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Ureters are muscular tubes that transport urine from the kidney to the bladder. The 
peristalsis wave is responsible for carrying urine to the bladder. With the regular 
appearance of peristalsis, areas with anatomic narrowing junctions are crucial for 
ureteral diseases. A three-dimensional flow analysis is performed for different time 
steps to understand the effect of the urine bolus formation and the reflux 
phenomenon on variable diameter ureters. For the constant and variable diameter 
ureter, the pressure is obtained behind and in front of the propagating bolus 
respectively. The peristalsis wave creates the high-velocity of a jet in the neck region 
of the ureter. The contraction produces the trapping of the bolus leading to adverse 
flow in the contraction region. By virtue tapering, the high-pressure gradient builds up, 
leading to high wall shear in the ureter. The main goal is to determine the pressure, 
velocity, gradient pressure, and shear force on the ureter wall during peristaltic 
motion. These parameters are very important for clinicians to understand its effect in 
the unobstructed variable diameter ureter. This article may help to build a medical 
device for engineers. The physical significance of this information lies in its profound 
insights into the biomechanics and functionality of the ureters, which are essential 
components of the human urinary system. 

 

Keywords: 
Variable diameter ureter; Peristaltic 
wave; CFD; Pressure; Velocity; Wall shear  

 
1. Introduction 
 

The ureter is a muscular tube with a length of approximately 25-30 cm long tube [1–3]. The 
pacemakers in the renal pelvis coordinate the rhythmic tightening and relaxing of the ureter muscles 
to form a peristalsis wave to transport the urine from the kidney to its temporary storage location in 
the bladder via the ureter [4, 5]. The rhythmic tightening and relaxing of the ureter muscles help 
urine bolus motion in the ureter. This process occurs about 1 to 8 times per second in the ureter with 
an average frequency of around 3 times per second, depending on various factors such as hydration 
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level, bladder pressure, and overall health of the individual [6, 7]. Due to anatomical conditions, the 
urine flow rate can affect the rhythmic tightening and relaxing of the ureter muscle [8, 9].  A normal 
urine flow rate for an adult human is generally around 20 mm/s to 60 mm/s [10, 11].  Researchers 
carry out many studies to understand the peristaltic behaviour and its biomechanics during the urine 
flow in the ureter[12–14] for theoretical and numerical analysis. Najafi et al., [14] used two-
dimensional and three-dimensional ureter models with the percentage of the block in the ureter to 
study the urine reflux and trapping phenomena in the ureter. They found that as the obstruction ratio 
increased, leads to an increase in the pressure gradient, reflux, and ureter wall shear stresses. Ureter 
mechanical properties are important for fluid-structure interaction[FSI] analysis [15–17].  In a recent 
study conducted by Takaddus et al., [18, 19], the effects of flow on the ureter wall were investigated 
using both two-dimensional and three-dimensional circular tubes. To assess these effects, fluid-
structure interaction (FSI) was utilized. The results of this study demonstrated that as obstruction 
increased, there was a corresponding increase in pressure gradient, shear stress, and reflux within 
the fluid. Vahidi et al., [20] utilized the actual ureter model to investigate and analyze the flow 
dynamics occurring within the ureter. To conduct their analysis, they employed a two-dimensional 
Fluid-Structure Interaction (FSI) model. The results of their research demonstrated that urine reflux 
towards the kidney occurs due to wave onset in the ureter. As this wave travels towards the outlet, 
there is a noticeable decrease in reflux at the ureteropelvic junction. Li et al., [21] used numerical 
modelling to analyze the peristalsis transport. They compared the result of the two-dimensional 
channel and the axisymmetric tube and found that the pressure gradient doesn’t vary in the radial 
direction. Also, the inertia of the fluid and large wavelength produces the reflux near the axis of 
symmetry. In their research study, Vahidi et al., [22] conducted an in-depth analysis of two-
dimensional actual ureteral data using the non-linear fluid-structure interaction model. The 
researchers explored various aspects related to the flow of fluids and structures within the ureteral 
system. In a study conducted by Rassoli et al., [23], the Mooney-Rivlin model was utilized to 
investigate and predict the behaviour of human ureters during peristalsis. They aimed to understand 
the mechanical response of the ureter and conducted a biaxial study for this purpose. Their findings 
revealed that the ureter wall behaves as an anisotropic material, which means it exhibits different 
mechanical properties in various directions. This finding helps to improve our understanding of force 
