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Abstract 

 
Objective: We tested 4 different exoscopes and compared them 

to each other and to the operating microscope (OM) to evaluate 

if exoscopes can replace OM in Neurosurgery at present time.  

 

Methods: The exoscopes were tested in the lab and in the 

operating room. The systems were available for testing for 

several weeks at our department. We compared the exoscopes 

to each other and to the OM. The exoscopes were used in 

standard cranial and spinal procedures. All Neurosurgeons of 

the department had the chance to use the exoscopes and to 

evaluate them.  

 

Results: Each surgeon in the department was trained in the lab 

to use the exoscopes. After each procedure, the exoscope was 

evaluated by the surgeon with a questionnaire. Overall, the 

exoscopes achieved better scores than the OM, especially 

regarding ergonomics, visualization, and viewing angles. With 

the training in the lab, there was a shallow learning curve. None 

of the attending neurosurgeons switched back to the OM during 

any procedure. Nevertheless, there were significant differences 

between the different exoscopes. 

 

Conclusion: After testing the exoscopes in different 

neurosurgical procedures, we decided to replace our OM with 

an exoscope. In our opinion, the advantages of the exoscopes 

outweigh the drawbacks. We are convinced that over time and 

with future developments, exoscopes will replace OM and will 

add a new dimension in neurosurgical practice. 

 

Keywords: Exoscope; operating microscope; optical quality, 

ergonomics 

Introduction 
 

      Operating microscopes (OM) have been the workhorse for 

neurosurgical imaging since the late 1960s and have led to new 

neurosurgical procedures, new techniques, and instruments 

through improved visualization, better illumination, and 

magnification of the operating field (1–4).  

 

      Over the years, OM was improved, and additional features 

were added, like the integration of neuronavigation and 

fluorographic imaging for oncologic and vascular neurosurgery 

(5–11). In recent years, exoscopes were developed and 

introduced to neurosurgical practice as an alternative to the 

established OM (12–23). Compared to microscopes, which are 

analog systems by design, exoscopes are digital systems. 

Currently available exoscopes share some common features, 

but also show differences among them. The images created bz 

exoscopes are presented via monitors to the surgeon and the 

Operating room staff. Exoscopes have already demonstrated 

their usefulness in different surgical specialties, such as ENT, 

general surgery, plastic surgery, and orofacial surgery (23–32). 

 

Material and methods 
 

      We tested 4 different exoscopes, for several weeks each, at 

our department. Before operating with the exoscope, we offered 

serval days of practice with the particular exoscope in the lab. 

The 4 tested exoscopes were the RoboticScope® (RS; BHS 

Technologies GmbH, Innsbruck, Austria), Aesculap Aeos® 

(Braun, Meslungen, Germany) the VITOM® 3D (Karl Storz SE 

& Co. KG, Tuttlingen, Germany) and the ORBEYE  

(Olympus, Tokyo, Japan). The goal was to evaluate if 

Exoscopes can at this time replace a neurosurgical operating 
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microscope. All tested exoscopes share some common features 

but differ in other features. Compared to the OM, all exoscopes 

are fully digital systems with digital picture processing and all 

of them use an LED light source. Eeoscopes use monitors, 

instead of oculars, to display the image. 

 

            The RoboticScope uses a head-mounted display with 2 

screens in front of the surgeon´s eye to generate a 3-dimensional 

(3D) image. The camera is mounted on a robotic arm, which is 

controlled by specified movements of the surgeon’s head. The 

functions of the RoboticScope are controlled with a footswitch 

and by head movement. It is a true hands-free system. The 

RoboticScope does not feature intraoperative fluorescence. 

 

      The Vitom system is based on an endoscopic system. The 

camera is mounted on a holding arm, which is moved manually. 

Functions of Vitom are controlled by jog wheel. Vitom 3D does 

not offer intraoperative fluorescence. 

 

      The camera of the Aeos exoscope is mounted on a robotic 

arm, which can be controlled by footswitch or via 2 separate 

keypads mounted on each of the handgrips of the unit. It offers 

intraoperative fluorescence for oncologic and vascular 

procedures. 

 

      The camera of the Orbeye system is a semi-robotic system, 

which can be controlled single handedly. It is equipped with 

intraoperative fluorescence for oncologic and vascular 

procedures. Optical functions can be controlled using a 

footswitch. 

 

      Vitom, Aeos and Orbeye use a 3D screen and polarized 

glasses for 3D-viewing. None of the exoscopes can be 

connected to a neuronavigation system. 

