When a clinician diagnoses a patient with a certain 
illness/condition with the assistance of AI, the time 
required for a diagnosis can be greatly reduced and the 
diagnostic efficiency can be significantly improved. 
By analyzing the clinical data from radiology (like 
X-ray, CT, and MRI), pathological, endoscopic, 
ultrasonographic, and biochemical examinations for 
related human body indicators, AI can output results 
quickly and change the ineffective traditional medical 
model, which is unable to give timely and accurate 
conclusions, especially for complicated diagnoses. In 
addition, as AI can solve problems in such a short time, 
doctors can make a more deliberate and reasonable 
treatment plan according to the patient’s condition.
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1.1 AI in Radiology 
As a scientific and intuitive basis for medical 

diagnosis, radiology is presently involved in the 
diagnostic process of almost all diseases. The demand 
for a radiological diagnosis is increasing at a high rate 
per year; however, the cultivation of medical talent 
cannot be achieved overnight and the number of 
medical doctors with radiation medicine experience is 
increasing slowly. As the gap between the supply and 
demand of medical doctors in this field is constantly 
increasing, high occupation pressure and misdiagnosis 
rates are observed. Therefore, it is of great practical 
significance to find other ways such as AI to temper the 
urgent situation. In radiological diagnosis, numerous 
applications of AI have appeared in recent years. For 
example, during AI deep learning research, Francesco 
found a new algorithm with a high sensitivity for 
the early screening, rapid diagnosis, and grading of 
retinal diseases[8], which also has been confirmed in 
other research[9, 10]. In addition, Gong[11] invented an 
AI-aided diagnostic (CADx) system based on clinical 
CT data to classify malignant and benign lung nodules 
by analyzing 243 patients with confirmed pulmonary 
nodules; he demonstrated the feasibility of the CADx 
system for accurately distinguishing the nature of lung 
nodules and the practicability of the system for early 
and subtle lung cancer diagnosis. Moreover, his team 
combined the quantitative imaging (QI) features (AI 
technology) and serum biomarkers of 173 patients 
with pulmonary nodules with the system to improve 
its performance of pulmonary nodule classification and 
finally got an optimistic result, which demonstrated a 
better CADx system performance by using QI features 
than only using the serum biomarkers[12]. There is also 
a study for the effectiveness between clinical doctors 
and AI by Rodriguez-Ruiz[13], who compared the 
stand-alone performance of an AI system to that of 
radiologists in breast cancer diagnosis by X-ray; based 
on 2652 exams overall, the performance of the AI 
system was statistically not inferior to that of clinical 
radiologists, meaning that the AI system in this study 
reached an accuracy equal to that of clinical radiologists 
with expertise in breast cancer diagnosis. Similarly, 
breast cancer screening augmented with intelligent 
technology defeated clinical radiologists, showing a 
lower misdiagnosis rate and a workload decrease of 
88%[14]; additionally, the automatic preselect function 
significantly reduced the pressures on clinicians[15]. 
Furthermore, in MRI data analysis, an AI algorithm 
also has been shown to be superior to that of human 
observers, immensely improving the positive rate of 
subtle inflammatory detection in early rheumatoid 
arthritis[16].
1.2 AI in Pathology

Pathology is the footstone of the diagnosis of 
tumors and other lesions. With the development of 

