
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Zhao et al. BMC Medical Education          (2024) 24:290 
https://doi.org/10.1186/s12909-024-05233-4

BMC Medical Education

†Xin-yu Zhao, Qing Zhao and Ning-ning Li contributed equally to 
this work and share first authorship.

*Correspondence:
Han-yi Min
minhy@pumch.cn
You-xin Chen
chenyx@pumch.cn

1Department of Ophthalmology, Peking Union Medical College Hospital, 
Chinese Academy of Medical Sciences, No.1 Shuaifuyuan, Wangfujing, 
Dongcheng District, 100730 Beijing, China
2Key Laboratory of Ocular Fundus Diseases, Chinese Academy of Medical 
Sciences & Peking Union Medical College, Beijing, China
3Department of Operating Room, Peking Union Medical College Hospital, 
Chinese Academy of Medical Sciences, Beijing, China

Abstract
Background To compare the value and efficiency of the three-dimensional (3D) heads-up surgical system and 
traditional microscopic (TM) system in teaching and learning vitreoretinal surgeries.

Methods Twenty ophthalmologists and scrub nurses were recruited as teachers, and 45 junior ophthalmology 
residents and trainee doctors, trainee nurses, and medical students were recruited as observers. Each teacher and 
observer were assigned to both a 3D-assisted and TM-assisted vitreoretinal surgery and then asked to complete 
satisfaction questionnaires for both surgical systems at the end of each surgery.

Results The 3D heads-up surgical system was rated significantly higher in most of the subscales and overall 
satisfaction score by both teachers and observers (P < 0.05). However, ratings for instrument adjustment were 
significantly higher in the TM group compared to the 3D group for junior ophthalmology residents and trainee 
doctors (6.1 ± 1.7 vs. 8.8 ± 1.1, P < 0.001).

Conclusions The 3D heads-up surgical system has great didactical value in the medical education of vitreoretinal 
surgeries, but it is important to consider the specific needs of different learners when choosing between the two 
systems.

Trial registration Not applicable.
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Background
Since its first application in vitreoretinal surgeries in 
2016, [1] the three-dimensional (3D) heads-up surgical 
system has gained increasing popularity in the treatment 
of vitreoretinal diseases, such as epiretinal membrane 
(ERM) and macular hole (MH). The traditional micro-
scopic (TM) system needs prolonged static unnatural 
neck-bent positions of the ophthalmologists and might 
cause severe musculoskeletal discomfort [2]. Instead, by 
using the 3D heads-up system and wearing polarized 3D 
glasses, surgeons could turn their heads up and view the 
surgical field on the 3D monitor without looking through 
microscope eyepieces in the neck-bent position [3]. The 
3D heads-up system has reduced endo-illumination and 
the consequent retinal phototoxicity, extended depth of 
field, enhanced stereoscopic effect, and smoother surgi-
cal team communication [4–6]. Recently, further studies 
have reported that 3D heads-up surgeries have compa-
rable efficacy and safety to the TM surgeries [7–12]. Fur-
thermore, the current 3D technology has a latency of less 
than 70ms, which is unlikely to jeopardize the surgical 
performance and usability [13]. 

Recent studies have gradually noticed the great teach-
ing potentiality of the 3D heads-up surgical system 
in medical education, [14, 15] but a number of issues 
remain unresolved. Notably, the current evaluations of 
the educational value of the 3D system lacked specific-
ity and only used general statements in questionnaires, 
such as “educational value”, “teaching potential”, “teach-
ing”, or “satisfaction” [11, 14]. Therefore, more detailed 
and specific evaluations were warranted. For the clinical 
teaching surgeons and nurses, some indices like interest 
and enthusiasm in teaching, teaching atmosphere and 
interaction, deep and scientific thinking, and others were 
very critical in the teaching process. Additionally, cur-
rent reports on 3D heads-up surgeries mainly focus on 
the feedback from surgeons and medical interns, while 
the feelings and experiences of nurses and other observ-
ers are largely overlooked. Their understanding of the 
anatomical structure, surgical procedures and surgical 
cooperation, active operation cooperation, and surgi-
cal instrument recognition was also very vital for better 
teaching efficiency. Furthermore, no study exists to eval-
uate the teaching potentiality of the 3D system in the 
more complicated vitreoretinal surgeries, of which the 
training process usually takes several years. A more com-
prehensive assessment would enhance our understanding 
of the educational value of the 3D heads-up surgical sys-
tem in vitreoretinal surgeries, given these deficiencies.

