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Abstract

Aim: Despite semi-rigid ureteroscopy being the standard treatment for ureteral stones, it is hard to understand whether the treatment has 
reached success mainly in an early period. It  This study aimed to investigate the shape differences in the CT images of kidneys and collecting 
systems compared between preoperative and postoperative periods terms.

Methods: Kidney and collecting system CT images for both terms were evaluated with statistical shape analysis to detect any morphological 
changes.

Results: High levels of kidney deformations were observed at the medial point of the superior segment and the extremitas superior. For the 
collecting system, a high level of deformation was is seen in the area around the hilum renal inferior. The two periods have no significant shape 
difference between the kidney and the collecting system.

Conclusion: The most significant aspect of this study is the quantitative quantitatively demonstration, for the first time, of the shrinking 
observed in the kidney and collecting systems following treatment for ureteral stones. Our method gives objective and qualitative results by 
making appropriate landmarks landmarking on the CT image by a physician familiar with the renal anatomy. This new method can be used to 
follow up stone-induced obstruction due to its ease of application and objective results.
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Introduction

Semi-rigid ureteroscopy is the standard treatment for ureteral 
stones. Although it is known as the most effective treatment 
method for patients with ureteral stones, it is hard to understand 
whether the treatment has reached success, mainly in an early 
period. Ureteral stone patients account for about 70% of those 
treated for stone disease.1 In the management process of the 
patients with ureteral stone, the aim is to protect the kidney from 
possible morbidities and make the collecting system stone-free. 
Hydronephrosis is seen in 92-94% of the patients with ureteral 
stones.2 When the obstructing ureter stone occurs, it first causes 
the collecting system pressure to increase and causes dilatation 
of the renal pelvis and calyces and stretching of the renal capsule. 
Peristalsis is subsequently disrupted, and collecting system 
pressure increases further, resulting in renal failure. Dilatation 
in the collecting system and blunting of the papillary tips are 
present 42 hours after the onset of obstruction.3 The kidney size 
expands and shows a cystic appearance compared to the normal 
opposite side kidney after 6 weeks of obstruction.4 Drainage can 
be provided temporarily by percutaneous nephrostomy or ureteral 
stents that are similar in effect and complication.5 However, the 
primary treatment is to eliminate the cause of obstruction. Delay 
of drainage can lead to fever, infection, and renal failure. Studies 
have shown that one-third of patients with unilateral stone-
induced obstruction lasting more than 4 weeks have irreversible 
renal injury.6

The severity of obstruction is a determines determinant of both 
kidney function loss and stone management.3,7 After hydronephrosis 
has been is eliminated, the damage progression is prevented, and 
the kidney starts to function again. Therefore, even if there are 
is no signs of pain or infection, hydronephrosis must be treated.7

It is generally accepted that hydronephrosis regresses and kidney 
size decreases after ureteral stone treatment. Hydronephrosis 
regression and kidney shrinkage may indicate be used as an 
indicator of the resolution of the obstruction after adequate 
treatment. With the decline in hydronephrosis, it is evident can 
be seen that the patient is steering clear of progressive kidney 
damage caused by obstruction. However, this decline has been 
demonstrated using the grading systems described in the imaging 
methods. Moreover, to the best of our knowledge the results have 
yet to be demonstrated quantitatively. to the best of our knowledge. 
We believe think the decrease in hydronephrosis and kidney sizes 
should be demonstrated objectively and quantitatively after ureteral 
stone treatment. Many studies in the field of medicine consider 
the geometrical properties of organs or organisms, by taking 
its geometrical properties into  and morphometric methods are 
frequently preferred for examining the structures and geometrical 
properties of organ-related diseases.8-11 Morphometric studies 
have been performed on kidneys, but modeling is mainly aimed 
at applying segmentation to various imaging methods.12-14 Studies 
have been carried out on with the morphometric character of the 
kidney tumor or infundibulopelvic angle calculation to decide the 
treatment method for the tumors or lower pole stones.15,16 Studies 
using statistical shape analysis are new to the literature, and the 
only study with kidney shape probabilistic occupant models belongs 
to Yates and colleagues.17