 

      After each procedure, the respective surgeon filled out a 

questionnaire which included picture quality, illumination, 

ergonomics, additional features when used, eyestrain, 

magnification and whether the surgeon would use the exoscope 

for this procedure again. 

 

 
  

Figure 1: A) RoboticScope, during spinal procedure using head-mounted displays, B) Aeos, displaying possible extreme viewing 

angles in posterior fossa surgery, C) Vitom 3D, in convexity meningioma surgery, D) Orbeye, in skull base meningioma surgery 

 

 

 

 

 

 



 

 

3 | Journal of Surgery, Operative Techniques and Anesthesia, Volume 2024, Issue 01 

Copyright: © 

2024 R. Regatschnig* 

* 

 

Exoscopes, a new dimension in Neurosurgery? 

Results 
 

      Every surgeon of the department had the chance to test 

every exoscope in the lab and in the operating room. With all 

exoscopes, we performed standard cranial and spinal 

neurosurgical procedures. The surgeons were free to use the 

exoscopes for any procedure. During our test, no surgeon 

converted back to the operating microscope. The only 

procedure we did not perform with an exoscope during the 

period of testing the systems were vascular cases. With the 

practice in the lab the learning curve was shallow. In the lab, 

we tried to figure out the best position of the exoscope and the 

monitors for the different procedures. Nevertheless, in some 

cases, we had to reposition the exoscope or the monitors 

intraoperatively. The operating time was equal to procedures 

performed with the OM. There were no complications related 

to the use of the exoscope. We did not experience any technical 

failure of any of the systems. According to the questionnaire, 

the satisfaction with image quality, magnification and 

illumination was higher with exoscopes than with microscopes. 

In some procedures, image quality was an issue. However, most 

of the time the problem could be resolved by repositioning the 

monitor. The position of the monitor played a crucial role in 

picture quality. There was a direct relation between eyestrain 

and picture quality. Ergonomics was rated high regardless of 

the operation. There was no surgeon who would not operate the 

same procedure again using an exoscope. Overall, the surgeons 

felt more comfortable with the exoscope during cranial than 

spinal procedures. 

 

      The RoboticScope provides good picture quality, and the 

control of the robotic arm with head movement works well. The 

main drawback of this system is the weight of the helmet-

mounted displays for longer procedures, and the lack of 

fluorographic imaging. Due to the helmet-mounted displays, 

situational awareness is reduced, and some surgeons reported 

that they lost orientation during the procedure. The Vitom 3D 

is user-friendly and easy to use. It only features digital zoom, 

which is a drawback. Due to its small size, it works well for 

superficial pathologies. The Aeos is most comparable to an 

OM. By controlling the Exoscope with a footswitch there is no 

need to control the Exoscope by hand. Particularly useful is the 

implementation of 5-ALA fluorographic imaging, where the 

surgeon can digitally blend imaging modalities to operate under 

white light and fluorescence simultaneously. The lock-on-

target function improves ergonomics significantly. The picture 

quality of the orbeye is excellent. The semi-robotic arm made it 

difficult to position the Orbeye in some situations. Fluoroscopic 

imaging with Orbeye worked equally well as with OM. 

 

Discussion 
 

      This studies confirms that, when compared to the OM, 

picture quality and depth of field of exoscopes were at least 

equivalent, which has been confirmed by serval studies (13–15, 

18, 33, 34). Digital image processing allows for adapting of the 

image to the situation and to the surgeon’s preference. The 

ergonomics of all exoscopes were rated higher compared to the 

OM, which has been reported in several previous publications 

(35–41). All tested exoscopes allow for greater viewing angles, 

which may allow for smaller approaches. LED light sources 

used in exoscopes are an improvement compared to the Xenon 

light of OM. Using LED light, we experienced less radiating 

heat and thus less drying of the tissue within the operating field. 

The visualization of the operating field on a 3D screen may also 

improve education (42–44). The missing integration of 

neuronavigation is a clear drawback of exoscopes compared to 

OM. Ratings for cranial procedures were higher than for spinal 

procedures.  

  

Conclusions 
 

      After testing several exoscopes, we conclude that in our 

opinion, the advantages of available exoscopes already 

outweigh the disadvantages. The digital nature of image 

processing allows for further development and improvements. 

We are convinced that Exoscopes will replace OM in the future. 

With integration of neuronavigation, improvement in user 

interfacing and further improvement in visual quality, 

exoscopes may replace more OM in the next couple of years. 
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