


Evaluation of holographic imaging for improving residents training skills

Abstract

Background: Hologram technology can provide students with three-dimensional anatomical images, helping them better understand and master complex anatomical structures, which is especially important for skill operation training. By simulating surgical scenarios, holographic imaging technology can also allow students to perform practical operations in a virtual environment, improving their surgical skills and ability to respond to emergencies.
Objective: The present study explores holographic imaging technology to improve the quality of urology residents.
Method: A total of 60 residents who participated in the Department of Urology of the 1stAffiliated Hospital of Hebei University from January 2023 to January 2024 were selected as the research subjects. They were randomly divided into an observation group and a control group, with 30 students in each group. The observation group adopted the teaching mode supported by holographic image technology, and the control group adopted the traditional teaching mode. By comparing the theoretical performance, skill performance, and teaching satisfaction of the two groups of residents, the application effect of holographic imaging technology in urological surgery residency training was evaluated. 
Results: The theoretical and technical scores of the observation group were (85.23±4.98) and (89.14±5.72), respectively, while the theoretical and technical scores of the control group were (78.31±5.24) and (83.56±5.53), respectively. The theoretical and technical scores of the observation group were higher than those of the control group, and the differences were statistically significant (all P<0.05). The satisfaction score and total satisfaction score of the observation group were higher than those of the control group in terms of stimulating residents' enthusiasm for learning, improving learning efficiency, providing vivid and interesting content, deepening understanding of urinary system surgical processes, and improving urinary imaging learning, and the difference was statistically significant (all P<0.05).
Conclusion: The teaching mode supported by hologram imaging technology has high application value in urology residency training, which can significantly improve the theoretical performance and skill level of residents and improve teaching satisfaction.
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Introduction
With the advent of newer technology and evolution of artificial intelligence, we can improve our expertise and decrease the errors in various medical fields. A hologram provides a non-contact three-dimensional (3D) image that can be seen with the naked eye. These 3D images provide details of the human anatomy and activity of an internal organ of the body in high resolution (Thivagar, 2023). Traditional surgical teaching often relies on two-dimensional images and models, which makes it difficult for students to form intuitive spatial concepts. Standardized residency training (referred to as residential training) in surgery (urology) is unique and challenging compared with other surgical specialities. Residents need to face the complex anatomical structure of the urinary system, the pathophysiological mechanisms of various diseases, and the delicate surgical operations that are not easy to master, and these complex contents require residents to have a high degree of concentration and spatial imagination, which is difficult to learn. Hologram refers to an image thatiscreatedwhen the lightreflectsuponmeetinganobject. Thus, it can be seen or obtained with the help of dense air like mist. A hologram is a permanent record of light, which is encapsulated in a three‑dimensional object like glass or mirror. Hologram consist of two beams; a reference and an object beam which are diverted with the help of a half mirror and then the light converges, forming a hologram using two full mirrors. This technique is used to perform imaging of multidimensional objects. Holography uses hardware, software and more exotic types of programming to create hologram image (Haleem et al., 2020; Li et al., 2025). Hologram imaging technology is a three-dimensional imaging technology based on optical principles, which interacts with the real world by reconstructing two-dimensional medical images into three-dimensional virtual models with more information, combined with mixed reality devices. As an emerging medical imaging technology, hologram imaging technology has brought revolutionary changes to clinical diagnosis, surgical planning, and medical education [1-2]. This technology can be fused and matched with intraoperative images, guiding doctors to complete the operation in real time, improving the accuracy and safety of the operation. In terms of teaching, holographic imaging technology also plays an important role. Hologram technology can provide students with three-dimensional anatomical images, helping them better understand and master complex anatomical structures, which is especially important for skill operation training. By simulating surgical scenarios, holographic imaging technology can also allow students to perform practical operations in a virtual environment, improving their surgical skills and ability to respond to emergencies. The purpose of this study was to enhance the ability of the urology residency utilizing Hologram imaging technology.
1 Subjects and methods 
1.1 Subjects: A total of 60 residents from the Department of Urology of the 1stAffiliated Hospital of Hebei University from January 2023 to January 2024 were selected as the research subjects. Inclusion criteria: (1) Understand the content of the study and agree to participate in the study; (2)
1.2 Participate in this study during the urology training period, with continuous training time ≥ 2 months; (3) Have not participated in holographic imaging technology-related teaching before; (4) A deputy chief physician who has been engaged in urology residency training for a long time will serve as the supervising physician and complete all training work. Exclusion criteria: Those who took leave or missed classes due to personal reasons during the training process. The residents were divided into an observation group and control group according to the random number table method, with 30 patients in each group. In the control group, there were 19 males and 11 females, aged (23.80±1.24) years, and the urological test scores were (86.25±7.96) at the time of admission. There were 20 males and 10 females in the observation group, aged (23.76±1.16) years old, and the urological test scores were (86.32±7.48) at the time of admission. There was no significant difference in gender, age, and urological test scores between the two groups (all P>0.05).
See the table below.
	Group
	Age
    (age,x±s)
	Gender[People (%)]
Male      Female