Accordingly, we applied the questionnaires customized 
according to the role of the respondents, for a better and 
comprehensive evaluation of the 3D heads-up surgical 
system in teaching and learning vitreoretinal surgeries.

Materials and methods
Study design
This prospective comparative study was conducted 
in accordance with the Declaration of Helsinki and 
approved by the Institutional Review Board of Peking 
Union Medical College Hospital (PUMCH) (approval 
number: K4849). Written informed consent for the agree-
ment on the detailed operation and the instruments used 
in the surgery was obtained from all recruited patients.

Sample size calculation
Based on our preliminary questionnaire evaluation, the 
mean general satisfaction scores among clinical teach-
ing surgeons were 8.0 in the 3D group and 6.0 in the TM 
group. We set a Type I error level of 0.05 and a power 
level of 0.90 for our analysis. Under these assumptions, 
the minimum required sample size was determined to be 
10 [16].

Participant recruitment
Ten experienced ophthalmologists (as clinical teach-
ing surgeons) and 10 scrub nurses (as clinical teaching 
nurses) were recruited from November 2022 to February 
2023 from the Ophthalmology Department and Operat-
ing Room of PUMCH, respectively, forming the teacher 
group. The surgeons comprising the group of clinical 
teaching surgeons had a mean experience in vitreoreti-
nal surgeries of 19.4 ± 6.3 years, with a range spanning 
from 10 to 32 years. Additionally, junior ophthalmology 
residents and trainee doctors (N = 15), trainee nurses 
(N = 15), and medical students (N = 15) were randomly 
recruited during the same time as the observer group. 
The recruited medical students had no prior basic knowl-
edge or clinical work experience in ophthalmology and 
were considered as visitors. Each teacher and observer 
were assigned to both a 3D heads-up system-assisted vit-
reoretinal surgery and a TM system-assisted surgery.

Surgical techniques
Only vitreoretinal surgeries were assigned to teachers and 
observers, including surgeries for ERM, vitreomacular 
traction syndrome, VH, tractional and rhegmatogenous 
retinal detachments, macular hole, retinal detachment, 
pathologic myopic foveoschisis, silicone oil removal, and 
vitreous opacities. All surgeries were performed with the 
Alcon Constellation surgery system (Alcon Laboratories, 
Inc. Fort Worth, TX, USA). The TM group used the tra-
ditional microscopic system (OPMI-Lumera 700 with 
ReSight, Carl Zeiss Meditec AG, Jena, Germany), and the 
3D group used the Alcon NGENUITY® 3D Visualization 
System (Alcon Laboratories, Inc. Fort Worth, TX, USA) 
(see Fig.  1). All patients underwent standard 23-gauge, 
25-gauge or 27-gauge three-port pars plana vitrectomy 
(PPV) under local retrobulbar anesthesia or general 
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anesthesia, with detailed surgical procedures varying 
depending on the surgical indications.

Questionnaire evaluation
Questionnaires were designed to evaluate the satisfaction 
of all participants, respectively (see Supplementary mate-
rial1-5). The reliability and validity of our self-designed 
questionnaires were evaluated using Cronbach’s alpha, 
where a value of 0.70 or higher indicates acceptable reli-
ability, and the Kaiser-Meyer-Olkin test, where a value 
closer to 1 indicates stronger validity. The obtained values 
of 0.827 and 0.836 respectively indicated both acceptable 
reliability and validity. At the end of each surgery, each 
participant completed the questionnaire and rated their 
satisfaction on a continuous scale of 1 to 10, represent-
ing low to excellent, for both types of surgery. The clini-
cal teaching surgeons and nurses rated parameters about 
their teaching experience and comfort, as well as the edu-
cational value of 3D and TM surgeries. Junior ophthal-
mology residents and trainee doctors, trainee nurses, and 
visitors rated parameters about their learning experience 
on observing surgeries using these two techniques, with 
detailed parameters varying depending on their role. An 
exam was scheduled for ophthalmology residents and 
trainee doctors, as well as trainee nurses, to objectively 
evaluate their understanding and knowledge about the 

fundus anatomy, features of the diseases and related sur-
gical details, and their exam scores were recorded.   d 

Statistical analysis
Continuous variables were summarized as mean ± stan-
dard deviation (SD), and categorical data were presented 
as frequency (percentages). Paired t-tests were used to 
compare each subgroup of questionnaire scores between 
TM and 3D groups for both teachers and observers. All 
statistical analyses were performed with Stata SE 12.0 
software (StataCorp, College Station, TX, USA). The 
two-tailed P values < 0.05 were considered statistically 
significant.

