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CLINICAL STUDY

Do the variations in renal pelvic angles play a role in the formation of
renal stone? A computed tomography study

Bekir Sanal1, Mehmet Korkmaz1, Fatma Can1, Bekir Aras2, and Ayla Buyukkaya3

1Department of Radiology and 2Department of Urology, Faculty of Medicine, Dumlupinar University, Kutahya, Turkey, and
3Department of Radiology, Ataturk Goverment Hospital, Duzce, Turkey

Abstract

Objective: In this study, we aimed to investigate the effect of variations in renal pelvic angle on
urinary calculi development. Materials and methods: A total of 2456 unenhanced abdominal CT
scans were retrospectively evaluated and 262 kidneys of 131 patients were compared. Patients
included in this study were identified and qualified as follows: Having unilateral calculi, having
no calculi or a history of calculi in contra-lateral side and having totally normal renal
morphology. Results: The mean angle of kidneys with calculi was 55 ± 9�, while the average
angle measurement was 61 ± 11� in kidneys without calculi. The mean angle measured from
the kidneys with calculi was statistically smaller (p50.001). Conclusion: Our study suggests that
the possibility of calculi development in kidneys, which have more anteriorly localized pelvic
angulation tends to be significantly higher in individuals, who did not have any congenital or
acquired renal pathology before.
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Introduction

Renal stone disease is a common condition with an incidence

rate between 4% and 20% worldwide.1 Underlying etiopatho-

genesis of renal calculi has not been fully revealed yet,

although a wide spectrum of complicated mechanisms

including metabolic, epidemiologic and anatomical factors

have been suggested to explain the formation of renal

stones.1–5 Both kidneys are equally affected from these risk

factors; however, stones are formed only in one kidney in

some patients and the recurrence of calculi formation occurs

at the same kidney. Beside this, renal stones can also be

observed even in some individuals with relatively very low

risk.2,4,6 This condition does not necessarily depend on

metabolic or epidemiologic factors, which in turn may

suggest that structural kidney abnormalities and variations

may play a role in stone formation process. The incidence of

renal stone can increase due to urinary obstruction and stasis

seen in some major renal abnormalities such as horseshoe

kidney, malrotation, renal ectopia and fusion. However, only a

few patients who have a unilateral stone suffer from

abnormalities.4,7–10 This raises the following question: Can

anatomical variations lead to stone formation? Conducted

studies in this field have indicated that renal stones more

commonly occur due to dependent anatomical configuration

of the lower pole calyxes in addition to their other features

and it is more frequent in kidneys of people who sleep at the

same side position in bed.2,4,10,11 Individual habits and minor

variations in anatomical structure have a disadvantage and

accumulated urine has to flow into the renal pelvis against

gravity, which in turn may ameliorate the calculi formation.

The CT scans of healthy people reveal that renal pelvis

angles vary for each individual and even between two sides

(Figures 1 and 2).8 It can be assumed that urinary flow

between the calyxes and pelvis gets slower in supine position

in anteriorly faced kidney hilus. A person spends a consid-

erable time in sleep and the possibility of renal stone

occurrence is more pronounced during the nocturnal period

when the urinary density reaches to its maximum point via

accumulation of various crystals.2 In this study, we aimed to

investigate the effect of renal pelvic angle on calculi

formation by evaluating the patients with unilateral kidney

stone who have normal kidney morphology.

Materials and methods

Patients

A total of 2456 unenhanced abdominal CT scans which have

been performed between 1 January 2013 and 30 March 2014

dates at radiology department of our hospitals were retro-

spectively examined. Based on these CT scans, 398 patients

who were older than 18 were identified to have a calyx stone

only in one kidney. Individuals with renal parenchymal defect,
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chronic kidney failure, renal hypoplasia/agenesis, major renal

structural abnormality (horseshoe kidney, pelvic kidney, etc)

and those who have had additional pathologies such as

parapelvic cysts, hydronephrosis, ureteral or pelvic stones,

hepato-splenomegaly, tortuosity in renal artery, perirenal

edema and inflammation, which may affect the pelvic

shape-angle were excluded from the current study.

Malrotations at borderline level (nonrotation, reverse rotation

and hyper rotation) were not taken into consideration,

whereas only the kidneys at anteromedial position within

90� of range were selected. Moreover, CT scans that displayed

scoliosis and similar vertebral abnormality which might

technically complicate the measurements and distorted

images were not included to the study. Hospital registry

records and oldest CT images of the remaining 305 cases

were reviewed. Patients who have a previous history of

passing stone from the other kidney were also excluded. The

study was finally designed with the remaining 131 cases

(Figure 3).

Evaluation of the CT images

CT images were taken via using a dual-slice CT scanner

(SOMATOM Spirit, Siemens Medical Systems, Erlangen,

Germany). Measurements were made on scanned CT images

with magnification on transverse plane. The sagittal median

line that divides the adjacent vertebrae into two equal parts

was taken as the vertical reference line. Slices with clear renal

pelvic appearance were selected. The angular degree between

renal pelvic line and the sagittal median line was accepted as

the renal pelvic (or hilar) angle (Figure 4).8,12 Whole

measurements were performed on the same medical system

(Siso Viewer—V2.9) and two radiologists who have more

than 10 years of experience in abdominal CT field examined

the images.