	Entrance Exam Score
         (mean, x±s)

	Control group
Observation group
	23.80±1.24
23.76±1.16
	19（63.33）11（36.67）
20（66.67） 10（33.33）
	86.25±7.96
86.32±7.48

	t/χ² value
P-value
	0.129
0.898
	0.073
0.787
	-0.035
0.972



Table 1 Comparison of General Information and Department Admission Scores of Resident Physicians in Two Groups
1.2 Methods 
1.2.1 Control Group The traditional teaching mode was used, employing lecture-based teaching with slides, case discussions, teaching rounds, surgical video instruction, and operational skills training. The learning content strictly followed the requirements of the surgical (urology direction) training syllabus, covering theoretical knowledge and practical skills in the field of urology [3].
[bookmark: _GoBack]1.2.2The teaching content of the observation group is based on the control group, using the hologram system to assist the teaching. The physician was instructed to obtain the original DICOM data of the patient's CT and import it into the 3D medical imaging workstation for segmentation and reconstruction. The purpose of this step is to generate a 3D mesh model (STL file) from the original 2D image data. All reconstructed STL files are fed into the scene editing module inside the workstation for material setting. Including color assignment, transparency presets, etc., to get better visuals in subsequent hologram presentations. The edited model is then output in a specific format through the mixed reality image system to obtain holographic image data. Finally, through mixed reality holographic image presentation technology, the digital information hologram is projected into the real physical environment, and an intuitive and three-dimensional image experience is obtained. Instruct physicians to use holographic projection equipment or mixed reality glasses to lead residents to learn and understand relevant urological knowledge and skills. Through the holographic display, residents can intuitively observe the three-dimensional model, virtual surgical scene, real-time operation of surgical instruments, so as to gain a deeper understanding of the core knowledge of urology, such as the surgical process, anatomical structure, pathological changes, the choice of surgical method, the prevention strategy of postoperative complications, and the key points and basic principles of manual operation. In addition, the supervising physician can also use the functions of the hologram system according to teaching needs, such as local magnification, movement, hiding, changing color and transparency, etc., to help residents deepen the anatomy of adjacent organs and further deepen their understanding and memory of surgical operations.
1.3 Observation Indicators and Evaluation of Teaching Effectiveness 
(1) Assessment Scores: After the completion of teaching, assessments will be conducted for two groups of resident physicians. The assessment content includes a theoretical exam and a skills evaluation, with a total score of 100 points, covering both theoretical and skills assessments.
Each is 50 points. (2) Satisfaction Evaluation: A questionnaire survey was used. The questionnaire included questions such as whether the teaching method helps to stimulate students' enthusiasm for learning (20 points), whether it helps improve learning efficiency (20 points), whether it is lively and interesting (20 points), whether it helps residents better understand the surgical procedures of the urinary system (20 points), and whether it benefits the learning of urinary system imaging (20 points). The total score of the questionnaire is 100 points. 
1.4 Statistical Analysis: Statistical analysis was performed using SPSS 20.0. Measurement data conforming to a normal distribution are expressed as x̄ ± s, and comparisons between groups were conducted using independent two-sample t-tests; measurement data not conforming to a normal distribution are expressed as M(Q1, Q3), and comparisons between groups were performed using rank-sum tests; count data are expressed as n (%), and comparisons between groups were carried out using the χ2 test or Fisher's exact test. P < 0.05 was considered statistically significant.
2 Results
2.1 Comparison of Assessment Scores Between the Two Groups.
The observation group's theoretical and skills scores were (85.23±4.98) points and (89.14±5.72) points, respectively, while the control group's theoretical and skills scores were (78.31±5.24) points and (83.56±5.53) points, respectively. The observation group's theoretical score (t=-5.243, P<0.001) and skills score (t=-3.841, P<0.001) were higher than those of the control group, with the differences being statistically significant (P<0.05). 2.2 Comparison of Resident Physicians' Satisfaction with Different Teaching Models The observation group had higher satisfaction scores than the control group in aspects such as stimulating residents' learning enthusiasm, improving learning efficiency, engaging and interesting content, deepening the understanding of urological surgical procedures, and enhancing the study of urological imaging, as well as in total satisfaction scores, with the differences being statistically significant (P<0.05)
See Table 2 below.
Table 2 Comparison of Satisfaction Scores of Two Groups of Resident
Physicians with Different Teaching Models (points, x±s)
	Group
	Inspire & love to learning
	Improve learning efficiency
	The content are valuable and interesting
	Deepen understanding of the surgical procedures of the urinary system
	Enhance& learning the urinary system imaging
	Total Score

