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Abstract: With the continuous development of science and technology, the smart classroom supported by 5G+ technology has been
gradually integrated into all aspects of modern education and teaching. Orthopaedics, a discipline with human tissue anatomy as the
cornerstone and clinical surgical operation as the core, therefore, efficient and reliable practical teaching has an important position in the
cultivation process of orthopaedic medical students, and the addition of SG+ smart classroom has promoted the digital transformation of
orthopaedic practical teaching. This paper reviews the relevant latest literature, summarizes and analyzes the latest applications of
orthopaedic practice teaching under 5G+ smart classroom, and puts forward a new outlook on the future development trend.
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1. Introduction

In the training system for clinical doctors, the practical teaching component is crucial for cultivating medical students'
clinical skills and operational abilities. Especially in the field of orthopedics, mastering normal human anatomical
structures and knowing the specific operational norms of orthopedic surgery are key to improving clinical diagnosis and
treatment skills, and realizing the transformation from a medical student to an orthopedic clinician.However, the
traditional practical internship model and teaching system have many problems, such as neglecting student participation
and having a single form of teaching assessment, which affect the improvement of medical students' comprehensive
quality and clinical ability.With the continuous development of information technology, the deep integration of modern
information technology and educational concepts to achieve smart classrooms has become a new choice for medical
practical education.Smart classrooms use the Internet of Things, cloud computing, big data, artificial intelligence and
other means to create intelligent and efficient classrooms, providing a new teaching model and teaching resources for
medical education M. The popularization of 5G technology provides technical support for the upgrading and
transformation of smart classroom technology. Its advantages of high speed, low latency, and large connection promote
the innovation of medical education and teaching ideas and methods.At present, some studies at home and abroad have
begun to explore the application of 5G+ smart classroom technology in orthopedic practice teaching, which plays an
important role in improving orthopedic medical students' understanding of clinical knowledge and mastery of operational
skills 12, This article reviews relevant literature to analyze the application status, digital innovation, and future prospects
optimization of 5G+ smart classrooms in orthopedic clinical practice teaching.

2. Extended Reality (XR) in 5G+ Smart Classroom Context

Surgical simulation training is the foundation for achieving a qualitative breakthrough in surgical techniques.Virtual
Reality (VR), with its characteristics of immersion, interactivity, and low cost, provides an ideal teaching solution for
medical simulation teaching, and also opens up new possibilities for orthopedic clinical teaching.No matter what level
VR develops to, the optimization of human-computer interaction and the practicality of the technology are always the
value of VR in orthopedic practical teaching.Huang Zirong's team built a high-definition arthroscopic platform based on
VR technology, which integrates VR and arthroscopic operation, and is equipped with a high-simulation force feedback
mechanism to accurately simulate real tactile feedback such as resistance, traction and instrument collision during the
surgical process.The system also uses three-dimensional reconstruction technology to accurately present the anatomical
structure of human bones, providing orthopedic surgeons with surgical skills training and improving their mastery of
clinical knowledge in a highly simulated visual environment 1,

Augmented Reality (AR) technology is an interactive visualization technology that combines virtual and real
environments.Tang Zhuodong et al. “ found that compared with traditional teaching methods, the combination of Visible
Body software and AR technology can deepen students' understanding of human anatomical structures, improve
examination scores in clinical theory and clinical skills, and enhance students' interest and thinking ability in exploring
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new knowledge, greatly improving teaching treatment.Foreign scholars Uruthiralingam et al. also pointed out that the
teaching model assisted by augmented reality technology has improved students' self-learning ability, clinical thinking
and efficiency, and the digestion and absorption of knowledge to varying degrees 1,

Mixed Reality (MR) technology is a complex technology based on VR and AR technology. It not only superimposes
virtual objects on the real world, but also anchors them to the world, allowing users to interact with digital content. It can
add virtual images to real-world photos, creating an interactive feedback information loop between the virtual world, the
real world and the user, thereby improving the user's perception of reality %71, For orthopedic teaching, MR significantly
enhances the immersion and interactivity of the surgeon during simulated surgical procedures. With the technical support
of 5G+, students and teachers complete vision sharing and realize real-time immersive guided teaching. Rui et al.[®l
believe that the usability of mixed reality systems is generally high, and its benefits are mainly reflected in the
consistency of teaching content. Although teachers may focus on different topics or make appropriate changes during the
teaching process, standardized MR teaching tools can ensure consistency and stability of each teaching content.

