Development and evaluation of a virtual reality based total hip arthroplasty surgical training application
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Abstract
Introduction: Total hip replacement surgery is one of the most difficult procedures in orthopedic surgery, which, due to its high sensitivity and risk of infection, usually limits the ability of operating room students to attend and observe the procedure directly, especially at lower levels. The use of emerging technologies such as virtual reality and 360 degree videos, by creating an immersive experience close to physical presence, is a solution to overcome this educational challenge. This study aimed to develop and evaluate a virtual reality based hip replacement training program on the learning of operating room students.
Methods: In this study, which was designed as a two group quasi experimental (control-intervention) study with an additive structure, in which both groups had a common educational base (online) and the intervention group additionally received VR training, 36 operating room students (20 in the 5th semester and 16 in the 7th semester) were equally divided into two control groups (18 receiving conventional online training) and intervention groups (18 receiving online training combined with virtual reality and 360 degree video training). The level of student learning was measured with researcher made tests (pre test and post test). The data were also analyzed and reported using SPSS statistical analysis software.
Results: In the intervention group (online education + VR), post test scores were significantly higher than pre-test scores (Wilcoxon, p<0.001), while in the control group (online education only) no significant difference was observed (p=0.057). Between group comparison showed that the mean post test scores of the intervention group (12.83±3.47) were significantly higher than those of the control group (6.72±3.18) (independent T, T=5.512, p<0.001, very large effect size d=1.89). The rate of learning progress in the intervention group was also significantly higher than that of the control group (Mann-Whitney, p=0.004).
Conclusion: Compared to conventional online training, the virtual reality-based total hip arthroplasty training program significantly improved the learning of operating room students with a large effect size. Based on these findings, the use of virtual reality can be recommended as an effective supplement to conventional training in the field of specialized surgical training for operating room students.
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Introduction 
The spread of the information age, especially after the COVID-19 pandemic, has brought about significant changes in the methods of medical education(1). The introduction of technologies such as virtual and augmented reality, by enriching the content through dynamic images and interactive interfaces, has created more efficient and attractive learning environments(2, 3). Virtual reality, as defined by Burt (2017), is a hybrid environment of the real and virtual worlds that enables dynamic and realistic observation of imaginary objects (4) and has become one of the most effective tools for teaching advanced medical skills due to its ability to simulate accurate, safe, and user friendly environments (5-9). Among the various methods for producing virtual reality environments, 360 degree videos have gained a prominent place in the field of education due to the lower cost and time spent in the production process. These videos have had a significant impact on increasing empathy, fostering reflective thinking, and improving skill based learning (6, 10-12). Of course, the amount of learning that can be achieved with this technology depends on the user's level of immersion; using a headset and controller creates a more complete immersion and learning experience than viewing the same content on a phone or computer screen (13, 14). The field of operating room technology, due to its specialized nature, requires strong theoretical and practical training, but the operating room environment often does not provide an optimal learning environment due to patient safety considerations, time constraints, trainee density, and limited access to a good view of the surgical site (9). Virtual reality based education eliminates location dependency and creates a realistic environment with the help of special headsets and immersive images, improving context based learning and better transfer of skills (15, 16). Hip replacement surgery is one of the most complex and sensitive surgeries in orthopedics, and learning is rarely possible due to the high risk of infection and poor visibility of the surgical site despite the large number of students and residents in the operating room. Virtual reality simulations and 360 degree videos of surgeries are a complementary method to conventional training for better learning (17). Evidence suggests that skills learned in simulated environments transfer significantly to real world clinical situations (18), and these environments provide a safe environment for repeated practice and enhance students' knowledge and skills in hip replacement surgery (5, 19).The close connection between theory and practice in education highlights the need for a deep understanding of learning theories. Based on the “situated learning” approach, acquiring knowledge in a context close to the real environment of its application is more effective. By creating virtual reality experiences, 360 degree video technology enables learners to apply their skills in simulated environments and understand concepts more deeply (11). 
Given the significant advances in educational technologies and the challenges in learning orthopedic surgical techniques, especially femoral joint replacement surgery, which is not possible for students, especially at lower levels, to be present in the operating room due to the high risk of infection, the use of emerging technologies such as virtual reality and 360 degree videos as effective educational tools seems necessary and inevitable to familiarize students with the operating room and create an experience close to physical presence in the surgical environment. This study aims to develop and evaluate a virtual reality based femoral joint replacement surgery training program with 360 degree videos on the learning process of students. Our research question for this study is: Does adding VR based training with 360 degree videos to conventional online training increase the learning of operating room students compared to conventional training alone?
Methods
This study was designed as a two group quasi experimental (control-intervention) study with an additive structure, in which both groups had a common educational background (online) and the intervention group additionally received VR training.
The study sampling was conducted through convenience sampling and non randomly; the reason for this selection was the limitations caused by war conditions in the access and presence of students at the university during the study period. However, the calculation of post-hoc statistical power, using G-Power software, for an independent T-test with an observed effect size (d=1.89) and a sample size of 18 people in each group, showed a statistical power of 99.9%, which confirmed the adequacy of the sample to identify this large difference between the groups.
36 eligible students (20 in semester 5 and 16 in semester 7) participated in the study. First, all participating students received conventional online education; then, a subset of 18 students (9 students from each semester) who were able to attend the university due to their proximity to their place of residence, were divided into groups of 4-5 students at the designated time, and received additional virtual reality based education in addition to online education (intervention group). Due to the lack of randomization, the homogeneity of the two groups in terms of background variables and pre test scores was statistically examined and confirmed.