pathological scanning techniques and the upgrade of 
related software, whole-slide imaging technology has 
become a routine diagnostic method in pathological 
work. However, there are still problems about how 
to automatically and rapidly analyze and obtain an 
accurate diagnosis from the convenient pathological 
images, thus demanding a prompt solution. Some 
scholars have pointed out that “AI is the next step and 
future of precision pathology” and have proposed a 
new blueprint[17–21]. As a means to predict a diagnosis, 
the application of AI in pathology has shown 
bright prospects. During the analytical work, with 
augmentation of the AI algorithm, the processes of 
pathological image segmentation, tumor identification, 
and metastasis determination have been promoted, and 
the work is finished in a higher quality and a shorter 
period[22]. In addition, research has shown that even in 
some cases, the AI algorithm outperforms professional 
clinical pathologists for diagnosis based on 
pathological images[23]. For example, Hart has utilized 
the convolutional neural network to distinguish Spitz 
and conventional melanocytic lesions, two different 
pathological types, and the results show an extremely 
high accuracy[24]. Kosaraju also has proposed an 
innovative multi-task model using AI deep learning 
that can simultaneously take multi-scale patch images 
for pathological image analysis. After assessing the 
pathological images of well-, moderately, and poorly 
differentiated gastric cancer, the efficient and accurate 
performance of the new model outperformed other 
contemporary AI methods[25]. Moreover, Coudray 
confirmed that the deep learning model could predict 
six genetic mutations associated with cancer and assist 
doctors to detect the subtype and gene mutation in cancer 
diagnosis, with a high accuracy of 97%; the model 
code is published online[26]. Furthermore, AI has been 
used in the diagnosis of epithelial tumors, lung cancer, 
basal cell carcinoma, and glomerulosclerosis[27–31]. 
These developments emphasize the practicability of AI 
technology applied in pathology. 
1.3 AI in Endoscopy

As for AI in endoscopy, with AI technology 
augmentation, there have been great advances in 
endoscopy detection that have changed the traditional 
model and improved the efficiency. According to 
some experts, AI technology can effectively promote 
the detection of lesions, colorectal polyps, as well as 
gastric and esophageal cancer using endoscopy[32]. 
Gulat and Emmanuel have pointed out that endoscopy 
is an attractive technology for AI augmentation with 
immense potential; after deep learning, the AI system 
can significantly enhance the diagnosis of stomach 
and intestinal diseases, including Barrett’s esophagus, 
squamous carcinoma, and gastric cancer, by shortening 
the detection time and improving the diagnostic 
accuracy[33]. In addition, some scholars have collected 
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7556 clinical images by endoscopy and then analyzed 
them by AI technology to provide a practical neural 
network algorithm to automatically detect bowel 
lesions; the results showed that endoscopy combined 
with the new AI algorithm had a higher sensitivity and 
more accurate localization of the bowel lesions than with 
the traditional model[34]. With more and more research 
confirming the feasibility of AI plus endoscopy in the 
diagnosis and classification of various diseases[35–37], 
there is obviously a future for this new technology. 
1.4 AI in Ultrasonography and Biochemical Exa-
minations

Similar to above, the application of AI technology 
also raises the level of diagnosis using ultrasonography 
and biochemical tests. Although image-based computer-
aided diagnosis (CAD) systems have already been 
applied by doctors to diagnosis through ultrasound, the 
performance is largely dependent on the detection and 
classification methods. Combined with AI technology, 
methods have changed a lot. For example, Nguyen 
has proposed a new ultrasonographic image analysis 
method based on AI that successfully enhanced the 
consequence of thyroid nodule classification[38]. Other 
scholars have also confirmed that the use of AI can 
promote the traditional ultrasonographic detection of 
tumors in the thyroid, breast, bronchia, puborectalis 
muscle, and urogenital hiatus as well as other obstetric 
and gynecological lesions, with a high efficiency and 
accuracy[39–44]. 

What’s more, after a comprehensive learning 
analysis of clinical examination data, based on 
the model of big-data analysis, AI has also made 
significant progress in clinical disease diagnosis. By 
utilizing deep sequencing to analyze genes that are 
recurrently mutated in acute myeloid leukemia (AML) 
and large electronic health record database analysis, 
Abelson has developed an AML predictive system 
contributing to earlier detection and monitoring[45]. 
In addition, Sun successfully predicted the radiomic 
signature and clinical outcomes in anti-PD-1/PD-
L1 immunotherapy by analyzing the CT images and 
RNA sequencing data from patients with malignant 
tumors using an AI algorithm[46]. By analyzing the 
gene and related clinical features, AI also facilitates the 
diagnosis of Noonan syndrome, a common autosomal 
disorder, especially for atypical patients[47]. Moreover, 
by applying AI deep learning to set up a combined 
model of multiple clinical tests like lung function test, 
bronchial experiments, and some biochemical tests 
from 556 patients, the prediction and diagnosis of 
initial asthma were remarkably promoted[48]. 