transmission through the ureteral walls during peristalsis, ultimately leading to better treatment 
options for related medical conditions. Moreover, they also discovered that hyperplastic modeling 
could be used to accurately represent the behavior of human ureters.  Hosseini et al., [24] reviewed 
the experimental, theoretical, and numerical studies on the ureter. They considered the mechanical 
properties of ureters to develop the virtual simulation tool to present the contraction of the ureter 
by pacemaker activities. In the field of urology, extensive research has been conducted on various 
aspects related to the ureter. However, it is important to note that most of this research has focused 
on a specific type of ureter - the constant diameter ureter. Researchers have explored different 
aspects such as anatomy, physiology, pathology, and clinical management pertaining specifically to 
the constant diameter ureter. In a recent study conducted by Srivastava et al., [25–27], the effects of 
fluid viscosity variation on peristaltic transport in non-uniform tubes and channels were investigated. 
The researchers considered various factors such as inlet and outlet radius, wave speed, and fluid 
velocity to determine the pressure changes during peristalsis. Specifically, they set the inlet and 
outlet radii at 0.012 cm and 0.018 cm respectively while assuming that the peristalsis wave travels 
along a 20 cm long wall at a speed of 20 cm/s. The results of their analysis showed that pressure 
decreases with decreasing viscosity but increases with increasing flow rate. Additionally, it was 
observed that fluid velocity decreased as a result of these changes in pressure. Misra et al., [28] 
conducted a comprehensive study on the peristaltic flow in an axisymmetric variable cross-section 
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circular pipe. Their research focused on analyzing the Reynolds and wave numbers under lower 
conditions based on second-order assumptions. The researchers considered various parameters such 
as tapered length, velocity of the wave, and radius to investigate their effects on the peristalsis flow 
[29, 30]. The study involved examining pipes with radii ranging from 0.01cm to 4 cm over a distance 
of 20 cm. They found that increasing the velocity led to an increase in amplitude ratio, indicating that 
higher velocities result in stronger waves propagating through the pipe. They also found that there 
was no significant change observed in either Reynolds number or velocity when wave number is 
varied. Eytan et al., [31] conducted a comprehensive study on the peristalsis flow in the uterus. The 
researchers analyzed the effect of the flow field due to sinusoidal phase shift and angular effect on 
the tapered wall of the uterus. They used advanced computational models to simulate different 
scenarios and investigated the changes in these parameters that affect various aspects of peristalsis.  
They discovered that when contractions are out of phase, there is a significant reduction in velocity, 
pressure, and flow rates within the uterus. This suggests that proper coordination between different 
regions of the uterus is necessary for efficient peristaltic movement. Moreover, they also observed 
that as the angle of tapering increases, there is an increase in the reflux phenomenon - this means 
that more fluid flows back into previous sections instead of moving forward toward its destination. 
On the other hand, with smaller angles comes increased trapping which can lead to complications 
such as blockages or infections. In recent years, researchers [25–28, 31]  have been investigating the 
peristalsis activity on a tapered ureter to gain a better understanding of its functions. This has led to 
significant advancements in computational techniques [32–34] and finite element analysis that are 
now widely used in medical applications In this particular study, an unobstructed three-dimensional 
finite variable diameter ureter was analyzed to investigate the peristaltic effect [35]. The results of 
this study can provide clinicians with a comprehensive introduction to understanding the human 
ureter during peristalsis. By analyzing pressure, velocity, and wall shear effect during peristalsis, 
researchers were able to gain insight into these factors affect the function of the ureter. This 
information is crucial for developing effective treatments for conditions that affect the urinary 
system. Overall, this study highlights the importance of using advanced computational techniques 
and finite element analysis in medical research [36, 37]. In total, the novelty of this content lies in its 
comprehensive and multidimensional approach to studying the variable diameter ureter, 
incorporating advanced computational techniques, fluid viscosity variation, and the broader 
implications of peristalsis research. This approach enhances our understanding of the urinary system 
and its clinical applications, marking a significant contribution to the field of medical research. 