3. Artificial Intelligence in the Context of 5G+ Smart Classrooms

The 5G+ smart classroom utilizes cutting-edge technologies such as artificial intelligence, big data, and cloud computing
to construct a teaching environment that is more efficient, more interactive, and more aligned with personalized needs
191 Traditional medical education methods rely primarily on teachers and textbooks. With the development of Al
technology, the traditional education model has been innovated.By introducing interactive tools such as virtual
laboratories, simulated cases, and virtual patients, students are able to engage in practical operations in a simulated
clinical environment, which not only enhances their practical skills but also improves their clinical reasoning
abilities.Furthermore, the integration of Al technology has brought innovative teaching strategies to the field of medical
education and has had a positive impact on the assessment system of medical education, ultimately achieving a gradual
improvement in the quality and effectiveness of medical education.

Relevant domestic institutions rely on school platforms to integrate artificial intelligence neural network technology into
medical education. This technology evaluates learners 'understanding and mastery of classroom content by analyzing
learners' facial expressions in real time, helping teachers to instantly understand students 'mastery of specific medical
knowledge points. Based on this, teachers can adjust teaching strategies and teaching content in a timely manner to
optimize teaching methods and ultimately learn efficiency and teaching effect. Li Jie and others!® introduced intelligent
robot-assisted technology into the teaching classroom of hip replacement surgery, which enabled students to experience
the surgical process more intuitively, exercised their clinical practical operation capabilities, achieved the integration of
theory and practice, and further deepened Students 'mastery of relevant theoretical knowledge.

4. 3D printing technology in the context of 5G+ smart classroom

The emergence of 3D printing technology has brought a more intuitive and realistic learning experience to orthopedic
clinical teaching, helping students better understand the three-dimensional structure of the human body and the surgical
operation process. The adoption of 3D printing technology + multidisciplinary linkage teaching model achieves the joint
participation of imaging, anatomy, orthopedics, etc., effectively improving the reading ability of orthopedic medical
students. Based on the 3D printed fracture model and combined with simulated teaching methods, we carry out
orthopedic practice teaching to achieve the goal of student-centered and practical clinical teaching, effectively improve
the orthopedic practice teaching effect, and enhance intern learning satisfaction.

With the support of 5G+ smart classroom, in undergraduate orthopedic teaching, through the combination of Mimics
software and 3D printing technology, three-dimensional modeling of diseases and surgical planning are realized. This
method uses a 3D model to simulate the operating environment of orthopedic surgery, focusing on typical cases in
different submajors, and significantly improving the theoretical and practical skills of undergraduate students. Other
related research has also formed a diversified three-dimensional teaching model by designing 3D printing technology in
conjunction with PACS, 3D printing in conjunction with APP terminals, etc., effectively improving the shortcomings and
shortcomings of new teaching methods such as problem-based learning (PBL) and case-based learning (CBL).

5. Interactive classroom in the context of 5G+ smart classroom

With the continuous development of multimedia technology and the "Internet +" model, online learning methods and
resources have become increasingly diverse. Under the background of the end of 5G+ and the combination of smart
classrooms, Internet resources have been integrated into traditional classroom teaching, effectively realizing the
construction of interactive teaching classrooms. Design a hybrid teaching model of "Internet +" combined with "split
classroom™ to achieve an effective combination of offline classroom teaching and online and online autonomous or
assisted learning, effectively improving students ‘autonomous learning ability and the quality of orthopedics teaching. In
addition, some studies have proposed the use of a flipped classroom combined with MOOC teaching model, which can
closely combine the working characteristics of clinical medical students, provide students with simulated clinical work
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scenarios, and "break up knowledge into bits" while giving full play to students 'subjective initiative."Improve classroom
efficiency (14,

Improving the three-dimensional imagination of medical students is the key to clinical practice teaching in orthopedics
(12 Wei Zhouyang %1 and others used the learning model combining digital anatomy and virtual surgical simulation
system in the traditional PBL teaching method to effectively mobilize students 'learning enthusiasm and teaching effect.
3D visualization technology combines 3D image processing technology with visualization, and is a technical means to
realize three-dimensional visualization modeling of orthopedic imaging data *4l. Zeng Weinan 1 and others used the
diversified teaching model of 3D visualization technology to effectively help teachers and students interact in the
classroom on preoperative planning, simulated surgery, postoperative verification and other processes, significantly
improving students 'use of clinical knowledge and teachers' teaching effect.