Results
Teacher’s questionnaire scores
The detailed responses of the teachers to the question-
naire were shown in Table  1. The satisfaction score 
rated by the clinical teaching surgeons was significantly 
higher in the 3D group than in the TM group for all 
parameters (P < 0.05), except for the absence of a differ-
ence in the explanation of surgical cooperation (7.2 ± 1.5 
vs. 6.5 ± 1.5, P = 0.311) and the satisfaction with surgical 
cooperation (7.3 ± 1.4 vs. 7.7 ± 1.2, P = 0.502). For clini-
cal teaching nurses, no statistically significant difference 
was found regarding the interpretation of surgical instru-
ments using these two techniques (7.2 ± 1.7 vs. 7.0 ± 1.5, 

Fig. 1 Teachers and observers wearing polarized 3D glasses in a surgery using 3D heads-up surgical system
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P = 0.784), whereas 3D was significantly better than TM 
for the remaining items (P < 0.05). The overall satisfaction 
scores were higher for the 3D group compared to the TM 
group for both clinical teaching surgeons (104.9 ± 17.0 
vs. 72.7 ± 19.3, P < 0.001) and nurses (99.3 ± 15.2 vs. 
68.6 ± 19.2, P < 0.001) (see Fig. 2).

Observer’s questionnaire scores
For junior ophthalmology residents and trainee doc-
tors, the 3D group was rated better on most subscales 
(P < 0.05), except for worse instrument adjustment 
(6.1 ± 1.7 vs. 8.8 ± 1.1, P < 0.001). For trainee nurses, no 
statistically significant difference was found for instru-
ment preparation (7.8 ± 1.6 vs. 7.7 ± 1.4, P = 0.857) and 
active operation cooperation (7.7 ± 1.5 vs. 7.4 ± 1.6, 
P = 0.600), but the 3D group was rated significantly bet-
ter for the remaining items (P < 0.05). The visitors rated 
the 3D group significantly higher for each parameter 
in the satisfaction questionnaires (P < 0.05). The over-
all satisfaction scores were higher for the 3D group 
compared to the TM group for all groups of observers, 
including junior ophthalmology residents and trainee 
doctors (150.4 ± 22.7 vs. 130.9 ± 27.4, P = 0.043), trainee 
nurses (126.8 ± 20.4 vs. 91.7 ± 25.2, P < 0.001), and visi-
tors (71.0 ± 12.6 vs. 34.9 ± 12.4, P < 0.001) (see Fig. 2). The 
detailed responses of the observers to the questionnaire 
are shown in Table 2.

Discussion
In the present study, we compared the efficiency of the 
3D heads-up surgical system and the TM system in the 
context of medical education for vitreoretinal surgeries. 
Based on the results, the 3D heads-up surgical system 
was rated significantly higher in most of the subscales 
and overall satisfaction score by both teachers and 
observers. However, when it came to instrument adjust-
ment, the ratings were significantly higher in the TM 
group compared to the 3D group for junior ophthalmol-
ogy residents and trainee doctors.

In TM-assisted surgeries, the surgeons could only 
introduce and explain the surgical related details based 
on 2D images on the monitor. Also, only the surgeons 
can have a high-grade stereo view of the surgical field, 
while the remaining observers could not appreciate 
the depth of field and the 3D view necessary for a bet-
ter understanding of anatomical structure and surgi-
cal details. In contrast, the 3D heads-up surgical system 
allows all members of the surgical team to view the same 
live surgical image (see Fig. 1), which is especially helpful 
for observers who might not have access to a high-grade 
stereo view of the surgical field. Besides, its larger high-
resolution screen provides a better 3D view of the ana-
tomical structure and facilitated real-time instructions, 
which improves the teaching and learning experience. 
The present study found that the 3D heads-up surgi-
cal system was significantly superior to the TM system 
in terms of teaching/learning experience and comfort, 
including interest and enthusiasm in teaching/learning, 
teaching/learning atmosphere and interaction, deep and 
scientific thinking, the explanation/understanding of 
anatomical structure, comfort level of teaching/learning, 

Table 1 Comparison of teacher’s questionnaire scores between 
TM and 3D groups [This table should be placed below the first 
paragraph of the Results section]

TM 3D P
Clinical teaching surgeons (N = 10)

