
Abstract— In this study a novel computational model, 
formulated via a finite-element technique and based on the 
Biot's linear poroelasticity theory, is developed for the 
assessment of brain shift in neurosurgery. The proposed 
computational framework aims to furnish a contribution 
towards the definition of a tool useful for surgical planning and 
for improving the intra-operatory accuracy of neuro-navigation 
systems. Some exemplary results are presented, highlighting the 
influence of a glioblastoma tumoral mass on the brian shift 
associated to a craniotomy surgical procedure.  
Keywords—Brain shift, Biot’s poroelasticity theory, Patient-

specific computational models, Brian tissue mechanics. 

I. INTRODUCTION 
EURONAVIGATION represents the best technique for 
complex brain and spinal surgeries since it is the only 

method allowing both minimal invasiveness and high 
precision during the surgical procedure [1].  

Neuronavigation relies on morphological data acquired in 
the preoperative stage by employing Magnetic Resonance 
Imaging (MRI) and Computed Tomography (CT), from 
which patient-specific anatomy is reconstructed. Before the 
surgical procedure begins the neuro-navigator has to be set 
up in order to establish a spatial correspondence between the 
reference system associated to the physical space of the 
patient and the reference system assigned to the virtual model 
displayed on the monitor of the neuro-navigator. Afterwards 
the registration procedure and referring to brain surgery, the 
possible insurgence of brain shift (BS) as induced by 
different and coupled factors associated to surgical treatments 
(e.g., opening of the dura mater, high or unbalanced 
intracranial pressure, cerebrospinal fluid leakage, 
administration of drugs, dimension of craniotomy, tissue 
resection [2]), may induce non negligible errors in the neuro-
navigation procedure, resulting in an overall loss of accuracy 
and in possible ineffective surgical performance. 

Different methods have been developed to correct the 
inaccuracy induced by the BS. One of the most used consists 
in acquiring new data after the change of configuration of the 
brain tissue, by carrying out intraoperative MRI [3] that 
allows the updating of the neuro-navigator set-up and thereby 
the recovering of a suitable accuracy degree. Nevertheless, 
such an approach is expensive and time consuming, and it 
generally may result incompatible with timing of 
neurosurgery brain treatments. Another interesting method 
involves ultrasound systems (US), which are portable, they 
allow for real-time data acquisition, and are less expensive 
than the intraoperative MRI-based one. However, image 
resolution obtained in this case is usually not suitable for 
neuro-navigation purposes [4].  

In this context, a challenging and open topic is represented 
by the possibility to simulate through numerical models the 
brain deformation/adaptation process induced by surgical 
treatments, opening to the conception of novel smart neuro-
navigation systems able to self-offset the BS effects on the 
basis of patient-specific biomechanical models.  

II. MATERIALS AND METHOD

A methodology for developing three-dimensional 
computational models of brain and neurocranium, 
incorporating patient-specific geometry from computer 
tomography (CT) images and biophysical data, is herein 
described (Fig. 1). 

Fig. 1: Definition of patient-specific computational models. 

A. Geometry reconstruction 
Input data are constituted by volumetric greyscale images 

in DICOM format obtained by co-registration of CT and 
MRI. Brain, skull, ventricles and falx cerebri have been 
segmented from volumetric images employing the software 
Teneco SW developed by SenTech, and providing a 
description of the geometry via a surface mesh. Segmentation 
errors, due to possible coarse resolution of medical devices 
and/or involuntary patient movements, are reduced by 
applying a Taubin smoothing algorithm [6]. The 
computational domain (including brain, neurocranium, 
ventricles and falx cerebri) resulting from segmentation and 
smoothing process is discretized and employed for finite-
element simulations.  

B. Constitutive description 
All tissue regions are assumed to behave as nearly-

incompressible linearly elastic materials with isotropic 
constitutive symmetry. In detail, brain tissue is regarded as a 
porous medium saturated by fluid [4], [7]. Accordingly, its 
mechanical behaviour has been modelled via the Biot's 
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poroelastic linear theory [8], allowing to account for the 
influence of pressure within the pores on the overall stress in 
the porous matrix. Brain tissue (namely, the porous matrix) 
has been described as strongly inhomogeneous, in agreement 
with the greyscale distribution occurring in diagnostic images 
and by adopting mechanical data measured in both in vivo 
[9], [10] and ex vivo [11], [12] studies. Possible pathological 
tumoral tissues have been assumed to be characterized by a 
higher stiffness compared with the surrounding healthy tissue 
[10]. Moreover, falx cerebri has been modelled by 
considering a Young's modulus six times greater than the 
average value characterizing the surrounding parenchyma 
[13]. Ventricles, fulfilled with cerebrospinal fluid (CSF), 
have been simply modelled as a soft material whose Young's 
modulus is about 1/10 of the average value considered for the 
surrounding brain tissue. Finally, skull bones are considered 
as rigid elements, since their stiffness is about six orders of 
magnitude greater than that of other tissues [14]. 

C. Boundary conditions 
(i) Skull-brain interaction is described via a frictionless 
unilateral contact model; 
(ii) Falx cerebri is a fold of the dura mater, which adheres 
strongly to the skull, therefore its upper surface has been 
considered as fully restrained [7].  
(iii) Linearly elastic springs have been applied to the base of 
the spinal cord to simulate the interaction with surrounding 
spinal tissues. 

III. RESULTS

As a case study the brain herniation induced by craniotomy 
for surgical treatment of a glioblastoma is simulated. The 
glioblastoma has been simply described as a sphere located in 
the left hemisphere. Numerical results are obtained, 
highlighting the coupled influence of intracranial pressure 
(ICP) and of tumor radius (R) on brain shift. Figure 2 
displays some exemplary numerical results in terms of 
displacement spatial distribution in a frontal cross section, for 
different values of R and for ICP = 18 mmHg.  

Fig. 2: Exemplary numerical results. Displacement field for different 
values of tumor radius (from 0 to 30 mm) and for an intracranial 
pressure of 18 mmHg. 

IV. CONCLUSION

The effectiveness of the implemented model has been 
verified by reproducing, as a first case study, a craniotomy 
intervention. The results obtained show that the proposed 
model, allowing to reproduce brain shift process, may be a 
useful tool in the phases of planning and management of 

surgical treatments. Moreover, the effects of intracranial 
pressure (ICP) and tumour size on brain shift have been 
investigated. Finally, with the aim of providing a 
contribution to the current state of the art, the developed 
model can be retained as a first step towards the conception 
and realization of an advanced neuronavigation system that 
integrates imaging methodologies with computational 
biomechanical models. In this way, the integrated use of 
these aspects will allow to develop innovative technology in 
the context of biomedical instrumentation and clinical 
practice.  
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