6. Discussion

Practical teaching in clinical teaching is the link for cultivating orthopedic medical students. However, traditional
clinical teaching models cannot overcome the shortcomings of students such as poor spatial imagination, poor accuracy
of hands-on operations, and poor on-site emergency response. To sum up, this paper applies extended reality technology,
artificial intelligence, 3D printing and interactive teaching models to orthopedic clinical practice teaching from the
perspective of building a smart classroom based on 5G+ communication technology, combining their respective
advantages to break down barriers and complement each other. Together promote innovation in orthopedic clinical
practice teaching reform, bring a new, efficient, personalized and intelligent teaching experience, and realize the
transformation and upgrading of student-oriented medical education.

1.5G+ and smart Classroom: Technical empowerment of orthopedic education

The technology-enabled characteristics of 5G+ technology that are characterized by high bandwidth, low latency,
multiple access, and wide coverage are important infrastructure for the seamless connection of various cutting-edge
technologies in smart classrooms. In orthopedic teaching, complex three-dimensional anatomical structures, refined
surgical operations, and ever-changing clinical decision-making processes have high requirements for the real-time and
stability of data transmission. Any delay in computer-assisted remote surgical guidance may cause serious adverse
consequences. The high-speed, large bandwidth, and low latency characteristics of the 5G+ network can provide stable
and high-speed data transmission services, and ensure the synchronous transmission of high-definition 3D models, real-
time interactive data streams and force feedback signals, allowing students to be immersed in the learning process. This
technology-enabled teaching environment, especially during the COVID-19 epidemic, highlights its huge potential in
maintaining and improving the quality of education, and has prompted a profound reflection of existing models in the
medical education community. Based on the above characteristics, the creation of smart classrooms is actually using
technical means to create conditions for teachers and students to use better teaching resources for teaching and interaction,
and ultimately achieve the goal of improving teaching quality and improving students 'learning effectiveness.

2. Immersive learning: reshaping orthopedic skills training

Extended reality technology is a collective term for virtual reality, augmented reality and mixed reality. It allows
students to gain a stronger sense of presence, repeatedly simulate skills such as opening and closing of incisions and
simulation of surgical steps in a non-invasive environment, and solves the problems of high surgical teaching costs,
difficulty in standardizing aseptic operations and inability to repeat training. Its biggest advantage is that students
'learning curve can be quantitatively evaluated based on objective data. AR and MR technology can present virtual
information on real images, allowing students to see complex three-dimensional anatomical structures more clearly.
Students can "see" the human model and even their own body through AR equipment, and intuitively observe the
adjacent relationship of bones, muscles and nerves and blood vessels. This "what you see is what you get" learning
method is far more profound and efficient than two-dimensional textbooks and maps. The individualized printed fracture
model produced by the combination of 3D printing technology and XR technology assists in AR or MR surgical planning,
etc., and also gradually erases the boundary between virtual and reality, making students 'pre-clinical preparation feel like
they are in the clinic.

3. Intelligence and personalization: Al-driven precise teaching

The application of Al-driven precision teaching artificial intelligence in 5G+ smart classrooms marks the transition
from "experience-driven" to "data-driven™ in orthopedic education. Al algorithms are used to analyze students ‘operation
in VR simulation training., find minor mistakes or bad habits in students' operation, and provide on-site timeliness and
accurate feedback. This makes teaching evaluation no longer rely solely on the subjective judgment of the teaching
teacher, but is supported by objective data. More advanced Al can complete a personalized learning route, automatically
provide the learning content and difficulty level based on students ‘weaknesses and their own technical flaws, and truly
achieve "teaching students in accordance with their aptitude." At the same time, intelligent generative artificial
intelligence has also responded to the demands of current learners: for example, ChatGPT can serve as a companion and
assistant throughout the learning process, asking questions for students, writing case summaries, and communicating with
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doctors and patients. Respond, etc. Intelligent teaching evaluation tools can analyze students 'facial expressions and
interactions in the classroom, helping to improve understanding of students' learning conditions, reduce teachers 'teaching
burden, and free teachers from repetitive knowledge explanations and reviews. Release it, better play a guiding and
inspiring role, and cultivate students' clinical thinking and humanistic literacy.