Description of the research sample 
Due to the war conditions in the country and the inability of other students to attend at the scheduled time, this study was conducted as a convenience sample of students who were natives of Mashhad and were able to attend the university at the scheduled time. Information and coordination for students' participation and attendance in the study were provided by representatives of each class from the operating room technology department of Mashhad University of Medical Sciences. The present study did not have any financial benefits for the participants. A total of 36 operating room students (20 students from the 5th semester and 16 students from the 7th semester) participated, who were equally divided into two control groups (18 students, conventional online education) and intervention (18 students, online education combined with virtual reality based education). The mean age of the sample was 22.64 years (standard deviation = 0.83; range 22 to 26 years). Among the participants, 20 (55.6%) were female and 16 (44.4%) were male, and the gender distribution was the same in the two groups. Only 5 people (13.9%) had previous experience using virtual reality technology. The Mann-Whitney test confirmed the homogeneity of the two groups in pre test scores (U=135.000, z=-0.872, p=0.383).
Figure 1 shows the overall flowchart of the study.
Criteria for entering students into the study:
1. Students must have full consent to participate in the study.
2. They must have successfully completed the theory unit of orthopedic surgical technique.
3. They must be students in the 5th and 7th semesters of the operating room program.
Criteria for students to leave the study:
1. Individuals present in the study are unwilling to continue cooperation at any stage for any reason.
2. The student must not participate in the learning assessment test.

Research Design
This study is a two group, two stage (pre test and post test) quasi experimental study with an additive within group design using a convenience sampling method, which was implemented in two stages:
• Stage 1 (Development): Design and construction of 360 degree video based educational content for teaching total hip arthroplasty (THA) surgery to operating room technology students.
• Stage 2 (Evaluation): Measuring the level of student learning, by measuring the added effect of virtual reality based education with 360 degree video in the intervention group to conventional education in the control group. Fig 1. shows the overall flowchart of the study design.
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Fig 1. Flowchart of study