However, there are also scholars who hold 
the opposite opinion that AI has a place in clinical 
diagnosis, but the real influence of it may occur 
gradually over a long period and will not replace 
clinicians in the short term[49]. Overall, at the current 

stage, AI plus diagnosis has been the general trend 
and will continue to flourish.

2 AI IN MEDICAL TREATMENT

2.1 AI in Surgery 
In the surgical field, the most outstanding 

achievement and application of AI could not be without 
the surgical AI system. About 20 years ago, PUMA-
560, Probot, AESOP, Robodoc, and Acrobot[50–52] 

played an favorable auxiliary role in surgery. But 
in the early phase, all of the surgical systems could 
not operate without human control, meaning that the 
systems were just another kind of unintelligent scalpel 
that was more flexible. 

With the development of AI technology, the 
conception of an AI plus surgical system had been raised. 
In the contemporary era, the most groundbreaking 
production of this conception is the Da Vinci surgical 
AI system. As a great invention unprecedented in 
human history, the emergence of the Da Vinci surgical 
system makes surgical treatment more minimally 
invasive, with the advantages of a clearer image, more 
accurate and convenient operation, and even remote 
operation. This creative invention allows complex 
surgical operations to be performed through minimally 
invasive methods that have been difficult in the past. 
There are three components in the Da Vinci surgical 
AI system: surgeon console, manipulator operating 
system, and imaging system. In 2000, the U.S. Food 
and Drug Administration approved the application of 
the Da Vinci surgical system in clinical surgery. This AI 
system revolutionized the traditional surgical model. 
For example, with the application of the Da Vinci 
surgical AI system, thyroid surgery was improved 
in terms of the postoperative cosmesis and voice 
outcomes[53], maxillary surgery was improved in terms 
of the accuracy and safety[54], gastric, nephritic, and 
prostatic surgery was improved as shown by the high 
surgical success rate but low complication rate[55–57], 
and lung cancer surgery was beneficial to the patients 
in terms of the postoperative recovery[58]. Except for 
the above points of surgical operation enhancement, 
compared to traditional surgical systems, the most 
outstanding characteristic of AI surgical systems 
particularly lies in “AI”, meaning that the surgical 
systems progressed from a nonintelligent form to an 
intelligent form. Profited by the algorithms like deep 
learning of AI technology, the histological diagnosis in 
vivo and in situ during surgery stands on the stage of 
pathology, making efficient incisal edge pathological 
analysis and real-time tissue biopsy a reality[59]. By 
using deep learning, the AI algorithm can also self-
deduct based on the abundant experiments from 
clinical surgeons and reconstruct clinical digitized data 
by uploading the surgical program to an AI surgical 
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system to assist the surgery intelligently, including 
surgical excision range formulation, postoperative 
organ residual volume insurance, and prediction of 
lymph nodes with possibly positive metastasis[60]. 
The surgical planning and methods not only rely on 
surgeons, but they also depend on the program using 
the intelligent algorithm[61]. Of course, in the current 
stage, although AI surgical systems have achieved 
partial intelligence, they also need human supervision 
to a certain extent. However, this point will be further 
developed and be a hotspot with a bright future, and 
one day whole intelligence will be realized.
2.2 AI in the Perioperative Period