 
2. Methodology  
2.1 Modeling and Meshing 
 

There were certain areas with anatomic narrowing play a crucial role in ureteral disease. These 
areas include the ureteropelvic junction, where the renal pelvis connects to the ureter; the 
ureterovesical junction, where the ureter meets with the bladder; and finally, iliac vascular junctions 
located near major blood vessels in our pelvic region. The importance of these narrow points lies in 
their susceptibility to blockages or other issues that can cause problems for urine flow through these 
critical pathways [38]. Urogram studies have cited different numbers of diameter sizes in transverse 
sections, which can vary depending on the specific sample population being studied. For example, a 
study focused on post-partum females may derive slightly different size ranges than a study focused 
on males or non-postpartum females. In general, these sizes range from 2 mm to 8 mm [39–41], 
indicating that there is some variability in the size of structures within the urinary tract across 
individuals and populations.  The total length of the ureter varies between individuals, but on average 
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it ranges from 220 mm to 300 mm [42–44]. To better understand the anatomy of this vital structure, 
we can divide its length into three parts: upper, middle, and lower. The upper part starts at the pelvis 
and extends up until it reaches the UPJ (ureteropelvic junction). From there, we have the upper 
ureter 1/3 which goes from UPJ until reaching the upper edge of the sacrum; then comes the middle 
ureter 1/3 which extends from the upper edge down to the lower edge of the sacrum; finally, we 
have the lower ureter 1/3 that stretches all way down from the lower edge of sacrum until reaching 
bladder. Additionally, segmental anatomy lengths can range anywhere between 74 mm to 100 mm  
[41]. 

In the current investigation, a length of 100mm is considered for the ureter with variable 
diameter, as illustrated in Figure 1. We modelled a three-dimensional ureter using Ansys 2019-R2. 
For the modelling of the ureter, an inlet diameter of 3 mm and an outlet diameter of 2 mm is 
considered. Due to peristalsis, a maximum diameter of 4 mm can be assumed for our current model. 
This means that as fluid flows through the ureter, its shape changes due to these muscular 
contractions.  The analysis was performed using the commercially available package Ansys-CFX for 
computational dynamics.  

 

 
Fig. 1. Variable diameter ureter geometry 

 
For the pressure and momentum calculation, a second-order upwind scheme is adopted [20]. 

Figure 2 shows the meshed model of the tapered ureter. Diffusion-based smoothing is used for the 
mesh motion.  To conduct a thorough analysis, a total wave cycle of 9 s  is simulated. This setting 
helps to gather enough data and observe any patterns or trends that may occur over time. To ensure 
output accuracy, the time interval is set at 0.05 s. 

 

 
Fig. 2. The cross-sectional view of a meshed structure of the variable 
diameter ureter 

 
2.2 Mesh Grid Independence Study 
 

Before carrying out different sets of analyses, we performed a grid independent analysis to 
finalize the optimum mesh size. In this work, structured mesh techniques are used [44]. To determine 
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the consistent results the mesh grid size is varied from 0.05 mm to 0.008 mm. Our findings are 
presented in Figure 3, which shows the mesh grid independence results. It is observed that there is 
a significant increase in the pressure values when the mesh size is reduced from 0.05 mm to 0.01 
mm. However, when the mesh size was reduced further than 0.01 mm the pressure difference was 
observed to be less than 5%.  So to avoid the higher computational time with an optimized mesh 
value, a mesh size of 0.01 mm is used in all the analyses performed in this work. A finite element 
model was created using a mesh size of 0.01 mm, resulting in 69,552 nodes and 79,091 elements. 

 

 
Fig. 3. Mesh grid independence with variation in pressure 

 
2.3 The Governing Equation 
 

For the analysis, urine is often considered to be a homogenous liquid, additionally, it is 
characterized as being viscous, which refers to its resistance to flow. To further understand the 
behaviour of urine during flow, the Navier-Stokes equation was adopted. This equation takes into 
account several factors that can affect fluid dynamics including density and viscosity. For this 
particular study, a density (𝜌) of 1050 kg/m3 and a viscosity (𝜇) of 1.3 cP [45] were chosen for use in 
the Navier-Stokes equation. 
 
For the flow model, the governing equation given by, 
 
The continuity equation is, 

 
∇. 𝒖𝒇 = 0                                           (1) 

 
The momentum equation is, 
 
𝜕𝑢𝑓

𝜕𝑡
+ (𝒖𝒇. ∇)𝒖𝒇 = −∇𝑝 +

𝜇

𝜌
(∇2𝒖𝒇)                                    (2) 

 
The velocity vector is denoted by 𝒖𝒇, while 𝑝 represents pressure, 𝜌 stands for density, and 𝜇 

denotes fluid dynamic viscosity. To solve equations that involve these variables, several methods 
have been proposed over the years. One such method is known as the Semi-Implicit Method for 
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Pressure Linked Equations (SIMPLE). This method involves an iterative approach to obtain a solution 
for discretized equations. The SIMPLE method has proven to be quite effective in solving problems 
related to fluid dynamics. The iterative nature of this method allows it to handle complex systems 
with ease and efficiency [46]. 
 