Step 1. Design and development of the educational program
Section 1. Preparation of educational content
First, the content of educational materials related to femoral joint replacement surgery was extracted from reputable books used in the medical and undergraduate courses in the field of operating room technology by the researcher and was approved by the consulting professors in the project.
Then, the scenario for designing an application for training in virtual reality based femoral joint replacement surgery was developed by the researcher and the project partner by reviewing articles in this field, and after approval by the consulting professors, it was handed over to a medical informatics specialist and the work of producing the application with the existing scenario and content began.
In addition, the content prepared for preparing an educational PowerPoint on the topic of the aforementioned surgery was also used for conventional training.
Section 2. Production and development of 360 degree videos
After obtaining permission from the university's educational vice chancellor, the researcher's letter of entry into the research environment in the operating room of Imam Reza (AS) Teaching Hospital was received and after following up on the entry permit, the researcher entered the operating room of the aforementioned hospital. After the researcher entered the operating room, during the femoral joint replacement surgery, in coordination with the orthopedic specialist and the operating room manager, and by providing brief explanations to the personnel present in the operating room about the procedure, the 360 degree Insta camera was placed on the orthopedic specialist's head from the beginning of the surgery, and during the surgery, the specialist provided explanations about the desired operation.
It should be noted that in order to improve the quality of the recorded visual and video content of the surgical process, taking into account environmental considerations and operational limitations governing the operating room space, including the clarity of images and sounds, the aforementioned stage (which includes obtaining permission to enter the operating room and recording video images of the hip replacement surgery) has been carried out a total of three times until it was finally approved by the professors.
Finally, after preparing the final content of the hip replacement surgery, the researcher collected the videos and equipment. After categorizing and editing the desired content, the videos were provided to a specialist in the field of informatics for the development of the application and connecting the application operating system to the virtual reality headset.
To design the educational application for total hip artoroplasty surgery, the visual content of this surgery was used along with theoretical content taken from reliable sources in the field of orthopedics. After approval by a study team consisting of supervisors, consultants, and orthopedic specialists, and necessary modifications were made, this content was compiled in the form of text, images, podcasts, questions, and 360 degree videos, and was finally implemented as an application to train operating room students and improve the quality of their learning.
Also, in order to prepare a PowerPoint for training the control group in the study, the content used in the application and images prepared in the aforementioned surgical position were used and approved by the operating room group professors.
First, based on studies and research articles conducted in the field of medical education based on virtual reality and 360 degree videos, effective factors in learning were extracted, including interactive learning, immersion, gamification, and adverse physical effects and complications. Then, the collected content was categorized and organized based on the indicators obtained from the conducted studies. Next, a set of 15 educational videos, compiled in a short term (1-3 minute) schedule, was prepared and produced using the Insta 360-degree camera.
The videos prepared from the femoral joint replacement surgery, including: 1. Placing the patient in the appropriate position for the operation, 2. Prep and disinfect the surgical site, 3. Draping, 4. Setting up the surgical table and equipment, 5. Cutting the skin and subcutaneous tissue, 6. Cutting the fascia and muscles, 7. Accessing the damaged joint for prosthesis placement, 8. Removing the damaged joint, 9. Preparing the acetabulum cavity, 10. Placing the Acetabular Component, 11. Placing the acetabular liner, 12. Preparing the stem placement site, 13. Placing the stem, 14. Placing the head, 15. Closing the surgical site and dressing, were collected in a 1-3 minute format.
The equipment required for editing and displaying the video included a powerful computer, including an 11th generation Intel Core i7 processor and NVIDIA GeForce RTX 3070 graphics card; Insta 360° camera; Adobe Premiere Pro, Unity Editor software. The equipment required to prepare the scenario for the educational video included an orthopedic operating room and a patient undergoing joint replacement surgery, a high resolution graphics card to increase immersion, an HMD, and a surgical team consisting of an orthopedic surgeon, a surgical resident, a surgical assistant, and an operating room student.
After providing the required equipment and supplies, the position of the insta 360 camera was determined for the most optimal quality and viewing angle (from the user's perspective and using the headset). The videos obtained from the user's perspective (from the student or professor's perspective) were evaluated by a team of experts and the most optimal mode was selected. After completing the filming, the videos were edited using Adobe Premiere Pro and GoPro Player software, and game like interactions and the possibility of playing in virtual reality were achieved using the Unity software and engine. Also, at times during the video broadcast (with the approval of the team of experts), interactive questions were included, which participants had to answer correctly using the controllers, in order to be able to continue watching the video or enter the next stage. The videos were tested by research units before final use to eliminate possible problems.

In addition, the content of the videos was reviewed by an expert in the field of medical education for causing side effects in people, including dizziness, headache, and blurred vision during virtual reality based training.
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Fig2. Snapshot from a 360 degree video recording using an Insta360 camera of a total hip arthroplasty procedure

Step Two: Assessing the Effectiveness of the Training Program
In order to conduct the research, after obtaining permission from the Vice Chancellor for Education and the Director of the Operating Room Department, representatives of the two 5th and 7th semester classes of the operating room department were given a telephone call to explain the objectives of the research, how to conduct the research, the time of the exams, the time of the online class, and the time of the students' attendance to receive VR based training. Given the limitations of attending the university at the appointed time, representatives of both classes were asked to inform their classmates and students who met the study entry criteria were introduced and grouped.
The grouping of the participants in the study consisted of two groups:
The first group received surgical training through conventional training, online in the Skyroom software platform, using PowerPoint and lectures.
The second group, one week after receiving conventional training, received training in femoral joint replacement surgery using virtual reality and 360 degree videos of the aforementioned surgery.
The group participating in this study was a total of 36 students, 20 of whom were in the 5th semester and 16 in the 7th semester.