4. Challenges and limitations

Although 5G+ smart classrooms have great prospects in orthopedic education, it is still difficult to promote and utilize
them in orthopedic education: First, 5G+ network infrastructure construction, high-end XR equipment, 3D printers and
other hardware facilities The cost and production and maintenance of high-quality teaching content are high and many
hospitals and schools cannot afford it; Secondly, it is necessary to find a connection point between teaching and
technology. Advanced equipment alone cannot improve the level of teaching. It is necessary to build on existing courses
and modify or develop some new courses that meet the requirements of the times to open up the gap between teaching
and technology. Barriers, find and teach teachers some new skills; third, ignore the problem of the digital divide, and
different regions and different schools will create greater imbalances in educational resources because they cannot obtain
the same technical resources. A standardized evaluation system for teaching effectiveness has not yet been established,
and there is still a lack of effective scientific and objective evidence on whether the new technology teaching model is
superior to the traditional teaching model. More high-quality randomized controlled experiments are needed to prove it.
At the same time, in the construction of smart classrooms, ethical issues such as data security and student privacy
protection are particularly prominent and cannot be underestimated. Especially the bias and "illusion™ problems in Al
models, they need to be used with caution, constantly reflect and strengthen manual intervention in use.

5. Future prospects

The future development direction should focus on the following points: first, the deep integration and innovation of
technology and textbook content; second, standardized and shared teaching content; and third, evidence-based evaluation
of the effectiveness of textbook quality. First of all, a more integrated and standardized smart teaching platform should be
developed so that various resources such as XR, Al, and 3D models can be freely called and used to improve the reality
of force feedback of VR simulators, so that surgical training can be truly effective. Training. Second, it is necessary to
build a joint construction and sharing alliance of teaching resources across time and space between universities and
universities, and carry out the joint construction of high-quality and high-quality teaching resources by famous schools.
After repeated verification and polishing in different regions, we will form a school-level cooperative consortium
curriculum and case bank., based on relevant standards, reduce cost burdens, share development dividends, and ultimately
achieve educational equity. Third, longitudinal surveys with a large sample size are needed. For different new technology
training methods, continuous follow-up and observation should be conducted on the resident doctors they have trained
and different periods of their entire career to clarify whether the new technology has had a substantial impact and effect
on the patient's final diagnosis and treatment outcome. Finally, with the further improvement of technology, we can
explore the extension of the above tools from teaching use to clinical practice, such as using AR for intraoperative
navigation, using Al to participate in clinical decision-making, etc., and using it as a two-sided process to achieve
"teaching," The integration of learning, research, and application "ultimately builds a long life chain that runs through the
entire careers of medical students, residents, and attending physicians.

7. Conclusion

In short, compared with traditional methods, smart classrooms built using new technologies such as 5G+ enabled XR,
Al, 3D printing and interactive have a deeper and broader grasp of clinical knowledge for students, allowing a hew
generation of doctors to complete contact and learning of complex knowledge and skills in a safer, more efficient and
more intuitive environment. Although this education still has limitations such as high cost, inconsistent technology and
education, uneven distribution of educational resources, and ethical norms, However, with the increase of its development
efforts, it will inevitably have a reforming effect on teaching, achieve better results, improve the learning efficiency of
medical students, strengthen the study of theoretical knowledge while improving practical ability, and strengthen medical
security while ensuring medical quality. Efforts can be intensified through specific measures, including further
strengthening cooperation between schools and schools; strengthening cooperation with industry units to accelerate the
injection of new technologies and new concepts into the education system; improving the technology testing and
evaluation mechanism to ensure that medical students ‘clinical skills and patient medical service levels are implemented
under the promotion of technology.
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