Along with the advances in imaging technology and software that 
enables this technology to be integrated into medicine, geometric 
change in the shape of the organ or structure of interest can be 
analyzed using key points called landmark, which have anatomical 
significance. It is possible to work with geometric shapes by taking 

the coordinates of the landmarks as the variables in the figure 
from the measurements taken from the organisms. Statistical 
shape analysis is a modern geometric morphometric method that 
uses the shape of organs or organisms as input data.18 Statistical 
shape analysis also stands out as an auxiliary tool that allows the 
interpretation of structural differentiation in the relevant organ, by 
considering the changes in shape.

We hypothesized that the collecting system and kidney sizes shrank 
shrink after ureteral stone treatment and that this shrinkage 
could be shown quantitatively with landmark-based geometric 
analysis. In this study, we aimed to compare similar areas in at 
CT images taken from the pre- and post-operated patients with 
ureterolithiasis and thus to show whether there is a significant 
decline as expected.

Materials and Methods

This study used the coronal abdominal CT scans of 17 (12 male, 5 
female) patients with ureteral stones with a mean age of 69.2 ± 
6.9. Six of the 17 patients’ CT scans were of the right and 11 were 
of the left kidney. The non-contrast CT scans of patients admitted 
to the Zonguldak Ataturk State Hospital Urology Clinic were 
evaluated retrospectively between from December 2019 to and 
March 2020. Patients who underwent semirigid ureterorenoscopy 
due to proximal ureteral stones were selected. separated. Only 
completely stone-free patients without any ureteral catheter 
after semirigid URS were included in the study. Among patients 
whose images could be accessed, those patients with anatomic 
renal malformations, previous kidney surgery, and accompanying 
kidney stones were excluded. The same surgeon operated on all 
patients after they received receiving general anesthesia. Then, a 
9.5Fr semi-rigid ureteroscope (Karl Storz, Tuttlingen, Germany) and 
a Holmium YAG laser (SphinX 30 litho, holmium-YAG laser, LISA 
Laser Products–GmbH, Germany) were was used in the lithotomy 
position. A gGrasping forceps were was used for extracting 
fragments. Non-contrast CT scans were obtained one month 
before surgery and on the 30th day postoperatively. All CT imaging 
examinations were performed on a 16-slice SOMATOM Sensation 
CT scanner.(Siemens AG, Forchheim, Germany)

Collection of Two-Dimensional Landmarks
Data of the regions marked in the kidney and collecting system 
were collected from two-dimensional digital images. In each 
image, markings were made in the middle section of the kidney 
in the coronal plane. Thirteen landmarks for the kidney and ten 
landmarks for the collecting system.(Table 1) were considered 
from the image corresponding to the coronal plane and marked 
using TPSDIG version 2.04 software. The landmarks were chosen 
based on reliability and anatomical coverage to maximize the 
description of the kidney and collecting system. description. Mirror 
images of six right kidney images were taken and analyzed on the 
same plane.

Geometric Morphometric Analysis
Statistical Shape Analysis
Statistical shape analysis of the pre- and post-treatment kidney 
and collecting system images of 17 patients was performed. The 
Generalized Procrustes analysis was used to obtained the mean 
kidney and collecting system shapes in pre- and post-treatment 
phases and the related tangent coordinates. Procrustes analysis 
is the an approach that obtains the minimum sum of squared 
differences between the landmarks.19 Principal coordinate analysis 
(PCoA), a type kind of ordination method also known as metric 
multidimensional scaling, was applied to tangent coordinates 
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derived from the Procrustes analysis. The PCoA routine finds the 
eigenvalues and eigenvectors of a matrix containing the distances 
or similarities between all landmark points. Euclidean distance 
is used in PCoA. The Eigenvalues were computed to measure 
the variance accounted for by the corresponding eigenvectors 
(coordinates). The percentages of variance accounted for by these 
components were are also reported. After that, the classification 
and changes of patients were examined for pretreatment and 
post-treatment time points using PCoA. The shape deformation of 
the kidney and collecting system from the pre- to post-treatment 
phases was evaluated using the thin plate spline (TPS) method, 
derived from a mathematical model used in computer graphics 
and applied to morphometrics by Bookstein.20 The points exhibiting 
the greatest enlargements or reductions, labeled as deformations 
were established through the TPS analysis.