The control group in the study, which included all participating students (n=36), after making the necessary coordination regarding the work process, was initially assessed with an online pre test in two 45 minute sessions (one session for students in the 5th semester and one session for students in the 7th semester) in the first week of the study, to assess their knowledge about femoral joint replacement surgery.
Due to the limitations of university attendance during the war, the students' pre-test was conducted online 20 minutes before the start of the class by sending a link to the students' class group.
Immediately after the pre test, an online training session on femoral joint replacement surgery was conducted in the Skyroom software at the accessible link that had been activated in advance through the university, for 45 minutes using an educational PowerPoint and a lecture by the researcher.
The educational content for the training group consisted of lectures and PowerPoint presentations, with the researcher providing the necessary explanations about the surgery, in accordance with the source textbooks, along with images of the femoral joint replacement surgical position in the operating room, and participation in discussion, interaction, and questions and answers from students.
In the second week of the research process, the intervention group, which included 18 operating room students, 9 of whom were from semester 5 and 9 from semester 7, in small groups (4-5 people), during one week, with a coordinated schedule for 1 hour, went to the technology laboratory in the medical education department at the appointed time to receive training under the virtual reality based femoral joint replacement educational application using 360 degree videos of the surgical environment, using the operating system and virtual reality headset, and received the desired training for 1 hour.
The educational content of the intervention group, based on virtual reality based training, consisted of several 360 degree videos lasting 1 to 3 minutes, which were prepared from the position of a femoral joint replacement surgery performed in the operating room of Imam Reza Hospital. These videos were presented with explanations from an orthopedic surgeon and included gamification elements, including a question and answer session, scoring participants, and creating a competitive atmosphere among students.
The training process was as follows: after the students were initially familiarized with the virtual reality equipment, the researcher provided a brief explanation of how to work with the training application to each participant in the intervention group. Then, the training content was provided to the student step by step via a computer system. In this way, at each stage, first the explanations related to that part of the surgery were displayed, and then the corresponding 360 degree video was displayed. After watching the video, the student was given the opportunity to answer the questions in that section, and after answering and earning points, he was guided to the next stage of training. At the end of all training stages, the final score of each participant was visible in the form of a competition between students.
At the end of the third week from the start of the research, at a coordinated time, the post test was made available to all students participating in the research via the test link for 20 minutes, and at the end of the test, the test answer sheet was also shown to the students.
Then, at the end of one month after the start of the study, all these students were evaluated at the scheduled time using an online post test with 20 questions from the training conducted, and the scores received by the students were recorded and entered into the information form of each person. Also, the demographic and anthropological information of the students was recorded using a checklist.
The questions for the students' pre-test and post-test were designed based on the educational content used in both types of training and were examined to determine the validity and reliability of the study instrument.
It is worth noting that the questions related to the students' pre-test and post-test were equivalent.

Determining the validity and reliability of the learning assessment tool
The assessment of the level of students' learning from the training of femoral joint replacement surgery was carried out with a researcher made test from the relevant materials from reputable medical science books.
The researcher made test questions to assess learning related to femoral joint replacement surgery were designed in accordance with the lesson plan and steps of surgical training by collecting 20 four choice questions under the supervision of the operating room professor and instructor, and then content psychometrics were conducted by obtaining opinions from the professors of the operating room training department of Mashhad University of Medical Sciences, who are experts in the field of orthopedics and educational design. The pre test and post test questions were equivalent. The scoring method was such that 1 point was given to each correct answer and 0 points were given for incorrect answers and no answer.
In order to determine the validity and reliability of the learning test questions, first the test related to femoral joint replacement surgery was designed in accordance with the lesson plan and steps of surgical training according to the opinions of the surgeon and the department instructor, and then content psychometrics were conducted by obtaining opinions from the professors of the relevant training department, who are experts in the field of orthopedics and educational design. To determine the validity of multiple choice questions measuring the level of students' learning about total hip arthoroplasty Procedure (pre test and post test), a questionnaire with 20 four choice questions was designed. The questions were given to 8 faculty members of the operating room group, and the face and content validity of the questions were examined using the content validity ratio (CVR) and content validity index (CVI). The calculated values ​​for the content validity ratio (CVR) and the content validity index (CVI) were matched with the values ​​of the Lavish table, and all questions had appropriate validity. The reliability of the test measuring the level of students' learning about femoral joint replacement surgery was also calculated with a Cronbach's alpha coefficient of 0.897, which indicates that the designed test has internal consistency and appropriate reliability for research and statistical purposes.
Data analysis:
First, the normality of the data distribution was examined with the Shapiro-Wilk test, and then other research analyses were performed.
The Wilcoxon test was used to determine and compare the average learning score of students in femoral joint replacement surgery training before and after the intervention, separately in the control and intervention groups. Also, the average learning score between the intervention and control groups was compared before the intervention with the Mann-Whitney test and after the intervention with the independent t-test. In order to determine the correlation between the pre test and post test learning scores, separately in each of the two intervention and control groups, the Pearson correlation coefficient was calculated. Also, the average pre test and post test learning scores of students in the 5th and 7th semesters were compared with the independent t-test. To measure the level of satisfaction with the training in the intervention group, the one-sample t-test was used, and finally, the average changes before and after conventional training and virtual reality (VR) in both intervention and control groups were compared with the Mann-Whitney test.

