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Abstract 
Endoscopic spine surgery has evolved exponentially. However, the two-dimensional (2D) view results in lack of stereoscopic vision and 
depth perception, contributing to the steep learning curve. This case report recounts a world first trial of a three-dimensional (3D) 
endoscopic system that converts 2D to 3D images and explores its potential role in the surgical management of degenerative lumbar 
spine diseases. The 3D endoscopic system was used for two patient cases and both 2D and 3D images were displayed side by side and 
compared. Advantages of the 3D endoscopic system include increased perception of depth, rapid identification of bleeding points, and 
greater visualization of anatomical details. Field of view and exposure were identical in 2D and 3D views. Limitations include costs 
and need for additional equipment. Overall, 3D endoscopy improved depth perception, instrument manoeuvrability, and recognition of 
anatomical details. This case report can guide further research and training in endoscopic spine surgery. 
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Introduction 
Endoscopic spine surgery has evolved exponentially in the past 
30 years [1]. Historically, the main indication for endoscopic spine 
surgery was lumbar disc herniation. Since then, endoscopes, tech-
nology, and optics have improved to target a broader range of 
indications along the entire spine [2, 3]. However, endoscopic spine 
surgery has a steep learning curve, and there is also currently no 
formalized training program for surgeons to learn the technique 
[4]. One of the main challenges of conventional endoscopic spine 
surgery is the two-dimensional (2D) view, resulting in a lack of 
stereoscopic vision and depth perception of the surgical field. 
Consequently, surgeons are required to acquire the psychomotor 
skills to work with 2D images [5, 6]. Although surgeons have 
shown interest in endoscopic spine surgery for skill development 
and to improve patient recovery, they have also identified that the 
limited visualization requires ongoing training [7]. 

More recently, three-dimensional (3D) endoscopes have been 
used in other fields including otolaryngology surgery and laparo-
scopic surgery and facilitated improved depth perception, as well 
as increased precision for surgeons in their early stages of train-
ing. However, it was identified that 2D endoscopes are lighter, 
have better handling, and are more user-friendly, making them 
more feasible for routine endoscopic approaches compared to 

3D endoscopes. In addition, 3D endoscopes have an increased 
diameter, which is opposite to the philosophy of minimal access 
in spine endoscopy [8–10]. 

This case report recounts a world first trial of a 3D endoscopic 
system that converts 2D images to 3D images using custom 
algorithms, allowing for a 3D view of the surgical field without 
the need for a 3D endoscope. The aim of this case report is to 
explore the role of this new 3D endoscopic system for surgical 
management of degenerative lumbar spine diseases. 

Case report 
Materials and methods 
The 3D endoscopic system was used for two patient cases: 
(1) radiofrequency ablation (RFA) for facetogenic pain and 
(2) L4/5 endoscopic decompression for spinal stenosis. Informed 
consent was obtained from both patients in this case report prior 
to participation. The Endoscopic Spine system used for both cases 
included the Uniportal Elliquence (New York) Endoscopic system, 
a 6.3 mm scope for the RFA, and a 10 mm scope for the spinal 
stenosis. Additional equipment included a drill, radiofrequency 
probe, and instruments provided by Matrix Medical Innovations 
(Sydney, Australia).
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Figure 1. Darwin 3D endoscopic system developed by MedicalTek 
Co., Ltd. 

Figure 2. (a) 3D monitor (left) and 2D monitor (right); (b) operating 
theatre setup and polarization glasses worn to view 3D images. 

Both interventions were performed using standard endoscopic 
techniques, with the addition of visualization using 3D vision. 

3D endoscopic system 
The Darwin 3D Endoscopic System (Fig. 1) developed by Medical-
Tek Co., Ltd in Taiwan, was trialled in the surgical procedures for 
these two patient cases. The system allowed for the use of existing 
2D endoscopes, whereby 2D endoscopic images were displayed 
on a 2D monitor. The 3D endoscopic system used an algorithm 
that inputs these 2D images and analyses the light reflection and 
refraction to output 3D images in real time. These 3D images 
were displayed on a 3D monitor and visualized using polarization 
glasses. Consequently, both 2D and 3D images were displayed side 
by side in the operating theatre and were compared (Fig. 2a and b). 

Discussion 
This case report explores a world-first trial of a 3D endoscopic 
system that converts 2D endoscopic images to 3D images in real 
time, for use in endoscopic spine surgery. Both patients were 
discharged on the same day without complication. 

Subjective advantages of the 3D endoscopic system identified 
by the senior neurosurgeon (RJM) include increased perception 
of depth and spatial relationships between structures, as well 
as rapid identification of bleeding points. Additionally, there was 
improved navigation and manoeuvrability of instruments includ-
ing drills and Kerrison punch forceps. Meanwhile, field of view and 
exposure were identical in both the 2D and 3D views. Advantages 
identified by the operating theatre staff include improved under-
standing of the procedure due to greater visualization of anatom-
ical details. However, limitations of the 3D endoscopic system 
include the additional costs and need for equipment including 
an additional 3D system and 3D monitor. Another disadvantage 
is the need to constantly wear polarizing glasses, which darkens 
the surgical field and may cause dizziness [11]. 

As the steep learning curve associated with endoscopic spine 
surgery is a major reason inhibiting widespread implementation, 
the 3D endoscopic system may be useful for teaching and training, 
especially during early stages. It may also have the potential 
to reduce the learning curve associated with endoscopic spine 
surgery by improving visuospatial orientation [12]. Additionally, 
this system bridges the gap between 2D and 3D endoscopy as it 
does not require surgeons who are currently using 2D endoscopes 
to become familiar with 3D endoscopes, and allows them to 
maintain comfortability with existing scopes, while benefiting 
from enhanced depth perception. 

Conclusion 
Overall, this case report shows that 3D endoscopy is a valuable 
learning tool and technique in the surgical management of spine 
disease by improving depth perception, manoeuvrability of instru-
ments, and recognition of anatomical details. Before widespread 
implementation, confirmation through case series and analysis 
of long-term patient outcomes is required to gain a more detailed 
evaluation of the advantages and limitations of this new technol-
ogy including accuracy and safety. 
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