Statistical analysis

Angle measurement results were assessed via using SOFA

statistics v.-1.4.2 open source software (www.sofastatistics.-

com, Paton-Simpson & Associates Ltd.) and independent t-

test was used for group comparison. Patients who have calculi

were assigned to the patient group and those who did not have

any stone were included to the control group.

Results

Of the whole participants, 51 were female (39%) and 80 were

male (61%). The mean age was 39 ± 15 years and the age

Figure 1. Difference of the renal pelvis angle from one person to another.

Stone only in a single kidney

Stone only in a single kidney and no
addi�onal renal patology

Stone only in a single kidney and no
stone history in contra-lateral kidney

Total pa�ents

2456

398

305

131

Figure 3. Patient selection.

Figure 2. Difference of the renal pelvis angle from right to the left side.

Figure 4. Measurement of the bilateral renal pelvis angle on computed
tomography image.
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range was between 18 and 79. Mean pelvic angle of the

right kidneys was 61 ± 11� (30–85), while the mean pelvic

angle of the left kidneys was 55 ± 10� (34–81). The angles

of both kidneys were statistically different (p50.001).

Patients of both genders had similar renal pelvic angles in

their right and left kidneys and did not display any

statistically significant difference (right kidney p¼ 0.047;

left kidney p¼ 0.053). In evaluation of the right kidneys, 61

(46.56%) have had stone. When the left kidneys were

assessed, 70 (53.43%) kidneys were found to have stone. The

mean angle of kidneys with stone was 55 ± 9� (30–82),

while the mean angle of kidneys without stone was 61 ± 11�

(32–85). The angle of kidneys with stone was statistically

smaller (p50.001).

Discussion

Our study has revealed that the minor rotational variations

between the right and left kidneys that were not at the

borderline of anomaly could play a role in renal stone

formation. Kidneys with anteriorly faced pelvis tend to more

easily develop calculi. Numerous studies conducted to date

have focused on to reveal the mechanisms underlying the

stone formation with metabolic factors. However, this may not

be enough to fully explain why calculi development occurs

only in one kidney though both were exposed to same

metabolic condition or why only in some renal calyces have

stones in one kidney. The recurrence of stones mainly

encountered at the same side with former calculi, which in

turn suggests that anatomical kidney and calyx variations may

play a role in this process.5,6

Malrotation abnormalities which seen during embryonic

development are associated with horseshoe or ectopic

kidneys. The abnormal course of the ureter and abnormal

positioning of the ureteropelvic junction can lead to urinary

stasis and stone formation.7–9 Moreover, the removal speed of

the calculi from a normal kidney is faster than that of the

malrotated one during ESWL treatment.13 These well-defined

renal anomalies are known to be effective in renal stone

formation and the removal speed of the calculi as well as our

study demonstrates that subtle rotation differences of the

kidney may also be an effective factor.

Anterior localization of the pelvis decreases the mean

renal angle and this may give rise to an increase in

accumulation of the calcified matters. There are two

possible mechanisms which have been postulated to explain

this condition: First, the passage of urine from pelvis to the

ureter is probably slower in kidneys with anteriorly faced

pelvis (small-angle) due to gravity during supine position

sleeping, compared to those of with medially faced pelvis.

This is like the flow of water from a fountain and ultimately

it may lead up to partial urinary stasis. In addition to this,

nocturnal stone formation is more pronounced due to the

maximum saturation of urine due to several crystals,2

which is disadvantageous for the kidney in supine position

at night and this may induce calculi development in long

term.

Second, minimal excessive or insufficient kidney rotation

prevents the renal pelvis from attaching to the ureter on the

same oblique-sagittal plane. This may slow down the

ureteropelvic passage of urine because of a small-step effect

and result in chronic partial stasis. This would predispose the

kidney to stone formation.

It is a reality that people do not sleep on the only

supine position at night. However, on the prone position both

renal pelvises are situated in the dependent position and

urinary flow is toward the gravity and on the right and left

lateral positions one kidney compensates the other one.

One of the kidneys fall into a disadvantageous position only

on the supine situation because of the difference of its pelvic

angle.

Our study was subject to specific limitations. First, this is a

retrospective study and therefore, it is not possible to suggest

whether the patients with unilateral renal stone will develop

calculi in the other kidney as well in the future. Second, the

metabolic conditions of the patients with respect to stones

disease were not analyzed. Additionally, renal position change

is associated with the body position.

Conclusion

In conclusion, our study demonstrates that the rotational

angle of the kidney might play a role in the formation of

stone in individuals with normal kidneys. Stone is formed

more easily or earlier in kidneys the pelvis of which faces

anteriorly. However, our findings should be confirmed by

prospective studies and studies done with wider case

series.
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