Findings
A total of 36 operating room students (20 from semester 5 and 16 from semester 7) participated in this study, who were equally divided into two control groups (18, receiving conventional online education) and intervention (18, receiving online education combined with virtual reality based education) (in fact, our goal is to measure the added effect of VR education compared to online education alone on student learning, and for this purpose, the participants' scores were examined in two pre test and post test phases).
The mean age of the total sample was 22.64 years (standard deviation = 0.83) with a range of 22 to 26 years.
In terms of gender, 20 (55.6%) were female and 16 (44.4%) were male, with the gender distribution in the two groups being the same (10 females and 8 males in each group). Only 5 (13.9%) of the participants had previous experience with virtual reality technology.
Demographic information of the participants and descriptive statistics of the study group are presented in the table 1.


Table 1- Absolute and relative frequency distribution of demographic variables of research samples
	Variable
	Category / Index
	Total Sample(n=36)
	Semester 5(n=20)
	Semester 7(n=16)
	Control Group(N=18)
	Intervention Group(N=18)

	
	
	Frequency (%)
	Frequency (%)
	Frequency (%)
	Frequency (%)
	Frequency (%)

	Gender
	Female
	20 (55.6%)
	9 (45%)
	11 (68.8%)
	50%
	50%

	
	Male
	16 (44.4%)
	11 (55%)
	5 (31.3%)
	
	

	Age
	Mean ± SD
	22.64 ± 0.83
	22.20 ± 0.52
	23.19 ± 0.83
	22.44 ± 0.51


(22–24 yrs)
	22.83 ± 1.04


(22–26 yrs)

	
	Range
	22–26
	22–24
	22–26
	
	

	Prior VR Experience
	Yes
	5 (13.9%)
	5 (25%)
	0 (0%)
	0%
	13.9%


	
	No
	31 (86.1%)
	15 (75%)
	16 (100%)
	
	

	Academic Semester
	Semester 5
	20 (55.6%)

	
	Semester 7
	16 (44.4%)

	Total Sample
	
	36 (100%)
	20 (100%)
	16 (100%)
	36 (100%)






Due to the non normal distribution of the data (Shapiro Wilk test), the non parametric Wilcoxon test was used. In the control group, the difference between pre test and post test scores was not statistically significant (z=-1.902, p=0.057, r=0.45), which is consistent with the nature of this group (no intervention). In contrast, in the intervention group, 88.9% of participants (16 out of 18) experienced score improvement and the mean post test scores were significantly higher than the pre-test (z=-3.492, p<0.001, r=0.82), indicating a strong and positive effect of the intervention.  Descriptive indices and results of intra group tests (pre test and post test) are presented in Table 2.


Table 2- Descriptive indices and results of intra group tests (pre-test and post-test)
	Group
	Phase
	Mean
	Standard Deviation
	Recovery Count / Rate
	Wilcoxon Test
	Effect Size (r)

	Control
	Pre-test
	-
	-
	-
	
	0.45

	Control
	Post-test
	-
	-
	-
	
	-

	Intervention
	Pre-test
	-
	-
	16 (88.9%)
	
	0.82

	Intervention
	Post-test
	-
	-
	-
	
	-



Independent t-test showed that the mean post test scores in the intervention group (mean=12.83; standard deviation=3.468) were significantly higher than those in the control group (mean=6.72; standard deviation=3.177) (t=5.512, df=34, p<0.001, d=1.89), indicating a very large effect size.
Comparing the rate of progress (difference in scores) between the two groups with the Mann-Whitney test also showed that progress in the intervention group was significantly greater than that in the control group (U=75.500, z=-2.844, p=0.004, r=0.47).  Information regarding the comparison between groups of students in the post test is presented in Table 3.

Table 3- Between group comparison in post-test and rate of progress
	Variable
	Intervention Group
	Control Group
	Statistical Test
	Test Statistic
	Degrees of Freedom
	Significance Level (p-value)
	Effect Size

	Post-test Score
	Mean = 12.83


SD = 3.468
	Mean = 6.72


SD = 3.177
	Independent -test
	
	
	
	 (Very Large)

	Improvement Rate (Difference)
	-
	-
	Mann–Whitney
	



	-
	-
	-




Pearson correlation coefficient showed that in the control group, there was a positive and significant correlation between pre test and post test scores (r=0.613, p=0.007), while in the intervention group this correlation was not significant (r=0.018, p=0.944). This finding suggests that the educational intervention eliminated the natural relationship between basic knowledge and final performance and had a uniform effect on students with different knowledge levels.  Information regarding the correlation of students' pre test and post test scores is presented in Table 4.