	Control group

Observation group

	16.18±2.11


18.27±1.62
	17.07±2.15


18.71±1.34
	15.68±2.59


18.80±1.12
	17.12±2.67


18.73±1.28
	16.42±2.70


18.87±1.03
	82.47±12.22


6.39±93.38 

	t value, 
P value
	-4.303
< 0.001
	-3.546 
0.001
	-6.056
< 0.001
	-2.978
0.004
	-4.644
<0.001
	-4.333
<0.001



3. Discussion
Holographic imaging technology can not only provide views of objects from all angles but also simulate the motion trajectories and optical properties of objects, presenting a realistic three-dimensional effect. In the medical field, holographic imaging technology has been widely applied in teaching, diagnosis, and surgical simulation [4].  Surgery, being a highly practical discipline, requires training in skills such as puncture and surgical procedures during clinical teaching. Some studies have applied holographic imaging technology to the teaching of various commonly used clinical puncture operations and found that this technology can significantly improve residents' puncture operation assessment scores and teaching satisfaction, Compared with traditional model-based teaching, holographic imaging technology provides residents with a more realistic and intuitive learning environment, helping them better master puncture techniques and improving teaching outcomes. With the continuous development of medical technology, personalized and precise medical care has become one of the important directions for the future development of medicine. Holographic imaging and technology provide strong support for personalized precision medicine by reconstructing patients' three-dimensional anatomical models and analyzing lesion characteristics. Wang et al. [5] studied a holographic imaging-based, patient-specific, interactive, multi-user neurosurgical training and planning system and found that the system can significantly improve the effectiveness of neurosurgical training and the accuracy of surgical planning, achieving precise simulation and real-time interaction of patients' individual anatomical structures, and providing surgeons with more intuitive and efficient training and planning tools with the continuous development of medical technology, surgery (urology) residency training is facing new challenges and opportunities. Unlike other surgeries, surgery (urology) uses more minimally invasive surgery and endovascular treatment, which requires operators to have higher knowledge reserves of local anatomy and vascular travel. The application of hologram imaging technology provides a new learning and training platform for surgical (urology) residents. First, hologram imaging technology can provide three-dimensional and intuitive images, which is crucial for residents to understand complex anatomical structures and surgical pathways, especially in renal tumor-sparing nephron surgery and percutaneous nephrolithotomy. Secondly, the application of hologram imaging technology in preoperative planning and intraoperative navigation can improve the accuracy and safety of surgery [6, 7]. Urological surgeries often involve important blood vessels and organs, and hologram technology can help doctors develop a more precise surgical plan before surgery and help residents understand the surgical process before surgery. Through holographic imaging technology, residents can simulate urological surgery in a risk-free environment, deepen their understanding of surgical procedures, and improve surgical skills. For example, during the simulation training of kidney surgery, holograms can clearly show the renal blood vessels, assembly systems, and surrounding anatomical structures, helping residents to prepare more fully for surgery before the actual operation, and providing real-time guidance during surgery, reducing surgical risks and improving surgical success rates. Hologram technology can also be used in the teaching of doctor-patient communication. Through holographic imaging technology, residents can clearly show patients and their families the location, size, and relationship with surrounding tissues, which helps to improve patients' understanding and acceptance of surgical plans and provides a reliable platform for residents to train doctor-patient communication skills. At the same time, hologram technology, as a teaching tool, can also provide repeatable simulated surgical operation scenarios and real-time feedback guidance, help residents practice complex surgical operation techniques and improve teaching effectiveness and residents' interest in learning [8, 9].
Although holographic imaging technology has shown promising results and significant application potential in urology residency training, its widespread adoption still faces several challenges. For example, holographic imaging systems are costly and complex to operate, and the processing and analysis of holographic imaging data require skilled technicians and extensive clinical experience. In the future, as the technology continues to mature, holographic imaging technology is expected to be applied and promoted across a broader range of fields.
4. Conclusion
Holographic imaging technology has significant application value in urology residency training. It can enhance teaching quality and strengthen residents’ practical skills through various approaches, including preoperative planning instruction, intraoperative navigation simulation, anatomical education, and simulated surgical procedures. By supporting these applications, holographic imaging technology promotes the development of personalized and precision medicine. In the future, with continuous technological advancements and decreasing costs, this technology is expected to play an increasingly important role in urology residency training. We anticipate that more medical and educational institutions will recognize and adopt holographic imaging technology, thereby jointly advancing the development of medical education and clinical practice.
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