The perioperative period is the period around 
the whole operation, from the patient receiving 
surgical treatment to a basic recovery; it includes 
three parts: preoperative preparation, surgical period, 
and postoperative recovery period. During the whole 
process of the perioperative period, there are also lots of 
achievements with the application of AI technologies.
2.2.1 Three-dimensional Printing (3DP)      3DP is a 
technology that partly employs AI technology during its 
processes. It is one type of rapid prototyping technology 
that uses powdered metal or other adhesive biomaterials 
to construct objects by layer-by-layer printing based on 
digital model files (created from CT or MRI data with 
AI technology). The clinical imaging data are imported 
into intelligent software like MIMICS. After artificially 
selecting the regions of interest by the operator, the 
software can conveniently output a primary virtual 
three-dimensional reconstruction by algorithm analysis 
for printing. Although further processing by humans 
may be necessary at the current stage, we believe that 
one day it will achieve whole intelligence. Once the 
technology was applied in medicine, it vastly promoted 
the development of medicine, especially in surgery. 
For example, during the preoperative preparation, in 
the face of some complex visceral injuries or bone 
fractures, it is difficult for clinical surgeons to recognize 
the key point by traditional detections in emergency 
circumstances. However, combined with the initial 
stage of 3DP technology–Model Printing, doctors can 
hold the 1:1 real model of the injured part reestablished 
from the actual CT scanning data, get more visual and 
intuitive information, make more detailed preoperative 
plans, and even practice a simulated surgery on the 
model in advance[62]. Scholars have indicated that 
in cardiac and vascular surgery, 3DP technology 
provides a characteristic patient-specific model that 
recognizes complex anatomy and is helpful for injury 
orientation, plan-making, and communication with 
patients[63]. In addition, much research has shown that 
3DP plays a vital role in the preoperative preparation 
for dental surgery, orthopedic surgery, spine surgery, 
urological surgery, and some tumor surgeries, from 
strengthening preoperative planning to enhancing the 

