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Introduction  

Radiation therapy is widely used in cancer treatment. A major concern in radiation therapy is to keep 

the neighboring healthy cells unharmed while irradiating the cancerous cells. In case of treating lung 

cancer, the task of keeping healthy cell unharmed becomes more complicated as the lung tumor 

undergoes considerable displacement with the volumetric expansion and contraction of lung during 

breathing. Moreover, displacement of lung surface is not uniform throughout the lung and depends on its 

location. Hence, a proper estimation of lung displacement at the specific location is very crucial for 

planning radiation therapy to treat lung cancer.  

This study has been performed to simulate lung deformation during breathing by using numerical 

modeling technique. Generally, lung is assumed to be elastic material whose mechanical properties are 

described with Young modulus and Poisson’s ratio. 

Most of the numerical modeling for lung deformation has been performed by using finite element 

method. Since lung can undergo high deformation, the problem of grid distortion should be expected at 

some point. Hence a grid-less method could be a great alternative to simulate the high deformation at lung 

surface. 

Here, a grid-less method called MPS method is applied to simulate deformation of lung surface during 

breathing. As grid generation is not necessary, in MPS method, the problem of grid distortion while 

modeling high deformation is not of a concern.  

 

Governing equation 

As in fluid mechanics, the governing equation of motion in elastic solid can be written as (1). 
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where ρ  is density of material, P  an isotropic pressure which is obtained in particle location , αβσ  

unisotropic components of stress tensor which is obtained between the particles, λ  and µ  the Lame 

constant, extK  external force acting on the particles, E  Young modulus and ν  Poisson’s ratio. 

In MPS method, the differential operators on the right hand side of (1) is replaced by particles 

interaction and calculated by using Lagrangian approach. 

 

Results  

Figure 1 shows the numerical prediction of deformation through out the lung surface at the end of 

inhalation process. Deformation ranges from less than 4 mm to over 20 mm depending on the location at 

the surface of lung. The numerical prediction shows that upper section of lung exhibits comparatively 

lower displacement than the lower section.  

The deformation at segment 6 (S6) and segment 3 (S3) has been compared with the experimental data 

obtained by tracking the gold marker at the surface of lung. Comparing with the observed data, the 

displacement during inhalation process has been realistically predicted. 

The numerical test showed that by the end of inhalation process the position at S6 was displaced by a 

little over than 14 mm. The experimental results also showed that the displacement by the end of 

inhalation process at S6 was a little over than 14 mm. Likewise at S3 the numerical test showed that, by 

the end of inhalation process, the position at the surface of the lung was displaced by 6.7 mm. The 

experimental results showed that the displacement by the end of inhalation process at S3 was 6 mm. 
 

 
Fig. 1 Total displacement (mm) at the lung surface 