2.4 Peristaltic Motion 
 

During peristalsis, which is a series of coordinated muscle contractions, the velocity range in the 
ureter can vary from 20 to 60 mm/s [47]. In current research work, a peristaltic wave with a velocity 
of 20 mm/s can be applied in a sinusoidal form to these walls. 

Equation 3 is adopted to measure the displacement that occurs in the ureter wall during this 
process. In this particular scenario, three important parameters describe the characteristics of a 
wave. The first parameter is the amplitude of displacement (𝑎), which has a value of 1 mm. The 
second parameter is known as wave number (𝑘) and it has a value of 2. Wave number represents the 
number of waves that exist per unit length in space. Finally, the frequency (𝜔) with a value of 1 Hz.  
 
𝑑 (𝑧, 𝑡) =  ±𝑎 sin(𝑘𝑧) sin(𝜔𝑡)                                                  (3) 

 
3. Result and Discussion 
 

 To study the dynamics of ureters, a three-dimensional model was created. The simulation was 
conducted over a total wave cycle of 9 s, during which a wave velocity of 20 mm/s propagated from 
the inlet to the outlet. To gain further insights into this process, various parameters were analyzed in 
detail between time intervals of 1 s to 8 s. These included pressure, velocity, and wall shear stress. 

 
3.1 Pressure Contour Analysis 
 

In this study, a variable-diameter ureter model was used to investigate the flow of urine through 
the ureter. To simulate physiological conditions, a peristaltic wave was applied to the ureteral wall 
from the inlet to the outlet. A constant pressure difference of 0.3 Pa boundary condition was imposed 
at both ends of the model to create a realistic scenario. The results of this simulation are presented 
in Fig 4, which shows pressure profile contours for different time points during the flow process. At 
t=2 s, when urine starts flowing into the ureter due to peristalsis, we can observe changes in pressure 
distribution along its length. The variable diameter ureter indicates the convergence flow condition 
of the fluid dynamics study. It was observed that at the time of 3 s, the bolus entered the ureter, and 
the maximum pressure was obtained in the front of the neck, as shown in Figure 4 (a), due to the 
convergence in the area and the formation of the neck due to the peristalsis. During wave 
propagation to the outlet, the pressure experienced by urine decreases. This phenomenon is 
depicted in Figure 4 (b), which shows a decrease in pressure as waves propagate toward the outlet. 
The maximum pressure developed behind the propagating urine bolus was reported by Weinberg  
[48] for the constant-diameter ureter. However, our investigation of variable diameter ureters has 
revealed that there are some differences when it comes to where maximum pressure is created 
during wave propagation. In contrast to Weinberg's [48] findings, we have discovered that in variable 
diameter ureters, maximum pressure is created in front of the propagating bolus rather than behind 
it. 
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Fig. 4. Pressure contours (a) peristalsis wave at time 3 s (b) peristalsis wave at time 7 s 

 

In the research study, Figure 5 is presented to depict the pressure plots along the ureter length 
for a specific time interval ranging from 3 s to 8 s. The data obtained from this analysis provides us 
with valuable insights into the effects of pressure on the ureter. As per the findings, it was observed 
that at 3 s, there was a significant increase in maximum pressure of up to 1.56 Pa due to two key 
factors - tapered area and reduction in the area caused by peristalsis. This narrowing creates 
resistance against fluid flow and leads to an increase in pressure within that region. Takaddus et al., 
[18] found that at UPJ, maximum pressure develops due to peristalsis contraction. In the present 
work, the maximum pressure of 1.56 Pa develops at the inlet of the ureter, that is at UPJ. As the wave 
travels to the outlet due to a reduction in the area, the pressure decreases at the outlet of the variable 
diameter ureter.  

