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INTRODUCTION

Knowledge of patient’s anatomy is essential in neurosur-
gical procedures. Neuronavigation systems are image-guided, 
computer-assisted systems that provide a three-dimensional 
(3D) view of patient-specific anatomy. These systems are 

practical in preoperative planning and intraoperative naviga-
tion [1,2], especially in cases in which neurovascular structures 
are displaced by space-occupying lesions. Neuronavigation 
systems can also be used as an educational tool for training 
neurosurgical residents [2,3], to facilitate the complex and 
time-consuming process of learning neuroanatomy and sur-
gical skills [2-4]. In addition, they can be used as a research 
tool in anatomical studies. The application of neuronavigation 
systems in training and research is especially important, as 
time, money and cadaver specimens are limited in such cir-
cumstances [3].

*Corresponding author: Guenther C. Feigl, Department of Neurosurgery, 
General Hospital Klinikum Bamberg, Buger Straße 80, 96049 Bamberg, 
Germany. Phone: +49-951-503-12181; Fax: +49-951-503-12189. 
E-mail: guenther.feigl@web.de

Submitted: 15 August 2018/Accepted: 1 September 2018

Feasibility and accuracy of a voxel-based neuronavigation 
system with 3D image rendering in preoperative 

planning and as a learning tool for young neurosurgeons, 
exemplified by the anatomical localization of the superior 

sagittal sinus
Guenther C. Feigl1,2*, Firas Thaher3, Sören Danz4, Marcos Tatagiba2, Anne K. Hickmann3, Antje Fahrig5, 

Tomaz Velnar6,7, Marcel Kullmann2

1Department of Neurosurgery, General Hospital Klinikum Bamberg, Bamberg, Germany, 2Department of Neurosurgery, University of 
Tuebingen Medical Center, Tuebingen, Germany, 3Department of Neurosurgery, Katharinenhospital, Klinikum Stuttgart, Stuttgart, 
Germany, 4Department of Neuroradiology, University of Tuebingen Medical Center, Tuebingen, Germany, 5Department of Radiotherapy 
and Radiooncology, General Hospital Klinikum Bamberg, Bamberg, Germany, 6Department of Neurosurgery, University Medical Centre 
Ljubljana, Ljubljana, Slovenia, 7Alma Mater Europaea – European Center Maribor (AMEU-ECM), Maribor, Slovenia

ABSTRACT

It is essential for a neurosurgeon to know individual anatomy and the corresponding anatomical landmarks before starting a surgery. Continuous 
training, especially of young neurosurgeons, is crucial for understanding complex neuroanatomy. In this study, we used a neuronavigation sys-
tem with 3D volumetric image rendering to determine the anatomical relationship between the sagittal suture and the superior sagittal sinus 
(SSS) in patients with intracranial lesions. Furthermore, we discussed the applicability of such system in preoperative planning, residency 
training, and research. The study included 30 adult patients (18 female/12 male) who underwent a cranial computed tomography (CT) scan 
combined with venous angiography, for preoperative planning. The position of the sagittal suture in relation to the SSS was assessed in 3D CT 
images using an image guidance system (IGS) with 3D volumetric image rendering. Measurements were performed along the course of the 
sagittal sinus at the bregma, lambda, and in the middle between these two points. The SSS deviated to the right side of the sagittal suture in 50% 
of cases at the bregma, and in 46.7% at the midpoint and lambda. The SSS was displaced to the left of the sagittal suture in 10% of cases at the 
bregma and lambda and in 13% at the midpoint. IGSs with 3D volumetric image rendering enable simultaneous visualization of bony surfaces, 
soft tissue and vascular structures and interactive modulation of tissue transparency. They can be used in preoperative planning and intraop-
erative guidance to validate external landmarks and to determine anatomical relationships. In addition, 3D IGSs can be utilized for training of 
surgical residents and for research in anatomy.
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The sagittal suture is regarded as an external landmark of 
the superior sagittal sinus (SSS) [1], although cadaveric stud-
ies show that the SSS is deviated to the right of the sagittal 
suture [5,6]. In this study, we used a neuronavigation system 
with 3D volumetric rendering of CT data to determine the 
spatial relationship between the sagittal suture and the SSS in 
patients with intracranial lesions. Furthermore, we discussed 
the applicability of such system in preoperative planning, train-
ing of neurosurgical residents, and in anatomical research.

MATERIALS AND METHODS

Patients

This retrospective study included 30 adult patients 
(18  female/12  male) who underwent a cranial computed 
tomography (CT) scan combined with venous angiography, 
for preoperative planning. The mean age of patients was 
52.5  years (range: 17–86  years). We included only patients 
without a parasagittal lesion or mass effect causing a midline 
shift of the brain and excluded patients with a skull deformity, 
such as hyperostosis or abnormal SSS.