Table 4-  Correlation between pre-test and post-test scores in each group
	Group
	Correlation Coefficient (r)
	Significance Level (p)
	Interpretation

	Control
	
	
	Positive and significant correlation (preservation of initial ranking)

	Intervention
	
	
	No significant correlation (loss of relationship between baseline knowledge and final performance)




Regarding the comparison between academic semesters of students, the Mann-Whitney test results indicated homogeneity of students in semesters 5 and 7 in the pre test (U=107.000, z=-1.728, p=0.084). Although both groups showed significant improvement after the intervention (semester 5: z=-1.9, p<0.001, r=0.42; semester 7: z=-3.4, p<0.001, r=0.85), no significant difference was observed in post test scores (U=137.00, p=0.462) or progress rate (U=139.000, p=0.498) between the two semesters; therefore, the effectiveness of the intervention was similar in both semesters.  Table 5 shows the comparison of the effectiveness of the intervention based on the students' academic semester.


Table 5- Comparison of intervention effectiveness based on academic semester
	Variable
	5th Semester Group
	7th Semester Group
	Mann–Whitney Test
	Test Statistic
	Significance Level (p)
	Effect Size (r)

	Pre-test (Baseline Homogeneity)
	-
	-
	Mann–Whitney
	



	
	-

	Post-test
	Significant improvement


, , 
	Significant improvement


, , 
	Mann–Whitney
	
	
	-

	Improvement Rate
	-
	-
	Mann–Whitney
	
	
	-





Overall, in this study, the educational intervention had a strong effect on student learning (p<0.001, d=1.89), such that 89% of the intervention group improved and this effect was independent of the initial baseline knowledge (the correlation between pre test and post test was eliminated in the intervention group). Also, the effectiveness of the intervention was observed equally in both academic semesters 5 and 7 (p=0.462) and the control group did not show a significant change (p=0.057). Overall, the intervention significantly improved learning with a large and uniform additive effect. Figure 3 shows the comparison of the mean learning scores in the pre test and post test in the two groups.



Fig 3. comparison of average learning scores in pre test and post test in two group


Discussion 

This study aimed to develop and evaluate the applicability of a virtual reality (360 degree video) based hip replacement surgery training program and determine its impact on learning and 36 students in the 5th and 7th semesters of the operating room of Mashhad University of Medical Sciences. The main findings showed that adding virtual reality based training to conventional online training significantly and with a very large effect size (d=1.89) improved students' learning scores, while the control group (receiving conventional online training only) did not show a significant change in their scores.
The central finding of this study was the significant superiority of the intervention group over the control group in post-test scores (T=5.512, p<0.001, d=1.89); such that 88.9% of students in the intervention group experienced an improvement in their scores. This finding is consistent with the results of the vast majority of previous studies. For example, Mansouri et al. reported significant improvements in learning in the training of the comatose patient, which is consistent with the present findings in the same field of study and with a similar intervention/control group design. Similarly, Chang et al. in obstetrics (20), IM et al. in dental radiology, and Tanaka et al. in neurosurgery all reported significant superiority of the 360 degree virtual reality group over conventional or 2D methods. The very large effect size obtained in the present study (d = 1.89) is also consistent with the findings of Katabi et al. in their systematic review, who reported improvements in performance at all skill levels from novice to experienced; however, in the present study, since all participants had no previous clinical experience in this specific surgery (similar to the novice population), the rate of improvement was expected to be high, which was confirmed.
In contrast, the findings of this study are inconsistent with the conclusion of Arents et al. that adding 360 degree video to a gentle cesarean section training program did not significantly improve long-term recall of knowledge. This difference can be explained by several factors: first, Arents et al.'s study measured long-term recall, while the learning assessment in the present study was conducted immediately after the intervention; second, the sample size and distribution of participants' prior experience in the two studies were different. This difference highlights the need for future studies with long-term follow-up in the present study. The relative stability of the control group scores (z=-1.902, p=0.057) along with the homogeneity of the groups at pre-test (U=135.000, p=0.383) is methodologically important; This suggests that the improvement observed in the intervention group was not due to a repeated test effect or bias in the initial allocation of participants and could be specifically attributed to the virtual reality intervention. This pattern is consistent with the methodological design of studies such as Chan et al. and IM et al., in which the control group with conventional or 2D training also made more limited progress than the intervention group.
One of the interesting findings of this study was the loss of significant correlation between pre test and post test scores in the intervention group (r=0.018, p=0.944) compared to a significant positive correlation in the control group (r=0.613, p=0.007). This finding suggests that VR based education had a relatively uniform effect on students’ learning, regardless of their prior knowledge; in other words, this method can reduce the knowledge gap between students with different levels of initial preparation. This finding is consistent with the theoretical framework of experiential learning proposed in the review study by Marougkas et al., which introduces experiential learning as the most compatible with virtual reality environments and emphasizes the role of this technology in providing a practical and uniform experience for all learners, regardless of their prior knowledge.
The results showed that although the intervention was significantly effective in both semester 5 (z=-1.9, p<0.001) and semester 7 (z=-3.4, p<0.001) groups, there was no significant difference in the rate of progress between the two semesters (U=139.000, p=0.498). This finding suggests that the effectiveness of 360 degree video based education is not dependent on the academic level or the level of previous exposure of students to more specialized courses and can be used as a complementary educational tool for different levels of education in the operating room field; a result that is in line with the approach of Fukuta et al., who introduced 360 degree video as a generalizable tool for familiarizing students at different stages of education with the operating room environment.