It has been observed that for the ureter with constant diameter, there is a decrease in pressure 
distribution along its axis towards the exit as noted by Eytan et al., [31] and Vahidi et al., [20] in their 
studies. However, recent research findings have revealed that when waves travel through variable 
ureters, such as those with narrowing regions, there is also a significant decrease in pressure toward 
the outlet as in Figure 4(b). This implies that variations in diameter along the length of ureters can 
significantly affect their functionality and may cause complications if not addressed promptly. 

 

 
Fig. 5. Pressure profile plot for variable diameter ureter 
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The process of peristalsis in the ureter involves the formation of a bolus and neck during wave 
propagation. According to Weinberg's [48] research, a single peristaltic wave on a constant diameter 
ureter generates pressure behind the propagating wave. However, when it comes to variable 
diameter ureters, pressure is observed to generate in front of the bolus. In  Figure 6, we can see that 
negative pressure forms due to peristalsis in the neck region leading to reflux formation in the ureter 
after 3 s of flow time. This observation is consistent with Vahidi et al., [49] findings for constant 
diameter ureters where reflux occurs at the onset of wave propagation at the kidney and decreases 
as it moves towards an outlet. Interestingly, our study on variable diameter ureters found that 
maximum pressure without any reflux occurred at the beginning of wave propagation show in Figure 
6. As expected, there was a reduction in pressure as waves propagated further along similar lines 
with Vahidi et al., [49] observations for constant-diameter ureters. 

 

 
Fig. 6. Pressure plot at flow time steps 

 
3.2 Velocity Profile Analysis 
 

Figure 7 displays the velocity vector plot for the variable diameter ureter at the onset of wave 
propagation. At time 3 s, peristalsis initiates and a reverse flow is detected at the inlet as illustrated 
in Figure 7(a). As this wave progresses, it leads to the formation of a jet with high velocity in the neck 
region due to the narrowing and contraction of the ureter area. This phenomenon can be observed 
in Figure 7(b), Hosseini et al., [50] also reported similar findings that maximum flow occurs at 
contracted regions due to fluid inertia. The peristaltic movement causes contractions that trap 
boluses because of reverse flows occurring in the neck region. 
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Fig. 7. Variable diameter ureter Velocity vector for 
(a) peristalsis wave at 3 s (b)  peristalsis wave at 3.5 s 

 
Figure 8 shows the velocity profile plot for the variable diameter ureter. The neck region recorded 

the magnitude of a velocity of 0.0411 m/s at time 4 s. As the wave propagates further at time 5 s, 
velocity decreases. As the wave crosses the median length of the ureter at time steps 6 s and 7 s, due 
to a reduction in the area along the length, the rise in velocity was again recorded. It is clear from the 
graph shown in Figure 8 that the contraction produces the jet of flow in the ureter, which results in 
a high-velocity magnitude in the plot. 

 

 
Fig. 8. Velocity profile plot for variable diameter ureter 

 
Figure 9, describes the maximum and minimum velocity generated during the peristalsis motion 

for different flow time steps. The graph provides a clear insight into the flow dynamics of urine 
through the ureter. As per the graph, it is evident that the highest magnitude of velocity is developed 
at 4 s when urine enters the ureter. This sudden surge in velocity could be attributed to various 
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factors such as the contraction of smooth muscles surrounding ureters or pressure changes caused 
by urinary bladder contractions. Furthermore, we notice two more peaks in velocity at 6 s and 7 s on 
the graph. These peaks are due to a reduction in geometrical area and neck formation caused by 
peristalsis waves travelling down towards its outlet. As these waves travel further downstream 
towards their outlet, they tend to dissipate gradually resulting in reverse flow disappearing near the 
inlet of the ureter. 

 

 
Fig. 9. Velocity plot at flow time steps 

 
3.3 The Pressure Gradient Analysis 
 

The pressure gradient is an important factor to consider in the study of ureter dynamics. The 
results of this analysis are presented in Figure 10, which shows the pressure gradient along the axis 
for different time steps. It was observed that the maximum pressure gradient occurs during the 
contraction produced by the peristaltic wave. Furthermore, it can be seen from Figure 10 that there 
are peaks in the plot corresponding to the high and low-pressure formation during wave propagation 
on the ureter wall. These peaks represent changes in pressure as a result of variations in cross-
sectional area along the length of the ureter. Finally, it should be noted that our analysis revealed a 
maximum pressure gradient of 607.7 Pa/m recorded during the contraction of the ureter wall at a 
time step of 7 s.  This contraction is observed on the ureter at the outlet. This contraction can be seen 
clearly in Figure 10. Interestingly, it has been found that pressure gradients do not significantly affect 
the renal pelvic region (inlet) of a variable diameter ureter. However, as a wave travels through the 
ureter, it generates maximum pressure near its outlet which can potentially cause damage to the 
urethral wall at their junction. Understanding such processes is crucial for developing effective 
treatments for urinary tract disorders and improving overall health outcomes. 
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Fig. 10. Pressure gradient plot for the variable ureter diameter 

