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SUMMARY 
Peristaltic movement is the natural way for transportation of 
muscular tube contents which is performed through 
progressive contraction of its muscular fibers. This type of 
movement can be observed in the ureter for transportation of 
urine from kidney in to the bladder. Navier-Stokes equations 
are used for the fluid and a linear elastic model is utilized for 
the ureter. Geometric data of a patient Suffering from 
megaureter are used, through MRI data and the results of this 
modeling (e.g. urine velocity magnitude), are compared with 
data of ultrasound images of several normal cases in some 
regions of ureter. Analysis of the consequent results shows 
increasing behavior of urine reflux phenomenon up to the time 
that the urine bolus reaches the middle of the ureter. The 
achieved average velocity in the dilated ureteral model is 
0.161 m/s which has a lower magnitude in comparison with 
normal ureter. 
 
INTRODUCTION 
Ureter is a tube with a highly complicated mechanism which 
carries away the urine from the kidney to the bladder [1]. This 
movement has the mechanism of peristaltic motion which is 
one of the remarkable issues in the field of biomechanics [2]. 
Megaureter is one of ureteral diseases caused by the change in 
ureteral dimensions. The phenomenon of urine backflow is 
one of the major happenings, that ends to the serious damages 
to the kidneys and urine disposal system. In this research, a 
mechanical model is developed through fluid-structure 
interaction, to produce peristaltic movement in order to model 
urine flow in the ureter. Here an axisymmetric geometry, 
using MRI data in Mimics for a patient with dilated ureter is 
analyzed and the results like urine reflux and the velocity of 
urine in the ureter are compared with ultrasound data of 
several normal cases. 
 
METHODS 
The flow of the passing fluid was considered in an 
axisymmetric tube with a finite length. The length and radius 
of the tube were achieved from MRI data and had the 
magnitude of 20 cm and 0.5 mm, respectively. The MRI 
image of the patient from whom this data was achieved (using 
Mimics version 10.0) is shown in Figure 1. The length of the 
bolus and its radius were considered 5 cm and 3 mm, 
respectively. The flow was assumed to be laminar, Newtonian, 
viscous, and incompressible. The density of fluid was 1070 
kg/m3 and its viscosity was assumed 0.0012 Poise. 
Incompressible Navier-Stokes equations were applied as the 

governing equations for the fluid. The conditions of no slip 
and no permeation between fluid and the wall were applied. 
The governing equation of continuity for the fluid as an 
incompressible Newtonian fluid is written as follows: ∇. �⃗� = 0                                                                                  (1) 
The applied pressure in input section of the fluid was assumed 
100 Pa.  
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Figure 1. A: MRI image of dilated ureter cross section; B: 
The lumen processed by Mimics software; C: Sections 
showing bolus characteristics. 
 
This movement was simulated using rigid surfaces with the 
diameter of 1mm and were located parallel to the solid wall 
and their role was to close the lumen during peristalsis. These 
rigid surfaces had a 12 mm displacement with a time delay 
relative to each other. Figure 2 shows the mechanism of these 
surfaces movement and contraction of the lumen by them. 

 
Figure 2: The mechanism of lumen opening by rigid surfaces. 
 
The mechanical properties of ureteral wall were assumed as a 
material with linear elasticity, isotropic, and homogenous 
which had the density of 1070 kg/m3, Young’s modulus of 10 
kP, and poison ratio of 0.45. To solve the problem in a way 
that the effect of fluid and solid interaction was considered, 
the kinematic and dynamics compatibility conditions must be 
satisfied. Kinematic compatibility which stated the condition 
of no slip on the wall is described in equation 2: 𝑣 − 𝑣 = 0   𝑜𝑛 𝜕Ω                                                             (2) 
Where 𝑣  and 𝑣  are the velocities of the solid and the fluid, 
respectively and Ω   is the solid field. The dynamics 
compatibility condition could be also written as equation 3. 𝜎 . 𝑛 + 𝜎 . 𝑛 = 0       𝑜𝑛  𝜕Ω                                                  (3)  