Interest and enthusiasm in 
teaching

5.1 ± 1.8 7.6 ± 1.5 0.003*

Teaching atmosphere and 
interaction

4.6 ± 1.6 7.9 ± 1.3 < 0.001*

Smooth communication 4.5 ± 1.5 8.1 ± 1.8 < 0.001*

Positive feedback 5.3 ± 1.7 8.2 ± 1.5 < 0.001*

Deep and scienctific thinking 5.6 ± 1.9 8.0 ± 1.2 0.003*

Expanding teaching contents 4.1 ± 1.5 8.5 ± 1.4 < 0.001*

The explanation of anatomi-
cal structure

5.8 ± 1.6 8.6 ± 1.1 < 0.001*

The explanation of surgical 
procedures

6.2 ± 1.3 8.2 ± 1.3 0.003*

The explanation of surgical 
cooperation

6.5 ± 1.5 7.2 ± 1.5 0.311

The quality of surgical 
presentation

5.8 ± 0.9 8.0 ± 1.2 < 0.001*

Satisfaction with surgical 
cooperation

7.7 ± 1.2 7.3 ± 1.4 0.502

Comfort level of teaching 6.0 ± 1.6 8.8 ± 0.9 < 0.001*

General satisfaction 5.5 ± 1.2 8.5 ± 0.9 < 0.001*

Overall score 72.7 ± 19.3 104.9 ± 17.0 < 0.001*

Clinical teaching nurses (N = 10)
Interest and enthusiasm in 
teaching

5.8 ± 1.4 9.0 ± 0.8 < 0.001*

Teaching atmosphere and 
interaction

4.8 ± 1.2 8.4 ± 1.1 < 0.001*

Smooth communication 4.4 ± 1.8 8.2 ± 0.9 < 0.001*

Positive feedback 6.5 ± 1.5 8.5 ± 1.4 0.006*

Deep and scienctific thinking 5.5 ± 1.4 8.6 ± 1.2 < 0.001*

Expanding teaching contents 4.8 ± 1.9 7.8 ± 1.9 0.002*

The explanation of surgical 
procedures

6.5 ± 2.0 8.5 ± 1.2 0.014*

The explanation of surgical 
cooperation

6.2 ± 1.0 8.4 ± 1.4 < 0.001*

The interpretation of surgical 
instrument

7.0 ± 1.5 7.2 ± 1.7 0.784

The quality of surgical and 
cooperative presentation

6.6 ± 1.4 8.2 ± 1.3 0.016*

Comfort level of teaching 5.5 ± 2.0 8.0 ± 1.1 0.003*

General satisfaction 5.0 ± 2.1 8.5 ± 1.2 < 0.001*

Overall score 68.6 ± 19.2 99.3 ± 15.2 < 0.001*

*P < 0.05

Abbreviations TM, traditional microscopic; 3D, three-dimensional
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Table 2 Comparison of observer’s questionnaire scores between TM and 3D groups [This table should be placed below the second 
paragraph of the Results section]

TM 3D P
Junior ophthalmology residents and trainee doctors (N = 15)

Interest and enthusiasm in learning 5.2 ± 1.3 8.7 ± 1.1 < 0.001*

Learning atmosphere and interaction 5.5 ± 1.5 8.9 ± 0.9 < 0.001*

Deep and scientific thinking 5.9 ± 1.6 8.1 ± 1.0 < 0.001*

The understanding of anatomical structure 5.4 ± 1.4 7.6 ± 0.9 < 0.001*

The understanding of surgical procedures 6.6 ± 1.4 7.4 ± 1.3 0.116
The understanding of surgical cooperation 6.2 ± 1.8 7.7 ± 1.1 0.010*

Active operation cooperation 7.9 ± 1.6 7.6 ± 1.4 0.589
Surgical Instrument recognition 8.1 ± 0.9 8.2 ± 1.2 0.798
Instrument adjustment 8.8 ± 1.1 6.1 ± 1.7 < 0.001*

Resolution of the surgical field 6.2 ± 1.8 8.7 ± 1.1 < 0.001*

Stereoscopic sensation 8.5 ± 1.6 8.3 ± 1.4 0.718
Magnification 6.1 ± 1.6 7.9 ± 1.3 0.002*

Depth of Field 8.3 ± 1.4 8.1 ± 1.6 0.718
Visual field 7.6 ± 1.3 7.3 ± 1.2 0.527
Time latency between surgical interventions and their visualization 8.5 ± 1.3 8.4 ± 1.1 0.822
Comfort level of learning 6.4 ± 1.8 8.8 ± 0.9 < 0.001*