Each patient received a high-resolution CT scan com-
bined with venous angiography, which was performed on a 
multislice Somatom Plus 4 CT scanner (Siemens, Erlangen, 

Germany). The following examination protocol was applied: 
nonionic contrast medium (100 ml of 300 mg/ml solution) was 
injected with a pump into the cubital vein at a rate of 3.5 ml/s. 
After a delay of 28 to 37 seconds, 100 to 120 helical scans were 
acquired at 1 mm/s table-forward speed (1024 matrix, 120 kV, 
and 240 mA). The slice thickness was 1 mm. The axial images 
were transferred to the workstation of the neuronavigation 
system. Three-dimensional volume rendered images of the 
cranium and the underlying vasculature were acquired with 
a minimum density threshold of approximately 60 to 80 HU 
and a maximum density threshold of 300 to 400 HU.

Neuronavigation

We used a voxel-based optical neuronavigation (CBYON™, 
Med Surgical Services Inc., Sunnyvale, California, USA) with 
2D and 3D real-time perspective image rendering. The image-
guided system (IGS) consists of a central processing unit 
(CPU), a tool interface unit connected to an infrared camera, 
a touchscreen monitor with a pen for manual segmentation, 
and the navigation software CBYON Suite 2.8. The system 
performs a volumetric reconstruction of 3D CT images and it 
can also combine segmented volumes from different imaging 
modalities, such as magnetic resonance imaging (MRI) and 
CT, into one 3D image. An additional feature of the system is 

FIGURE 1. Opacity adjustment using a three-dimensional (3D) voxel-based image rendering system. We gradually increased the opacity 
in images A to F which allowed stepwise visualization of the superior sagittal sinus (SSS, colored blue) in relation to bony structures.
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image-enhanced endoscopy [7]. Similar to conventional neu-
ronavigation systems, this feature allows the surgeon to regis-
ter the tip of an endoscope and track it on the triaxial images. 
Moreover, it displays the live endoscopic image simultane-
ously next to the virtual 3D voxel-based endoscopic image and 
from the same view as the endoscope camera [8]. Modulation 
of the tissue transparency in the virtual endoscopic image 
provides a virtual look into patient’s head, which is useful for 
preoperative planning of surgical approach and intraoperative 
localization of neurovascular structures.

The CBYON neuronavigation system visualizes at the 
same time the bony landmarks and the underlying segmented 
venous structures, by gradually rendering the skull bone trans-
lucent. The manually segmented SSS, which was colored blue 
to achieve adequate contrast for visualization, thus became 
visible together with the sutures of the overlying skull bone 
(Figure  1). We assessed the position of the sagittal suture in 
relation to the SSS (Figure 1 and 2). Measurements were per-
formed at three predefined points along the course of the SSS, 
i.e.,  at the bregma, lambda and in the middle between these 
two points (midpoint). In a coronal section, we marked the 
right and left borders of the SSS and the sagittal suture at the 
three points. To determine the deviation of the SSS from the 
sagittal suture at the three points, we measured the width 
of the SSS and the sagittal suture and calculated the delta 

between the measurements (Figure  2). A  single investigator 
(FT) performed all segmentations in the neuronavigation sys-
tem and all measurements to avoid interobserver variability.

RESULTS

All patients had a normal midline sagittal suture and a sin-
gle SSS. The length of the sagittal suture ranged from 11  cm 
to 12.5  cm (mean 11.7  cm). The width ranged from 1  mm 
to 8.5  mm (mean 5.5  mm) at the bregma, from 4.5  mm to 
10.8 mm (mean 7.8 mm) at the midpoint between the bregma 
and lambda, and from 3.1 mm to 12.4 mm (mean 7.1 mm) at 
the lambda. The width of the SSS was from 3.9 mm to 10.5 mm 
(mean 5.6 mm) at the bregma, 5 mm to 13 mm (mean 6.6) at 
the midpoint, and 5  mm to 12  mm (mean 7) at the lambda 
(Table 1).

The relationship between the sagittal suture and the SSS is 
summarized in Table 2.

At the bregma, in 12  cases (40%) the sinus was located 
within the margins of the sagittal suture. In 15  cases (50%), 
the SSS deviated between 1.4 mm and 6.7 mm (mean 4 mm) 
to the right of the right lateral margin of the sagittal suture. 
In three cases (10%), the SSS deviated between 2.2  mm and 
3.2 mm (mean 2.4 mm) to the left of the margins of the sagittal 
suture.