operator’s confidence for the surgery[64–67]. Not only 
in the preoperative preparation but also during the 
surgical period, 3DP still plays a crucial role in its next 
stage–Surgical Guide. In a surgical operation, there are 
always some demands of internal fixation and cutting 
for orthotics or tumor excision, so problems may arise, 
such as how to determine the appropriate angle and 
location of fixation for maximum effectiveness, and 
where the cutting edge should be to retain more normal 
tissue as far as possible. Through the preoperative 
detection data, 3DP can produce an individualized 
surgical guide and a template for assisting the surgery. 
With 3DP template navigation in spine surgery, pedicle 
screw insertion received a safety enhancement and 
was much easier than traditional methods; meanwhile, 
the risk of surrounding neurovascular damage was 
effectively reduced, and the radiation exposure was 
also decreased[68, 69]. Moreover, applications of 3DP 
template navigation in osteotomy surgeries for tibial 
deformities and for total knee arthroplasty have been 
reported; compared with conventional methods, the 
operation time and efficiency were significantly 
improved with 3DP technology[70–72]. As for tumor 
excision, 3DP technology helps to precisely locate 
and confirm the cutting edge in bone tumor surgery, 
providing a satisfactory postoperative result[73] and also 
reducing the risk of critical structure injury and saving 
more normal tissues[74]. What’s more, the newest 
stage of 3DP technology–Body Implant, magically 
accomplishes the reconstruction of human tissue 
with bioactive materials including scaffold materials, 
functional cells, and active factors. After printing and 
sterilization, the implant can be applied during surgery 
to replace the injured and defective human tissue due 
to various reasons. For instance, the application of 
polymers, bioceramics, and composites as bioinks that 
print personalized bone scaffolds have been shown to 
enhance the surgical effect and patient satisfaction; 
among those receiving large mandibular defect 
reconstruction surgery, the defective tissue was fully 
repaired through 3DP technology[75]. In orthopedic 
surgery, combined with the mirror-replication 
technique, 3DP technology also brings hope to the 
intractable challenge of cranial defects and limb bone 
defects, which used to rely on bone transplantation 
(a surgery with lots of complications) to reestablish 
bone using traditional surgical methods[76–78]. Similarly, 
3DP substitution also has been widely applied in the 
fields of neurodegenerative disease, skeletal muscle 
reestablishment, arthroplasty, aortic valve replacement, 
and pelvic diseases in urology and gynecology[79–83]. 
Furthermore, in the near future, 3DP technology will 
accomplish the goal of printing whole functional-living 
organs, for the next stage–Organ Bioengineering[84].
2.2.2 Virtual Reality, Augmented Reality, and Mixed 
Reality     Virtual reality (VR), augmented reality (AR), 
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and mixed reality (MR) technologies are new types of 
digital holographic image technologies that are similar 
to 3DP in that they partly employ AI technology 
to reconstruct clinical data during their processes. 
VR is a pure virtual digital image generated by an 
intelligent computer algorithm that can provide some 
opportunities for surgeons to practice using a virtual 
system, without any serious consequences of operation 
failure, thus improving their surgical abilities[85, 86]. 
However, due to the lack of real-world experience, 
VR cannot be applied in real surgery[87]. AR is a 
composition of intelligent augmented information and 
the real environment, and, in general, it is different from 
VR according to its specialty in the real world. After 
conversion of patient data and virtual reestablishment 
of the critical area, with the addition of the virtual 
image to the real visual world, AR technology can 
validly assist surgery preoperatively or intraoperatively 
by recognizing the complex anatomical structures and 
navigation during the operation[88, 89]. However, due 
to unwieldy equipment for AR navigation systems, 
there are still limitations during surgery[90]. With the 
appearance of the newest digital holographic imaging 
technology MR, the combination of VR and MR breaks 
the boundary between virtuality and reality, effectively 
solving the problem. There are three features in MR: 
closed combination among virtuality and reality, real-
time interaction, and precise matching[91]. In the MR 
system, which is comprised of comparably portable 
equipment (e.g., a wearable MR device, the Hololens, 
and the latest Microsoft technological production[92]), 
a real-time interactive location, and vivid visual 
experiences, the clinical surgeon can immerse 
themselves in the mixed surgical world and formulate 
a better therapeutic schedule; in addition, the doctor-
patient communication is improved[93]. Due to these 
advantages, this new technology has of course been 
applied in a variety of fields, such as spine, orthopedic, 
liver, kidney, and skull surgeries, for intraoperative 
guidance assistance, thus shortening the operation time 
and promoting the accuracy and safety of surgery[94–98]. 
Additionally, MR has even met the requirements of 
telemedicine, which is essential for health care in rural 
and remote areas, as information can be shared in real 
time using online chatting platforms[99]. Compared with 
the 3DP technology mentioned above, except the more 
accurate navigation, MR still has some advantages in 
timeliness due to the fact that 3DP production may 
take several hours for printing[90]. What’s more, MR 
technology also can be used to assist with postoperative 
rehabilitation and routine training[100, 101].
2.2.3 Anesthesiology Assistance     AI technology 
also has been widely applied in anesthesiology during 
the perioperative period. Anesthesia is an important 
part of the surgical procedure that helps provide a 
smooth operation; however, there are lots of risks and 

complications during anesthesia. Combined with the 
application of AI technology, six aspects have been 
mostly promoted and have received extensive attention: 
(1) anesthesia depth monitoring; (2) anesthesia control; 
(3) adverse event prediction; (4) ultrasound assistance; 
(5) pain control; and (6) operating room management[102]. 
AI technology increases the safety of monitoring, 
delivery, and postoperative management, thus bringing 
promising developments for anesthesiology[103, 104].
2.2.4 Rehabilitation Assistance     In the field of 
postoperative rehabilitation, AI technology also 
plays a crucial role in the process of recovery. 
For instance, in the intensive care unit (ICU), the 
application of AI wireless sensors can effectively 
collect patient information, reduce false alarms, and 
relieve challenges in the ICU[105]. With the gradual 
diversification of AI technology, there have been many 
new tools (monitoring and remote management) in 
the field of nursing[106]. The AI-based medical devices 
can be helpful during patient recovery, meeting the 
requirements of rehabilitation and expediting the 
proceedings[107]. In addition, the application of AI robots 
also has accelerated limb rehabilitation in complex 
anthropopathic action guidance and helped patients to 
obtain a better degree of recovery[108, 109]. What’s more, 
AI technology also has been used to track progression 
and to monitor health, which may be beneficial for the 
management of discharged patients[110, 111].