General satisfaction 7.1 ± 1.2 8.3 ± 1.0 0.006*

The confidence in mastery of surgical procedures 5.5 ± 1.5 6.9 ± 1.3 0.011*

Exam Score 7.1 ± 1.3 7.4 ± 1.2 0.517
Overall score 130.9 ± 27.4 150.4 ± 22.7 0.043*

Trainee nurses (N = 15)
Interest and enthusiasm in learning 5.4 ± 2.0 7.1 ± 1.5 0.014*

Learning atmosphere and interaction 6.1 ± 1.1 7.7 ± 1.2 < 0.001*

Deep and scientific thinking 5.8 ± 1.3 8.2 ± 1.7 < 0.001*

The understanding of anatomical structure 4.4 ± 2.0 6.7 ± 1.8 0.003*

The understanding of surgical procedures 5.7 ± 1.3 7.2 ± 1.4 0.005*

The understanding of surgical cooperation 6.6 ± 1.0 8.4 ± 0.9 < 0.001*

Surgical Instrument recognition 7.2 ± 1.2 8.5 ± 0.9 0.002*

Instrument preparation 7.7 ± 1.4 7.8 ± 1.6 0.857
Active operation cooperation 7.4 ± 1.6 7.7 ± 1.5 0.600
The quality of surgical observation 4.2 ± 2.1 8.5 ± 0.8 < 0.001*

Comfort level of learning 5.6 ± 1.6 8.7 ± 0.8 < 0.001*

Visual field 5.1 ± 1.6 8.2 ± 1.1 < 0.001*

Stereoscopic sensation 3.9 ± 1.8 8.3 ± 1.0 < 0.001*

General satisfaction 5.1 ± 2.0 8.2 ± 1.3 < 0.001*

The confidence in mastery of surgical procedures 6.2 ± 1.9 7.9 ± 1.4 0.009*

Exam Score 5.3 ± 1.3 7.7 ± 1.5 < 0.001*

Overall score 91.7 ± 25.2 126.8 ± 20.4 < 0.001*

Visitors (N = 15)
Interest and enthusiasm in observation 3.9 ± 2.1 8.1 ± 1.1 < 0.001*

Learning atmosphere and interaction 4.2 ± 1.3 7.8 ± 1.8 < 0.001*

Deep and scientific thinking 3.4 ± 1.5 8.0 ± 1.3 < 0.001*

The understanding of anatomical structure 3.6 ± 1.0 7.6 ± 1.7 < 0.001*

The understanding of surgical procedures 4.1 ± 1.4 7.7 ± 1.5 < 0.001*

The quality of surgical observation 4.2 ± 1.2 8.1 ± 1.1 < 0.001*

Visual field 4.4 ± 1.3 7.0 ± 1.8 < 0.001*

Stereoscopic sensation 3.1 ± 1.1 8.2 ± 1.0 < 0.001*

General satisfaction 4.0 ± 1.5 8.5 ± 1.3 < 0.001*

Overall score 34.9 ± 12.4 71.0 ± 12.6 < 0.001*

*P < 0.05

Abbreviations TM, traditional microscopic; 3D, three-dimensional
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and general satisfaction. Previous studies also reported 
the superior educational value of the 3D system over the 
TM system [17–19]. These findings suggested that the 
3D heads-up surgical system could enhance observers’ 
understanding and knowledge retention of vitreoretinal 
surgeries by enabling them to view more surgical details 
with more comfortable experience.

The present study found no statistically significant dif-
ference between 3D and TM systems on the subscales 
of “surgical instrument recognition”, “instrument prepa-
ration”, and “the interpretation of surgical instrument” 
as rated by junior ophthalmology residents and trainee 
doctors, trainee nurses, and clinical teaching nurses, 
respectively. Similarly, Palácios et al. [20] reported simi-
lar technical feasibility between the two systems based 
on satisfaction questionnaires. Del Turco et al. [15] 
conducted a retrospective observational case series to 
investigate surgeon preferences for 3D and TM systems 
when performing retina, cataract, and corneal surger-
ies. Around 30% of surgeons found that the 3D surgical 
system was as simple as the TM system, which may be 
attributed to the similar complexity of surgical instru-
ments used in both systems.