 

3.4 The Wall Shear Stress Analysis 
 

Figure 11 shows the wall shear stress developed during the bolus motion from the inlet to an 
outlet for the variable diameter ureter. It was found that the maximum shear magnitude of 0.111 Pa 
is located near the outlet at the time of 7 s. The high values recorded in the plot were due to 
contraction at these time intervals from 3 s to 8 s. Hosseini et al., [42], and Vahidi et al., [41] found 
that high shear stresses arise in the area around the contraction.  It is clear from Figure 10 and Figure 
11 that the maximum pressure gradient leads to maximum wall shear.  

 

 
Fig. 11. Wall shear plot for variable diameter ureter 
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3.5 Limitations of the Current Work 
 

The study used variable diameter ureters to explore pressure dynamics. Results showed high-
pressure regions in front of the bolus, but pressure decreased towards an outlet. Reflux occurred in 
the neck region. Ureter diameters vary from 2 mm to 8 mm despite being commonly considered 3mm 
or 2 mm. It has been observed that multiple peristaltic waves can be simulated on the variable 
diameter ureter and length. However, it is important to note that a fixed input velocity of 20 mm/s 
was considered for this study. It would be interesting to explore different input velocities could affect 
the peristaltic effect on the ureter wall. This could provide us with a better understanding of changes 
in flow rate or speed may impact urinary tract function. To further investigate this phenomenon, 
rapid prototype techniques have been suggested as an effective means of creating a 3D-printed 
model of the ureter for experimental analysis. By using such models, researchers can simulate various 
conditions and observe the peristalsis in real time. 

 
4. Conclusion 
 

The study examined the ureter's diameter during peristaltic wave motion and found it has three 
segments with varying lengths of 74-100 mm. A standard length of 100mm was used for consistency 
in measurements. At time step 2 s, the urine starts flowing into the ureter. The first bolus formation 
commences at a time step of 3 s and ends at 8 s. Hence the ureter wall is analyzed at 3 s to 8 s, it was 
found that the maximum pressure is generated in front of the propagating bolus. However, the 
maximum pressure is found behind the bolus in the constant diameter ureter. For the peristaltic wave 
motion, the maximum pressure of 1.56 Pa is recorded at 3 s due to the reduction in the area at the 
inlet of the ureter. Due to a narrowing in the area towards the outlet, the pressure will decrease. It 
was found that in the neck region, the negative pressure formed due to peristaltic, leading to reflux 
formation in the ureter.  Contraction and the narrowing area result in a high-velocity jet flow in the 
neck region. The maximum velocity of 0.0411 m/s is recorded at time 4s. Trapping of a bolus by 
contraction in the flow leads to reverse flow formation in the neck region. The reverse flow advances 
the urinary tract infection and results in the bacteria and toxins from the UPJ to the kidney. This may 
further lead to serious kidney problems over a period of time. It was found that with a variable 
diameter ureter, the maximum pressure gradient is recorded at the contraction produced by the 
peristaltic wave. This contraction is observed on the ureter at the inlet. The maximum pressure 
gradient of 607.7 Pa/m and the maximum shear magnitude of 0.111 Pa are recorded at the wall 
contraction of the ureter in the time step of 7 s. The high shear stress can rupture the junctions in 
the ureter. This work has a clear idea for pressure and velocity plots for variable diameter, which 
mimics the flow generated by the patient-specific model. However, the rupture shear stress values 
are still unknown due to the properties of the ureter wall and the ureter density in each layer varying. 
These parameters are essential for clinicians to understand its effect in the unobstructed variable 
diameter ureter. This article may help to build medical devices for engineers. Further experimental 
work can be carried out by manufacturing ureter tubes using appropriate rapid prototyping 
techniques that help to understand the impact of shear stresses on constrictions of the ureter. Also, 
patient-specific modelling and analysis can be carried out to know the effect of the different wall 
densities of the ureter.  
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