Where n is the normal vector of the fluid and the solid 
boundary. 2-D axisymmetric nine-node solid elements were 
used for the solid domain and 2-D axisymmetric three-node 
fluid elements were used for the fluid domain. This model was 
solved by ADINA software (ADINA R&D, Inc., Cambridge, 
MA). To have a mesh independent solution, we reached to the 
optimum mesh size of 120009 axisymmetric fluid elements for 
urine and 4002 axisymmetric solid elements for the wall 
domain. Using a higher number of elements would raise the 
computational cost. The problem was solved in time steps 
with a magnitude of 0.01 s. FEM equations of the solid and 
the fluid were solved using Newton-Raphson iterative method. 
 
RESULTS AND DISCUSSION 
Results showed that urine backflow had an increasing 
behavior for the first 6 seconds of the wave propagation. 
Following the average magnitude of input velocity at all 
instants, it was found that after the first 6 seconds, the 
magnitudes of urine backflow were still negative; but these 
magnitude were decreasing or in other words, they tend to get 
positive. This behavior continued for approximately 9.5 s after 
which the magnitudes of average input velocity became 
continuously positive that showed there was no urine 
 

 
Figure 3: Pressure distribution between the beginning and the 
end of dilated ureter in 5.98 seconds. 
 
backflow after that moment. Table 1 shows inlet flow rate 
from t=1 s to t=10 s in 0.5s intervals between time steps. It is 
important to note the presence of urine backflow till the urine 
bolus reaches the middle of the ureter. The increasing 
behavior for the urine reflux up to this stage must be inspected 
due to the geometrical shape of the investigated ureter. The 
investigated ureter is a dilated ureter; so there is a higher 
initial volume of bolus in there, compared to a normal ureter. 
This high volume of bolus caused the pressure difference 
between the ending and the beginning of the bolus, dominated 
the magnitude of input pressure of the ureter and so urine 
return manner had an increasing behavior till this stage and 
after that, the decreasing behavior of urine return, began 
(Figure 3). The average magnitude of outlet velocity was 
calculated as 0.161 m/s. The outflow from a dilated ureter can 
be calculated simply from these velocities as 7.5 ml/min. 

Comparing the average output velocity in the dilated ureter 
(0.161 m/s) with ultrasound results that are achieved by 
imaging the average output velocity while urine is discharged 
from ureter to bladder, showed that this velocity has a lower 
magnitude (Fig. 4). The reason of this argument must be found 
through two aspects simultaneously as follows:      
The first reason is the geometry of the investigated ureter 
which is a dilated one and considering its larger diameter 
compared to the normal condition (the results of ultrasound 
i.e. ureter with normal diameter), we should expect a lower 
velocity at the ureter output due to the fluid mechanics’ 
theories. The result of this research confirms the lower 
velocity. The second reason is urine reflux and its increasing 
behavior till the middle of the ureter. This matter has a direct 
effect on the efficiency of peristaltic movement and in 
comparison with the normal ureter, shows a lower velocity at 
the ureteral outlet. 

 
Figure 4: Comparison of average outlet velocity of urine 
between the dilated ureter and 14 normal cases. 
 
CONCLUSIONS 
The objective of this research is to perceive megaureter 
disease in clinical and biomechanical aspects. The results 
showed that if the ureter is more dilated than the normal 
condition, the average output velocity of urine is lower and 
also the urine reflux can be observed in a longer time period. 
Investigating another condition of megaurter disease 
(Obstructive Megaureter) along with using more extended 
clinical tests will lead to more applicable clinical results. 
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Table 1: Inlet flow rate toward dilated ureter starting from t=1 s to t=10 s. Urine backflow can be observed from t=2.25 s to t= 
9.25 s. 

 


