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INTRODUCTION

The sitting position is favorable for microsurgical procedures applied to posterior midline 
pathologies with supra- or infratentorial localization.[2,4-10] In general, working with outstretched 
arms is exhausting,[3] especially for prolonged periods of time, as is required for certain procedures, 
even if there is an armrest to support the lower arm or wrist [Figure 1]. The possibility of flexion in the 
elbow joint helps to reduce strain and increase comfort when working with the arms held forward. 
However, the need for arm extension depends on the ocular-corpus length of the neurosurgical 
microscope being used. A shorter microscope corpus provides more favorable intraoperative 
ergonomics for surgical practice and can improve the device’s comfort of use and handling in the 
hands of the microneurosurgeon. In particular, the ocular-corpus distance determines the length of 
the load arm, while the insertion points of the muscles determine the length of the effort arm; these 
are given anatomically, in the application of the law of the lever [Figure 2]. 

ABSTRACT
Background: The sitting position is favorable for microsurgical procedures applied to posterior midline 
pathologies in both the supra- and infratentorial regions. The dimensions of the microscope corpus affect the 
device’s comfort and handling in the hands of the microneurosurgeon for such procedures. A shorter microscope 
corpus provides more favorable intraoperative ergonomics for surgical practice.

Methods: Evaluation of the most comfortable microscope for its application in microsurgical procedures in the 
sitting position as determined by ocular-corpus length.

Results: Six modern surgical microscopes were tested and evaluated regarding their ocular-corpus lengths and 
working distances: the Mitaka MM90, Zeiss Kinevo 900, Zeiss Pentero 900, Leica M530, Zeiss Neuro NC4, 
and Möller-Wedel Hi-R 1000. The ocular-corpus lengths vary between 270 and 380 mm. The Mitaka MM90 
microscope has the shortest ocular-corpus length at 270 mm.

Conclusion: The ocular-corpus length determines the predominant part of the lever arm, which affects the fatigue 
of the surgeon. By virtue of its short ocular-corpus length, the Mitaka MM90 is currently the most favorable 
microscope for microsurgical procedures using a sitting position. 
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Möller-Wedel Hi-R 1000 microscopes are given in [Table 1]. 
The ocular-corpus length varies between 270 mm and 
380 mm. The useable working distance regarding the optical 
focus is between 200 mm and 625 mm. The Mitaka MM90 
microscope has the shortest minimal working distance 
(ocular to the surgical field) at 470 mm [Figure 4].

DISCUSSION

The sitting position is favorable for the microsurgical 
treatment of supra- and infratentorial pathologies.[2,4-10] 
Working with elevated and outstretched arms is demanding 
for the acting surgeon, especially for prolonged or 
technically complicated procedures. For these types of 
procedures, avoiding or mitigating increasing physical 
fatigue is critical for the surgeon to make the precise and 
finely controlled movements required during surgery, even 
after several hours of continuous operation. Flexion of the 

The aim of this report is to evaluate the most comfortable 
microscope for its application in microsurgical procedures in 
the sitting patient position, as determined by ocular-corpus 
length.

MATERIALS AND METHODS

The currently most frequently used neurosurgical microscopes 
were evaluated: specifically, the Mitaka MM90, Zeiss Kinevo 
900, Zeiss Pentero 900, Leica M530, Zeiss Neuro NC4, and 
Möller Hi-R 1000. To that end, a horizontal microscope 
position was established, and the ocular-corpus length 
measured [Figure 3]. The working distances were given by the 
manufacturers.

RESULTS

Six modern surgical microscopes were tested and evaluated 
regarding their ocular-corpus lengths and working distances. 
The measurement data from the Mitaka MM90, Zeiss Kinevo 
900, Zeiss Pentero 900, Leica M530, Zeiss Neuro NC4, and 

Figure 2: Schematic drawing of a one-sided lever (F1, load [gravity]; 
r1, length of the load arm; F2, effort [arm strength]; r2, length of the 
effort arm).

Figure 1: Intraoperative photograph of the Zeiss Pentero 900 in the 
horizontal position. This photograph demonstrates the important 
aspects during microsurgical procedures in the sitting position 
that determines the comfort level of the acting neurosurgeon, such 
as wrist support (asterisk), flexion of the elbow joint (white line), 
and the significant influence of the ocular-corpus length of the 
microscope (A) on the length of the load arm (A + B; red line).

Figure  4: The Mitaka MM90 demonstrates the shortest ocular-
corpus length in the horizontal position, at 270 mm.

Figure 3: Example measurement of the ocular-corpus length with a 
folding ruler.
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Table 1: Ocular-corpus lengths and working distances of common surgical microscopes.