FIGURE 2. Deviation of the superior sagittal sinus (SSS) to the right side of the sagittal suture. Measurements were performed at three 
predefined points along the course of the sagittal sinus, i.e., at the bregma, lambda and in the middle between these two landmarks 
(midpoint). In a coronal section, we marked the right and left borders of the SSS and the sagittal suture at the three points. To determine 
the deviation of the SSS from the sagittal suture at the three points, we measured the width of the SSS and sagittal suture and calculated 
the delta between the measurements. A = sagittal suture; B = SSS; R = right; L = left.

TABLE 1. Anatomical relationship between the sagittal suture and the superior sagittal sinus (SSS) at three predefined points

Location
Sagittal suture SSS

Range of width (mm) Mean width (mm) Range of width (mm) Mean width (mm)
Bregma 1–8.5 5.5 3.9–10.5 5.6
Midpoint 4.5–10.8 7.8 5–13 6.6
Lambda 3.1–12.4 7.1 5–12 7
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At the midpoint, the SSS was located within the margins 
of the sagittal suture in 12 cases (40%). In 14 cases (46.7%), the 
SSS deviated between 1  mm and 5.5  mm (mean 2.5  mm) to 
the right of the midline. In four cases (13.3%), the deviation of 
the SSS was between 1.2 mm and 3.3 mm (mean 2.5 mm) to 
the left of the midline.

At the lambda, the SSS was under the sagittal suture in 
13 cases (43.3%). In 14 cases (46.7%), the SSS deviated between 
2 mm and 5.8 mm (mean 3.5 mm) to the right of the sutural 
margins and, in three cases (10%), it deviated between 2 mm 
and 3.5 mm (mean 2.5 mm) to the left.

No gender-specific differences were observed in the 
course of the SSS nor in the maximum deviation of the SSS 
from the sagittal suture.

DISCUSSION

Knowledge of neuroanatomy and the corresponding ana-
tomical landmarks is essential for neurosurgeons, even in the 
era of readily available 3D neuronavigational systems. Before 
starting the surgery, a neurosurgeon must know how to local-
ize intracranial structures such as the SSS without the use of 
IGS [9], to decrease surgical morbidity [10,11]. Continuous 
training, especially of young neurosurgeons, is crucial for 
understanding complex neuroanatomy [2,3]. However, con-
tinuous practice is not possible with the conventional teach-
ing methods that rely on 2D images and cadaveric dissections, 
due to the limited duration of training sessions and number of 
cadavers [2,12]. Similarly, the use of 2D images for preopera-
tive planning has disadvantages [3,12], for example, it requires 
the neurosurgeon to mentally reconstruct the 3D relationship 
between neurovascular/anatomical structures.

With the advent of new technologies, such as 3D vox-
el-based image analysis, more methods for teaching and 
learning neuroanatomy have become available [2,3,12]. In 
addition to residents in training, these tools are useful to expe-
rienced neurosurgeons [2], e.g., for preoperative planning and 
intraoperative guidance during complex surgery of the skull 
base [13,14].

Compared to 3D surface image rendering that produces 
only a hollow 3D model of an anatomical structure (e.g.,  in 
BrainLab AG neuronavigational system), voxel-based 3D image 
rendering creates a complete 3D model and allows stepwise 
visualization of 3D anatomy by opacity adjustments of displayed 

structures (Figure 1) [3]. Gharabaghi et al. showed the usefulness 
of 3D volumetric image rendering in determining the precise 
anatomical relationship between the asterion and the underly-
ing transverse-sigmoid sinus transition (TST) complex [15,16]. 
Namely, with the use of 3D volumetric rendering of CT venog-
raphy [15] and of combined CCT and CT venous angiography 
[16] they could identify the spatial relationship between the two 
structures in more than 90% of examined cases. In the current 
study, we used the same IGS with 3D volumetric image ren-
dering as in the studies of Gharabaghi et al. [15,16] to visualize 
the spatial relationship between the sagittal suture and the SSS. 
We found that the SSS was deviated to the right of the sagit-
tal suture in 50% of cases at the bregma and in 46.7% of cases at 
the midpoint and lambda. Our findings are in agreement with 
the results from cadaveric studies [5,6], which showed displace-
ment of the SSS to the right side in the majority of specimens, 
with the maximum deviation of 11  mm [5,6]. Together these 
results indicate that the 3D voxel-based neuronavigation with 
CT scans is comparable to cadaveric dissections in analyzing 
spatial relationships between anatomical structures.