Ethical Approval
This study was approved by the Ethics Committee of Zonguldak 
Bulent Ecevit University (Date: 08.07.2020, Decision No: 2020/14-
11).

Statistical Analysis
Data regarding sex are presented as frequency (%), and those data 
for age are presented as mean and standard deviation values. For 
statistical analysis, R 3.5.1, PAST 3.0 and SPSS 21 softwares were 
used.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

Figure 1 shows the combined Procrustes mean shapes for the 
kidney and collecting system. Procrustes mean shapes (Figure 2a) 
were obtained as a result of landmark markings from pre- and 
post-treatment periods of the kidney. PCoA was applied to the 
tangent coordinates obtained after the Procrustes analysis. PCoA 
of the preop and postop terms showed a variance explanation rate 
for the first two coordinates (45.70% and 15.30%, respectively) 
considered in the study group of 61%.(Figure 2b) The convex hulls 
on the scatterplot indicate that the patients did not significantly 
differ in the pre- and post-treatment periods. TPS analysis was 

also performed using mean shapes obtained from the Procrustes 
analysis. The A high level of deformations for in the kidney from 
pre- to post-treatment term observed in the TPS graphic.(Figure 
2c) When the figure is examined, it is seen that in the area including 
the most medial point of the superior segment (Landmark 2) and 
extremitas superior (Landmark 3), an expansion occurred in the 
post-treatment period compared to the pre-treatment period. In 
addition to this, while the general shape of the kidney is determined 
to be have shrunk compared to the preoperative period, except for 
the area of landmarks 2 and 3, it is seen that the region where 
the shrinkage is observed at the highest level occurs in the region 
including the middle of the 9th and 11th points (Landmark 10) and 
extremitas inferior (Landmark 11).

Procrustes mean shapes (Figure 3a) were obtained as a result of 
landmark markings from the pre-treatment and post-treatment 
periods of the collecting system. PCoA was applied to the tangent 
coordinates obtained after the Procrustes analysis. PCoA of the 
preop and postop terms showed a variance explanation rate for 
the first two coordinates (43.15% and 20.56%) considered in 
the study group of 63.71%.(Figure 3b) The convex hulls on the 
scatterplot indicate that the patients did not significantly differ in 
the pre-treatment and post-treatment periods. TPS analysis was 
also performed using mean shapes obtained from the Procrustes 
analysis. The A high level of deformation in for the collecting system 
from pre-treatment to post-treatment term was observed in the 
TPS graphic.(Figure 3c) When the figure is examined, it is seen 
that in the area around the hilum renale inferior (Landmark 10), an 
expansion occurred in the post-treatment period compared to the 
pre-treatment period. In addition to this, while the general shape 
of the collecting system is determined to have be shrunk compared 
to the preoperative period, except for the area around landmark 
10, it is seen that the region where the shrinkage is observed at the 
highest level occurs in the regions mainly including inferolateral 
part of the collecting system as hilum renale superior (Landmark 1) 
and superior fornix of superior calyx group (Landmark 2), superior 
fornix of middle calyx group (Landmark 5) and inferior fornix of 
middle calyx group (Landmark 6), infundibular junction point of 
middle and inferior calyx groups (Landmark 7) and superior fornix 
of inferior calyx group (Landmark 8), superior fornix of inferior 
calyx group (Landmark 8) and inferior fornix of inferior calyx group 

Table 1. Definitions of landmarks used in the present study
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(Landmark 9).