Microscope Ocular-corpus length Working distance  
(corpus to the surgical field)

Minimal working distance 
(ocular to the surgical field)

Mitaka MM90 270 mm 200–600 mm 470 mm
Zeiss Kinevo 900

(Tiltable tube) 340 mm 200–625 mm 540 mm
(Foldable tube) 310 mm 200–625 mm 510 mm

Zeiss Pentero 900
(Tiltable tube) 340 mm 200–500 mm 540 mm
(Foldable tube) 310 mm 200–500 mm 510 mm

Leica M530 OHX 330 mm 225–600 mm 555 mm
Zeiss Neuro NC4 380 mm 200–420 mm 580 mm
Möller-Wedel Hi-R 1000 370 mm 218–509 mm 588 mm

elbow joint shortens the lever arm, reducing torque on the 
shoulder and alleviating the strain on the proximal arm 
muscles. 

The maximum possible degree of elbow flexion is governed 
by the ocular-corpus length as well as the space required 
to insert the relatively long microsurgical instruments 
through the surgical corridor to access, for example, 
the pineal region [Figure  1]. Continuing this example, 
instruments for operations in the pineal region are often 
up to 230 mm in length. If we remind ourselves that the 
functional human arm length is approximately 649 mm, 
with a variance between 599 mm (5% confidence interval) 
and 701 mm (95% confidence interval)[1] and that a large 
portion of this functional arm length is already necessary 
for the proper handling of these instruments based on 
the lower bound of their working distance ranges as 
detailed by manufacturers, the ocular-corpus length is 
the determining factor for the possible degree of flexion 
in the elbow joint and therefore the overall ergonomics 
of microscope operation. In comparison with other tested 
microscopes, the Mitaka MM90 has a length advantage of 
40 mm, with an approximately 12% shorter ocular-corpus 
length and therefore has a significant advantage compared 
to the others with regard to surgical ergonomics. The 
described shortening of the lever arm by reduction of the 
ocular-corpus length results in a significant decrease in the 
required lifting force, which leads to slower fatigue of the 
arm and shoulder muscles.

CONCLUSION

According to the law of the lever, a significant shortening 
of the length of the load arm while maintaining the length 
of the effort arm can significantly reduce the fatigue of 
the shoulder muscles. By virtue of its short ocular-corpus 
length, the Mitaka MM90 microscope is currently the most 
favorable microscope for microsurgical procedures using a 

sitting position. The construction of compact microscopes 
is ergonomically desirable for microsurgery using a sitting 
position.

Declaration of patient consent

Patient’s consent not required as patients identity is not 
disclosed or compromised.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1.	 Flügel B, Greil H, Sommer K. Antropologischer Atlas. Berlin, 
Germany: Verlag Tribüne; 1986.

2.	 Hernesniemi J, Romani R, Albayrak BS, Lehto H, Dashti R, 
Ramsey C 3rd, et al. Microsurgical management of pineal 
region lesions: Personal experience with 119 patients. Surg 
Neurol 2008;70:576-83.

3.	 Kim JY, Chung MK, Park JS. Measurement of physical work 
capacity during arm and shoulder lifting at various shoulder 
flexion and ad/abduction angles. Hum Factors Ergon Manuf 
2003;13:153-63.

4.	 Konovalov AN, Pitskhelauri DI. Infratentorial supracerebellar 
approach to the colloid cysts of the third ventricle. 
Neurosurgery 2001;49:1116-22.

5.	 Konovalov AN, Pitskhelauri DI. Principles of treatment of the 
pineal region tumors. Surg Neurol 2003;59:250-68.

6.	 Pitskhelauri DI, Konovalov AN, Shekutev GA, Rojnin NB, 
Kachkov IA, Samborskiy DY, et al. A novel device for hands-
free positioning and adjustment of the surgical microscope. J 
Neurosurg 2014;121:161-4.

7.	 Saladino A, Lamperti M, Mangraviti A, Legnani FG, Prada FU, 
Casali C, et al. The semisitting position: Analysis of the risks and 



Goehre, et al.: Sitting microscope

Surgical Neurology International • 2020 • 11(244)  |  4

surgical outcomes in a contemporary series of 425 adult patients 
undergoing cranial surgery. J Neurosurg 2017;127:867-76.

8.	 Yonekawa Y, Imhof HG, Taub E, Curcic M, Kaku Y, Roth P, 
et al. Supracerebellar transtentorial approach to posterior 
temporomedial structures. J Neurosurg 2001;94:339-45.

9.	 Yonekawa Y, Roth P, Fandino J, Landolt H. Aneurysms of 
the posterior cerebral artery and approach selection in their 
microsurgical treatment: Emphasis on the approaches: SAHEA 
and SCTTA. Acta Neurochir Suppl 2011;112:85-92.

10.	 Yonekawa Y. Posterior circulation EC-IC bypass via 
supracerebellar transtentorial SCTT approach applied 
in a young patient with congenital multiple occlusive 
cerebrovascular anomalies-case report and technical note. 
Acta Neurochir Suppl 2010;107:89-93.

How to cite this article: Goehre F, Ludtka C, Schwan S. Ergonomics of 
surgical microscopes for the sitting position as determined by ocular-
corpus length. Surg Neurol Int 2020;11:244.