The controversy surrounding the comparison of sys-
tem-related indexes between 3D and TM surgical sys-
tems has been ongoing for a while. The visual field, which 
refers to the maximum area visible at any given moment 
and is inversely proportional to magnification, has been 
a major point of contention. While some studies have 

reported a better field of view in the 3D heads-up sys-
tem and higher depth of field even under high magnifi-
cation regardless of the area focused, [1, 6, 18] others 
have reported no statistically significant difference in the 
visual field, depth of field, and image resolution between 
the 3D heads-up surgical system and the TM system [20]. 
The inconsistent findings in these studies may be attrib-
uted to various factors, such as the difference in surgical 
instrumentations, categories of surgeries, and the role of 
the respondents. The Alcon NGENUITY® 3D Visualiza-
tion System was associated with significantly higher reso-
lution of the surgical field, higher magnification, higher 
visual field, and better stereoscopic sensation than the 
TM system, according to observers in the present study, 
which is consistent with a previous study [7]. Interest-
ingly, in an experimental study conducted by Eckardt et 
al. [1], most of the volunteers found that 3D images were 
sharper and with equal or higher resolution than TM 
images, despite the measurement of the resolution of 
TM with eyepieces being higher than the 3D system. This 
may be explained by the fact that all the light is sent to 
the camera in the 3D heads-up system by removing the 
eyepieces, which improves the quality of digital images.

It appears that the use of the 3D heads-up system dur-
ing surgeries resulted in discomfort and lower scores in 
the subscale of “instrument adjustment” among junior 
ophthalmology residents and trainee doctors, who acted 
as the first assistants. The discomfort was caused by the 
need to uncomfortably rotate their heads to look at the 

Fig. 2 The overall satisfaction scores of teachers and observers to the TM and 3D groups
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screen and bear the inconsistent directions of the screen 
and instrument, which further increased the difficul-
ties of performing the 3D heads-up surgery. Addition-
ally, the uncomfortable ergonomics of the head position 
may have contributed to lower satisfaction scores of the 
3D heads-up system in “operation cooperation” rated 
by junior ophthalmology residents and trainee doctors, 
although without statistical significance. Zhao et al. [7] 
and Rizzo et al. [14] have also reported dissatisfaction 
among the first assistants with the comfort or operation 
cooperation when evaluating the perceptions of the sur-
gical team to the 3D heads-up surgical system. Recently, 
Bausch + Lomb, in collaboration with Heidelberg Engi-
neering, introduced the innovative 3D heads-up surgical 
visualization platform, SeeLuma™. This platform features 
a C-shaped arm, enabling the screen to be positioned in 
front of the surgeon without obstruction from the cam-
era. Additionally, this system supports multiple wireless 
displays, potentially offering the first assistant an addi-
tional screen. This feature may alleviate the discomfort 
experienced when using our current 3D heads-up sys-
tem. Further improvements are needed in the near future 
to make the 3D system more comfortable for every mem-
ber of the surgical team.

The high-resolution screen was placed approximately 
2.2  m away from the surgeons when performing 3D 
heads-up surgeries. It appears that there are pros and 
cons to using the 3D heads-up surgical system versus TM 
system of looking down through eyepieces during sur-
gery. One advantage of the heads-up system is that sur-
geons can more conveniently receive instruments from 
scrub nurses by observing from the corners of their eyes, 
which may improve operational efficiency. However, 
there is a disadvantage in that surgeons are more suscep-
tible to being disturbed by the movements of other mem-
bers in the operating room because they were not close 
enough to the 3D screen [21]. This can be particularly 
problematic during delicate surgical procedures. There-
fore, it is important for surgeons to carefully consider 
the advantages and disadvantages of each system before 
deciding which to use for a given procedure.

Several limitations should indeed be considered when 
interpreting the findings. First, the sample size in this 
study was limited, which may not necessarily represent 
the broader population and might have limited gener-
alizability. Furthermore, while the study provided valu-
able insights into the implementation of the 3D heads-up 
surgical system in the medical education of vitreoretinal 
surgeries, it did not investigate its efficiency in teaching 
and learning specific types of surgeries. Therefore, future 
researches are warranted to examine its value in teaching 
different surgical techniques and determine if the system 
is more effective for some surgeries than others.

Conclusions
In summary, the 3D heads-up surgical system was supe-
rior to TM surgery in most subscales and overall scores 
in satisfaction questionnaires rated by teachers and 
observers. However, it showed inferiority in instrument 
adjustment rated by junior ophthalmology residents and 
trainee doctors. Overall, the study demonstrates that the 
3D heads-up surgical system has great didactical value 
in the medical education of vitreoretinal surgeries, but 
it is important to consider the specific needs of different 
learners when choosing between the two systems.

Abbreviations
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MH  macular hole
PPV  pars plana vitrectomy
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