The high accuracy of 3D neuronavigation systems in ana-
tomical analysis makes them suitable as a learning tool for 
residents in training. Studies investigating the efficacy of sim-
ulators in simulating and planning surgical procedures in dif-
ferent specialties show that they decrease the learning curve, 
enhance the skills of surgical residents, and reduce intraoper-
ative adverse events [2-4,12,17-19]. In contrast to traditional 
forms of surgical training, i.e. on patients, cadavers and using 
2D images, 3D simulation allows visualization of the entire 
skull, including the internal structures, which can then be 
selectively highlighted using the image rendering feature and 
by manual segmentation or modulation of integrated filters. 
During surgery, the ability of a resident to learn about individ-
ual anatomy is limited by the size of surgical field. With the 
advent of minimally invasive techniques, such as endoscop-
ic-assisted surgery with angulated endoscope, the surgical 
field has become even smaller in size, limiting the view of neu-
rovascular structures and making it more difficult to under-
stand the individual anatomy [3].

MRI and CT are the imaging modalities of choice 
for preoperative planning in patients with intracranial 
lesions [11,20,21], where both methods have some advantages 
and disadvantages [21]. For instance, structures such as the 
SSS can be easily recognized with both techniques when a 
contrast agent is used, however, bony surface structures that 
are often used as intraoperative landmarks can be visualized 
adequately only with CT [21]. In addition, neither MRI nor CT 
allows simultaneous visualization of bones, vessels and soft 
tissue structures, since separate windowing is required on the 
screens. Digital subtraction angiography (DSA), on the other 
hand, allows visualization of the skull bones and intracranial 

TABLE 2. Deviation of the superior sagittal sinus (SSS) from the 
sagittal suture at three predefined points

Location
% of cases (n=cases; mean deviation in mm)

Right deviation Left deviation w/o deviation
Bregma 50 (n=15; 4) 10 (n=3; 2.4) 40 (n=12)
Midpoint 46.7 (n=14; 2.5) 13.3 (n=4; 2.5) 40 (n=12)
Lambda 46.7 (n=14; 3.5) 10 (n=3; 2.5) 43.3 (n=13)



Guenther C. Feigl, et al.: The accuracy of a voxel-based neuronavigation system in preoperative planning

184

arteries and veins in the same window [22]. Thus, although 
DSA is an invasive imaging technique and increases the risk of 
complications in patients, it is still the gold standard for visu-
alization of intracranial vasculature [20,23]. However, it is not 
reasonable and it is ethically questionable to perform DSA in 
every patient undergoing a neurosurgical procedure, just to 
visualize venous or arterial structures, especially if they are not 
directly involved in the lesion.

If an IGS with 3D volumetric image rendering is available, 
the surgeon can use a noninvasive high-resolution CT scan in 
combination with venous or arterial angiography to overcome 
the problem of nonsimultaneous visualization of different ana-
tomical structures. The advantages of CT over DSA are less side 
effects in patients due to a lower dose of radiation and reduced 
amount of contrast medium, shorter time of image acquisi-
tion, as well as its higher availability and cost efficiency [21,23]. 
Furthermore, the 3D images obtained preoperatively can be 
used for intraoperative guidance [3], with the advantage of real-
time opacity adjustment as deeper layers are exposed during 
surgery (Figure  3). Image-enhanced endoscopy is another 
example of IGS which simultaneously displays registered real 
and virtual endoscopic images. The simultaneous display of 
endoscopic images and the option to adjust tissue transparency 
in the virtual images allow the surgeon to see beyond visible 
surfaces during endoscope-assisted surgery [7]. In addition, this 
method may be combined with conventional imaging such as 
MRI, as well as with functional imaging techniques [3].

Another application of voxel-based IGSs is in anatomical 
research. The results of the current and previous studies [14,16] 

show that the voxel-based IGS is comparable to intraoperative 
methods in determining spatial relationships between ana-
tomical structures. Abbasi et al. showed a high accuracy of two 
neuronavigation systems that are used in surgery, Radionics 
and BrainLab, by performing in vitro measurements on a 
phantom skull [24]. Compared to cadaveric studies, a larger 
number of cases can be studied in a shorter time with the use 
of neuronavigation systems, which makes anatomical studies 
less time consuming and more cost efficient.

CONCLUSION

In preoperative planning, 3D volumetric image rendering 
can be used to validate external landmarks and to determine 
spatial relationships between bony surfaces, soft tissue and 
vascular structures by simultaneous visualization of these 
structures and interactive modulation of tissue transparency. 
The 3D images obtained preoperatively can then be used for 
intraoperative guidance, allowing real-time opacity adjust-
ment during surgery. Finally, by providing accurate presenta-
tion of complex 3D relationships between neuroanatomical 
structures, 3D neuronavigation systems represent a valuable 
learning tool for both residents in training and experienced 
neurosurgeons, and a useful research tool in anatomical 
studies.
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FIGURE 3. Intraoperative 4-window view obtained with the CBYON navigation system. The system allows real-time opacity adjustment 
as deeper layers are exposed during surgery. Green = tumor; red = the carotid artery; yellow = the optic nerve.
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