Strengths of the study
1. Examining the effect of the intervention at two different academic levels (semesters 5 and 7), which helps generalize the findings across different levels of the curriculum.
2. The age group of the study participants is in the 22-26 age range, which reduces the possibility of bias in the type of perspective and learning style of the students.

Limitations of the study
1. Relatively limited sample size (36 students), which limits the generalizability of the findings; a limitation that is common to most similar studies in this field.
2. Conducting convenience sampling due to war conditions and the inability of some students to be present at the university at the scheduled time prevented a randomized study design.
3. Failure to measure long term retention of learning, which limits the possibility of direct comparison with the finding of Arents et al. about the lack of improvement in long term recall.
4. The use of 360 degree video as a semi-interactive medium (compared to fully interactive virtual reality environments such as the study by Koyachi et al.), which may have limited the level of immersion and overall interaction compared to fully interactive systems.

Suggestions for future studies
1. Multicenter studies with larger sample sizes should be conducted to increase the generalizability of the findings.
2. Follow up studies should be designed to assess learning at longer time intervals (e.g., 
one to three months after the intervention) to assess the retention of knowledge.

3. The role of variables such as learning motivation, learning style, and cognitive load in the relationship between usability/satisfaction and learning performance should be investigated.
4. The effectiveness of semi interactive 360 degree video versus fully interactive virtual reality environments (such as controller based systems) in teaching surgical procedures should be compared.
5. The user interface of the system should be improved with the aim of increasing the SUS score above the international reference average.

Conclusions 
The results of this study showed that adding 360 degree virtual reality video based training to conventional online training significantly and with a very large effect size improved the learning of operating room students in the field of femoral joint replacement surgery, and this effect was uniform regardless of the students' educational level and initial knowledge level. Given the alignment of these findings with the majority of international research literature, the use of 360 degree videos is recommended as a complementary, low cost, and scalable educational tool alongside conventional clinical training in the operating room field, especially for surgeries with limited clinical access, such as femoral joint replacement.




Correspondence: Amin Amiri Tehranizadeh (PhD), Department of Medical Informatics, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, IRN.
Email: AmiriMA@mums.ac.ir



Authors' contribution
Conceptualization: A.A.T. S.T.N.; Methodology: N.V.Z., S.T.N., S.M.H.; Formal Analysis: S.T.N., N.V.Z., B.M.; Investigation: S.T.N., O.S., B.M. N.V.Z.; Data Curation: A.A.T., S.T.N.,B.M., N.V.Z., D.S.; Writing Original Draft Preparation: S.T.N; Writing Review & Editing: A.A.T., S.T.N., S.M.H., B.M., N.V.Z, O.S., D.S.


Acknowledgements
We sincerely thank the students who participated in this study and the professors who accompanied us in conducting the research.

List of abbreviations
VR: Virtual Reality
THA: Total Hip Arthroplasty
HMD: Head mounted Display

Funding
This study was supported by the Department of Medical Education and the Department of Medical Informatics, Faculty of Medicine, Mashhad University of Medical Sciences, Iran.

Data Access
The dataset used in this study can be obtained by contacting the corresponding author upon reasonable request.

Ethical Approval and Consent to Participate
This study is based on a master’s thesis in the field of Educational Technology, which was approved by Mashhad University of Medical Sciences with the Code of Ethics in Research IR.MUMS.MEDICAL.REC.1404.309. All protocols conform to the ethical principles of the Declaration of Helsinki for Medical Research Involving Human Subjects and the authors have confirmed this. None of the authors have financial or private relationships with any commercial, academic, or political organization or individual that could have influenced this study. Online informed consent was obtained from all participants involved in this study.

Consent for Publication
Not Applicable.

Conflict of Interest
The authors declare that they have no conflicts of interest.