3 AI IN DRUG PRODUCTION

In the traditional model, the production of drugs 
requires a long period, including functional target 
studies, drug ingredient design studies, performance 
tests, clinical trials, testing, and promotion; thus, 
even after a long period of research, new drugs may 
not necessarily work as well as expected. However, 
with the development of AI in recent years, the new 
technology has changed the traditional drug industry 
in healthcare and has facilitated new drug discovery 
and assembly[112, 113]. Moreover, following the gradual 
maturity of AI-generation drugs, both the novelty 
and quality of drugs have reached new heights[114]. 
For instance, the combination of AI prediction 
models and vaccine design has efficiently accelerated 
clinical trial processes and cut down the research and 
development costs and time period[115]. Deep learning 
technology-guided drug discovery can target proteins 
as designed, which would once be impossible to 
achieve[116]. Benefited by the strong logical deduction 
and automatic learning abilities of AI technology, the 
design and production of cancer drugs were profoundly 
optimized with a better therapeutic performance[117]. 
Additionally, the research of AI-assisted bioinformatics 
tools and methods also has provided a bright future 
for small molecule drug therapy[118]. What’s more, the 
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3DP technology mentioned above also has brought 
enormous development in drug production. 3DP 
in drug production possesses patient-customized 
characteristics as well as accomplishes the selection 
of drug size, shape, and combination of different 
pharmaceutical ingredients, which may be more 
convenient for clinical applications[119]. Through 3DP 
technology, even the layers and percentage parameters 
in tablet coating, therapeutic release rates and patterns 
can also be predesigned, thus providing better curative 
effects[120, 121].

4 AI IN MEDICAL MANAGEMENT AND EDU-
CATION

In the traditional model, the medical management 
in hospital relies on the overall planning of the hospital 
administrative department, and there always are some 
management omissions and disadvantages like the 
unreasonable distribution of medical resources. With 
AI technology regulation, procedures have changed 
quite a bit. Some scholars have used the long-short-
term memory neural network AI technology to build a 
prediction model and to analyze the database of patient 
hospital-stay time, successfully accomplishing the 
prediction of accurate waiting times in the emergency 
department of their hospital, which effectively enhanced 
the medical efficiency and patients’ subjective experience 
and promoted medical resource redistribution[122]. 
Furthermore, research that analyzed the data of patient 
hospital-stay time, the route to hospital, as well as 
climatic and temporal elements with 10 AI algorithms 
was used to reduce the average hospitalization time by 
7%, select the optimum number of hospital beds, and 
optimize hospital resources and required inputs[123].

In addition, a real-time-prediction model based on 
artificial neuron networks comparatively and accurately 
predicted the readmission rate, thus helping to make 
preparations for patients and improving hospital 
management[124]. In short, AI technology has facilitated 
patient counseling, hospital management, medical 
resource allocation, and ultimately individualized 
clinical care[125].

The education of medical students is the future 
and hope in medical developments; however, due 
to the massive and intricate professional knowledge 
required, the training period of medical students is long 
and difficult. The development of medical students 
will be hindered if they only study medical books 
and specimens. With the diversified application of AI 
technology, the learning pattern of medical students 
has been richer and more colorful. AI-based problem-
based learning has improved student’s learning and 
understanding, thus enhancing their knowledge of 
clinical diseases[126]. The combination of studying 
surgery with an AI system also has provided promising 

results with better performance and confidence of the 
medical students[127]. Moreover, the AI simulation-
based surgical training system that combines AI and 
simulation together for studying surgical techniques has 
created a new educational tool with objective feedback, 
which is beneficial for student learning[128]. Not only 
for assistance with learning but also for supervising, AI 
technology had availed the monitoring of mental health 
and study performance of students, thus enabling 
universities to know the conditions of their students in 
a timelier fashion[129]. What’s more, the 3DP and MR 
technology mentioned above can also provide medical 
students with more vivid learning opportunities, which 
are unavailable in conventional textbook reading. 
With the assistance of intelligent algorithms, three-
dimensional reconstruction is different from two-
dimensional books; therefore, students can utilize the 
3DP medical model for studying three-dimensional 
anatomical structures and even practice operations 
on the model to improve their surgical skills[130, 131]. 
Furthermore, the MR technology can also help students  
understand the human anatomy in a more intuitive 
manner with any size or layer that they control, thus 
providing simulative surgery training with no risks[132]. 
Currently, 3DP or MR-based assistance methods have 
been widely applied in medical education.

