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SUMMARY 
The control of cell seeding is critical for the development of 
functional tissue engineering products. This study presents a 
novel methodology to predict the cell distribution after 
seeding. The optimum experimental time, concentration of 
cells, scaffold microstructure and hydrodynamic environment 
are the principal parameters that can be controlled in this 
model. In addition, the model is capable to determine the 
specific position of cells and predict the cell density 
distributions on the scaffold wall after cell seeding. 
The simulation was validated against in vitro experimental 
under perfusion conditions. Based on rapid prototyping 
scaffold fabricated by stereolithography, a scaffold with 
different pore size in the radial direction of the cylindrical 
samples was modelled. Human articular chondrocytes (HAC) 
were suspended in culture medium, and seeded under 
oscillating perfusion fluid flow.  
An Eulerian-Lagrangian model was used to simulate the 
multiphase phenomenon (cells and culture medium) and cell 
adhesion conditions were applied. The results show the 
similitude in cell distributions between the experimental and 
numerical results. The cell density distributions in the 
experiments and the mechanical stimuli distribution in the 
model were also compared. This study shows the ability to 
simulate cell seeding using a particle computational fluid 
dynamic method. 
 
INTRODUCTION 
Cell seeding is a critical step during tissue engineering, 
because the final distribution of tissue is strongly related with 
the initial cells distribution over the porous scaffolds. Using a 
perfusion system it is possible to control and to guarantee the 
biochemical conditions and hydrodynamic parameters [1]. 
However, it is difficult to obtain a uniform cell distribution 
internally in the 3D pores of the scaffold if the microstructure 
is not regular. The design and distribution of pores size have 
high influence in the distributions of the cells when seeded 
under perfusion environment [2, 3]. The aim of this study was 
to simulate the seeding period in rapid prototyping scaffold 
representing cells as  spherical particles able to attach onto the 
scaffold surface.  
 
METHODS 
The Ansys Fluent software was used to simulate the cell 
seeding process. A total of 5 millions of spherical cells 
(representing human articular chondrocytes) with 10µm of 
diameter were suspended in 8mL of medium. An alternating 
fluid flow (Figure 1). was applied according to the experiment 
described by Melchels et al [3], where 400 cycles were 

performed in 16hr corresponding with a period of T=144s. 
The fluid phase (viscosity, µDMEM=10-3Pa-s; density, 
ρDMEM=1000kgm-3) is treated as a continuum laminar fluid 
solved using Navier-Stokes equations, while the cells 
(µCELL=0.005Pa-s; ρCELL=1000kgm- 3) was represented in a 
Lagrangian discrete phase (DPM) which was solved by 
tracking a number of particles through the calculated flow 
field guided by the drag force and the lift force. Pores with 
gyroid shape were distributed with a gradient in radial 
direction (Type G) (Figure 1) of a cylinder of 8mm of 
diameter and 4mm of height. The pore size in the center was 
500 µm and was lower in the periphery approximately 250 
µm; this type of structure can be found in transition areas of 
bone [2]. 
 

 
Figure 1: a) Pore size distribution on scaffold type G 
(gradient). b) Total fluid volume analyzed and oscillating flow 
perfusion trajectory. 
 
A maximum fluid flow velocity of 1mm/s (inlet diameter is 
6mm for the silicon tube) was imposed at the inlet while the 
mass flow rate (m) was controlled at the outlet, creating an 
alternating fluid flow transient in time (t) (Eq. 1). The walls 
were assumed with no slip condition. The cells did not adhere 
on the silicon tube and bioreactor chamber walls by setting a 
boundary condition representing bouncing of the particles 
when they hit these surfaces. For the scaffold surface the 
adhesion was controlled using wall film theory conditions 
implemented in Fluent. This theory uses the impact energy as 
principal parameter. When this energy is low (as found in this 
cell seeding system), cells attach when they hit with the 
scaffold surface.  

 
 Eq. 1 

 
RESULTS AND DISCUSSION 
An experimental cell seeding efficiency of approximately 
40%-60% for the same in vitro condition was reported by [3]. 
In this study the cell seeding efficiency was around 55% after 
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seven cycles (Figure 2). After that the rate of adhesion 
increased, but non linearly. We assumed that this is due to a 
change of concentration of suspended cells. Another factor to 
consider is that the structure has very open pores, and if the 
particles do not hit with the scaffold they never adhere. 

 
Figure 2: Cell seeding efficiency for scaffold type G under the 
perfusion flow oscillating with the mixture of culture medium 
and spherical cells. 
 
The wall shear stress is an important parameter in the cell 
adhesion processes. In Figure 3 the distribution of shear stress 
values is showed for the cross section of scaffold under the 
maximum velocity applied. In the centre of the scaffold the 
wall shear stress was 50 mPa and at the periphery wall shear 
stress is close to 0 mPa. 
 

 
Figure 3: The shear stress distribution is shown in a cross 
section of the scaffold. 
 
The cell distribution after seven cycles in the simulation in the 
central section of 1mm thickness was compared with the 
threshold z-stack confocal images for cell-seeded in the 
experiment of [3] (Figure 4). A similar distribution was 
obtained showing the clustering of cells in the central part of 
scaffold and poor adhesion on the periphery. 

 
Although the model shows some very good similarity with the 
experimental results, the model remains very simple. In 
particular effort must be put into a more precise simulation of 
cell attachment and separation as a function of wall shear 
stress and of biological affinity with the biomaterial surface. 
Nonetheless in this study we find that the pattern of 
transportation of cells is a determining factor in the final cell 
distribution and that it is strongly dependent on the 
distribution of available surface area. 
 

 
Figure 4: Comparison of distributions in particles attached 
through the models in 1mm thickness (right) and threshold z-
stack confocal images (500 µm thickness) of cell-seeded on 
experiment (left) [2]. 
 
CONCLUSIONS 
A new methodology based on particles computational fluid 
dynamics was proposed to predict cell seeding in scaffolds for 
tissue engineering application. Although the cell / scaffold 
interaction was simplified, the global cell distribution obtained 
was similar to previous experimental results. The scaffold 
design and transportation of cells are critical factors in the cell 
seeding phase. 
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