Refrences
1.	Feng H, Wang Y. Physiology education and teaching in Chinese mainland medical schools: the status quo and the changes over the past two decades. Advances in Physiology Education. 2023;47(4):699–708.
2.	Castelhano M, Morgado L, Pedrosa D. Instructional design models for immersive virtual reality: a systematic literature review. SIIE23 XXV Simpósio Internacional de Informática Educativa. 2023:272–8.
3.	Morgado L. Ambientes de aprendizagem imersivos. Video Journal of Social and Human Research. 2022;1(2):102–16.
4.	Rasouli B, Aliabadi K, Pourrosstai AS, Ahmady S, Asgari M. Development and Internal Validating of Medical Instructional Model Based on Virtual Reality. 2020.
5.	Johnson K, Liszewski B, Dawdy K, Lai Y, McGuffin M. Learning in 360 degrees: a pilot study on the use of virtual reality for radiation therapy patient education. Journal of Medical Imaging and Radiation Sciences. 2020;51(2):221–6.
6.	Su S, Wang R, Zhou R, Chen Z, Zhou F. The effectiveness of virtual reality, augmented reality, and mixed reality training in total hip arthroplasty: a systematic review and meta-analysis. Journal of orthopaedic surgery and research. 2023;18(1):121.
7.	Baker NA, O'Shanassy J, Unsworth CA. The usability of a virtual reality augmented training program to teach goniometry to occupational therapy students. BMC Med Educ. 2025;25(1):11.
8.	Shadiev R, Yang L, Huang YM. A review of research on 360-degree video and its applications to education. Journal of Research on Technology in Education. 2022;54(5):784–99.
9.	Blair C, Walsh C, Best P. Immersive 360 videos in health and social care education: a scoping review. BMC medical education. 2021;21(1):590.
10.	Gwag M, Yoo J, editors. Development and effectiveness evaluation of 360-degree virtual reality-based educational intervention for adult patients undergoing colonoscopy. Healthcare; 2024: MDPI.
11.	Beverly E, Rigot B, Love C, Love M. Perspectives of 360-degree cinematic virtual reality: interview study among health care professionals. JMIR Medical Education. 2022;8(2):e32657.
12.	Masoumian Hosseini M, Sadat Manzari Z, Gazerani A, Masoumian Hosseini ST, Gazerani A, Rohaninasab M. Can gamified surgical sets improve surgical instrument recognition and student performance retention in the operating room? A multi-institutional experimental crossover study. BMC Medical Education. 2023;23(1):907.
13.	Concannon BJ, Esmail S, Roduta Roberts M, editors. Head-mounted display virtual reality in post-secondary education and skill training. Frontiers in education; 2019: Frontiers Media SA.
14.	Sadoughi F, Khoshkam M, Farahi SR. Usability evaluation of hospital information systems in hospitals affiliated with Mashhad University of Medical Sciences, Iran. Health Information Management. 2012;9(3).
15.	Dede CJ, Jacobson J, Richards J. Introduction: Virtual, augmented, and mixed realities in education.  Virtual, augmented, and mixed realities in education: Springer; 2017. p. 1–16.
16.	Im J-E, Gu J-Y, Bae J-H, Lee J-G. Comparative study of 360° virtual reality and traditional two-dimensional video in nonface-to-face dental radiology classes: focusing on learning satisfaction and self-efficacy. BMC Medical Education. 2023;23(1):855.
17.	Sun P, Zhao Y, Men J, Ma Z-R, Jiang H-Z, Liu C-Y, et al. Application of virtual and augmented reality technology in hip surgery: systematic review. Journal of medical Internet research. 2023;25:e37599.
18.	Ueno M, Kawano S, Fujii M, Tanaka S, Sakumo K, Morimoto T. Does Preoperative Virtual Reality Experience Enhance Implant Positioning Accuracy in Total Hip Arthroplasty? Cureus. 2024;16(9).
19.	Tachejian S, Moussa A. 360-degree virtual reality video to teach neonatal resuscitation: an exploratory development study. Scientific Reports. 2024;14(1):14383.


Series 1	Online education	Online education+ VR education	0	0	Pre test	Online education	Online education+ VR education	5.89	6.83	Post test	Online education	Online education+ VR education	7.11	12.83	



image2.jpeg




image1.png
Assessed for eligibility
(n=36)

Group 1 (Control) Group 2 (Intervention
Online (no VR) Online + VR

(= 18) (= 18)

Pre test Outcome Assessment
(n=36)

Received Received Received Received

Online (loss vr) Online (loss vr) Online + VR Online + VR

(n=11) (=7) (n=9) (n=9)

Post test Outcome Assessment
(n=36)