5 AI IN CORONAVIRUS RESEARCH

At the end of 2019, the new coronavirus disease 
2019 (COVID-19) outbreak brought threats to the world. 
Human health, safety, human civilization development, 
and the global economy were severely affected, and 
countless people died in the global disaster. Fortunately, 
huge achievements in the prophylaxis and treatment of 
COVID-19 were made by relying on several advanced 
medical methods and highly developed technologies, 
including AI technology. In the race to control the 
spread of COVID-19, AI was used to work as human 
intelligence in order to address the following: early 
detection and diagnosis, treatment monitoring, contact 
tracing, prediction of cases and mortality, development 
of drugs and vaccines, medical workload reduction, 
and disease prevention[133]. During the fight against 
COVID-19, due to the fact that the quantification and 
localization of pulmonary lung CT data cannot be 
accurately and efficiently evaluated, Zhang developed 
a new system based on deep learning to analyze the CT 
data of patients and concluded that the right lower lobe 
of the lung is the high occurrence area of COVID-19 
pneumonia[134]. In addition, Aikaterini applied an 
AI machine learning algorithm in the analysis of 
COVID-19 CT scans, and their findings indicated 
that the algorithm could promote earlier detection and 
medical care[135]. Moreover, Tivani proposed point-
of-care diagnostic services that blended radiology, 
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pathology, and artificial intelligence all together, further 
assisting the diagnosis of COVID-19[136]. Additionally, 
Sweta performed a quick intelligent screening for 
potential drugs to treat COVID-19 with a drug-
repositioning method; this group was able to quickly 
detect drugs that may be useful by using both AI- and 
pharmacology-based methods, thus demonstrating 
that this method could be helpful for COVID-19 
drug design and research[137]. This method also has 
been confirmed by other scholars, who established a 
platform based on AI learning and prediction models to 
identify the drugs on the market with a possibility for 
treating COVID-19; as a result, they found more than 
80 drugs with great potential[138]. Furthermore, there 
has been much research on AI algorithm assistance, 
which pushed the quick development of COVID-19 
vaccines[139–141].

In general, with suitable AI-based technology, the 
process of early warning, diagnosis, drug research, and 
medical control during the fight against COVID-19 
will be effectively guaranteed[142], and the pandemic 
will be overcome in the near future.

6 FUTURE OF AI 

AI technology is a high-tech production that 
adapts to the development of the contemporary era; 
therefore, it is the inevitable result of the advancement 
of science and technology and follows the trend of 
time. There have been two industrial revolutions 
in human society, steam revolution and electrical 
revolution, which both profoundly changed the way 
of human life and promoted human civilization. Now 
the scientific and technical revolution, including AI 
technology, has already shown an irresistible trend that 
has grown vigorously like a raging fire. In the medical 
field, with the assistance of new AI technologies, the 
traditional medical environment has changed a lot, 
and patient diagnosis using radiological, pathological, 
endoscopic, ultrasonographic, and biochemical 
examinations were effectively promoted with a higher 
accuracy and a lower human workload. The medical 
treatments during the perioperative period, including 
the preoperative preparation, surgical period, and 
postoperative recovery period, were significantly 
enhanced with better surgical effects. In addition, AI 
technology also has played a crucial role in medical 
drug production, medical management, and medical 
education, taking them into a new direction. The future 
of AI has come, and we believe that the new revolution 
will be swift like the wind and bring our medical field 
into an unprecedented new era.
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