Discussion

In this study, we have shown for the first time, that the size of 
the kidney and collecting system shrank quantitatively after 
ureteral stone treatment. In addition to the general changes, the 

landmark-based shape analysis approach showed us the changes 
on a regional basis. Although there is no statistical difference 
between the mean shapes before and after the treatment, 
kidney and collecting system shrinkage were was demonstrated 
in the deformation graphs. As a result of both analyses, it was 
found that the kidney showed the most significant change in the 
inferomedial part after the obstruction resolved. In addition to the 
general shrinkage in the figures, a slight expansion was found in 
the superomedial part of the kidney and the hilum renal area of the 
collecting system. It is noteworthy that the area in where which 
the enlargement is detected in the kidney is closest to the section 
of the collecting system that shows the most shrinkage, and the 
area where the enlargement in the collecting system is located 
is the region where the kidney shows the most shrinkage. These 
expansion areas may have appeared secondary to the deformation 
caused by the intense shrinkage regions.

The kidney is surrounded by the Gerota’s fascia like a natural 
anatomic barrier, which keeps the kidney immobilized and prevents 
the spread of perirenal fluid, hematoma, or infection. This fascia 
envelops the kidney from all sides except the inferior part. The two 
fascia leaves do not conjunct at the lower part of the kidney, which 
where remains are uncovered.21 The most shrinking areas of the 
kidney and collecting system that shrink the most are located in 
the inferior part due to the anatomy of the Gerota’s fascia, which 
that does not cover the lower kidney.

Limitations
Our study has some limitations. Firstly, the retrospective structure 
of the study and the low number of cases evaluated were significant 
drawbacks. Furthermore, the anatomical shape differences 
between the kidneys on both sides were not considered when 
mirroring the images. In studies to be conducted with more cases, 
the difference in mean shapes can be reported more significantly. 
This study showed shrinkage in the kidney and collecting system 
after ureteral stone treatment. To the best of our knowledge, this 
is the first study to show that pre- and post-treatment kidney and 
collecting system shapes of patients with ureteral stones can be 
compared using the landmark-based geometric morphometric 
method by considering the topographic distribution. We hope that 
the results obtained from this study will serve as a guide for to 
future clinical studies by demonstrating localized variations in the 
components of the kidney and collecting system.

Conclusion

As far as we know, no studies in the literature focus on kidney 
size after ureteroscopy. The change in collecting system 
dimensions after ureteroscopy has been revealed before. However, 
it has yet to be demonstrated using a as landmark-based or 
quantitative approach. quantitatively. Sarıca et al. showed that 
hydronephrosis levels decreased in patients operated on for 
ureteral stones. However, they only compared this to the degree 
of hydronephrosis.22 After ureteroscopy, Chen et al. showed that 
hydronephrosis regressed in groups with and without DJ stent. 
They also classified made classification patients as having 
hydronephrosis and no hydronephrosis.23 The results of both 
studies are presented given subjectively. Furthermore, unlike our 
study, Tahanaj M. et. al. studied on association of kidney shapes 
with via disease and anthropometric factors and found that kidney 
shape has a statistically significant association with chronic kidney 
disease, type-2 diabetes and hypertension.24 Our method gives 
objective and qualitative results by making appropriate landmarks 
landmarking on the CT image by a physician familiar with the renal 

Figure 1. The combined pre and post-treatment mean shapes for the 
kidney and collecting system

Figure 2.  (a: upper left) Procrustes mean shapes for the pre-
treatment and postop treatment phases kidneys of patients, (b: upper 
right) Scatter graphs with 95% confidence ellipses and

convex hulls obtained by Principal Coordinate Analysis results of 
patients (•: pretreatment; x: post treatment), (c: bottom) A thin-plate 
spline demonstrating the kidney shape deformation for post treatment 
term compared to pre-treatment

Figure 3. (a: upper left) Procrustes mean shapes for the pre-
treatment and postop treatment phases of collecting systems of 
patients, (b: upper right) Scatter graphs with 95% confidence ellipses 
and convex hulls obtained by Principal Coordinate Analysis results of 
patients(•: pretreatment; x: posttreatment), (c: bottom) A thin-plate 
spline demonstrating collecting systems shape deformation for post 
treatment term compared to pre-treatment
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anatomy. This new method can be used to follow up on stone-
induced obstruction due to its ease of application and objective 
results.
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