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ABSTRACT

ARTICLE INFO

Purpose: To analyze the renal length in patients submitted to computed tomography (CT
scans) and compare it according to age, gender, laterality and body parameters like height,
weight and Body Mass Index (BMI).

Methods and Methods: We analyzed 74 patients (148 kidneys) submitted to CT scans and
evaluated renal length in centimeters, gender, height, weight and BMI. The abdominal CT
scans acquisition and image analysis was done using 16 and 64 slice multidetector com-
puted tomography (MDCT) scanners to perform multiplanar reconstructions (MPR) and
measure the kidney length (KL) in coronal plane. The statistical analysis was performed
with the GraphPad Prism software (Version 9.2.0).

Results: The 74 patients analyzed (28 Males/37.83% and 46 females/62.17%) presented
mean age of 54. years-old, right kidney length between 8.4 to 13.1cm (mean=10.79) and
left kidney length between 8.3 to 13.1cm (mean=10.97). The kidney length on both sides was
significantly greater in male sex (p<0.001). The length of the left kidney was significantly
greater than that of the right kidney (p=0.017). The linear regression analysis showed non-
significant correlation between both right kidney length and positive correlations between
kidney length and BMI, weight and height.

Conclusions: CT scan accurately assessed renal length. We observed that renal length was
greater in males and in the left side. Weight, age, height and body mass index showed a
positive correlation with kidney length.
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INTRODUCTION

Knowledge of the normal sizes of the kidneys is
important to radiologists and urologists when assess-
ing the diagnosis and follow-up of renal diseases, using
ultrasound scan (US) (1, 2). Renal length (kidney length)
is an important parameter used in the clinical evaluation
of renal growth and abnormalities and to estimate the
renal cortex volume in chronic kidney disease (3-5). The
kidney size can be affected by several diseases (6).

Renal size estimation most commonly incorpo-
rates renal length, renal volume and cortical thickness
(3, 6, 7). The kidney length estimation is more solid be-
cause of its simple reproducibility, but the renal volume
estimation is more precise (3, 6, 7).

During partial nephrectomies to treat kidney tu-
mors the study of renal measurements and volume is
very important and has great impact to surgical plan-
ning (8). The renal length is influenced by the overall
body parameters, including age, height, weight and
body mass index (BMI) (8-10). A few studies have been
carried out on the normal dimensions of kidney size
around the world (1, 2, 5, 11).

To our knowledge there are no studies that ana-
lyzed the length of the kidney with the measurements
taken during CT scans and comparing the measure-
ments with body parameters. Our hypothesis is that kid-
ney length does not have important variations with age,
genders, height, weight and BMI. The objective of the
study was to analyze the kidney length in patients sub-
mitted to CT scans and compare it according to gender,
age, laterality and body parameters.

MATERIAL AND METHODS

This study was approved by the Ethical Com-
mittee on Human Research, of our institution with the
number (IRB: 76133 223.1.0000.5259) and we confirm
that all methods used in this paper were carried out
in accordance with relevant guidelines and regula-
tion. The study has also been registered in the Brazil
Plataform, Ministry of Health, National Health Coun-
cil, National Research Ethics Commission for stud-
ies with human beings. We confirm that all methods

used in this paper were carried out in accordance
with relevant guidelines and regulation in compli-
ance to the declaration of Helsinki.

We analyzed 74 patients (148 kidneys) submit-
ted to abdominal computed tomography (CT) for vari-
ous clinical indications in our institution between April
2024 and May 2025. We included patients up to 150 kg
and evaluated the renal length in centimeters, age, gen-
der, height, weight and Body Mass Index (BMI). We ex-
cluded patients with kidney anomalies, previous kidney
surgeries, tumors and cysts; patients with urinary ob-
structive factors and patients with kidney Infection and
renal failure.

The abdominal CT scans and image analysis
was done using 16 and 64 slice multidetector computed
tomography (MDCT) scanners. The reconstruction slice
thickness was 1.25mm and the contrast used was the
Henetix® 350 /Contrast dose 1.3 mL/ Kg. An experienced
radiologist evaluated the images acquired in the excre-
tory phase using the commercially available Picture Ar-
chiving and Communication System software (PACS)
Carestream® to perform multiplanar reconstructions
(MPR) and measured the kidney length (KL) in coronal
plane. The KL measurement was taken three times by
the single observer (12, 13), and the average was calcu-
lated (Figure-1).

Statistical Analysis

All parameters were statistically processed and
graphically described. The Shapiro-Wilk test was used
to verify the normality of the data. Student-t test was
used for comparison of quantitative data (p < 0.05), and
the level of significance was adjusted by the correction
of Bonferroni. Simple linear correlations were calcu-
lated for renal length according to patients age, height,
weight and BMI.

Simple linear correlations (r* values less than
0.4 reflect very weak correlation, while r? between 0.4
and 0.7 reflect moderate correlation and r® greater than
0.7 indicates strong correlation) were calculated for kid-
ney measurements, according to biometric parameters.
The statistical analysis was performed with the Graph-
Pad Prism software (Version 9.2.0).
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Figure 1 - Kidney Length measurement.

A

A) Schematic drawing of kidney length measurement and B) Kidney length measurement in coronal plane (red line) in a CT scan image acquired

during the excretory phase.

RESULTS

The 74 patients analyzed (28 Males - 37.83%
and 46 females - 62.17%) presented ages between
19 and 79 years-old (mean=541), weight between
50 and 121kg (mean=74.35), height between 150 to
186cm (mean=166.6), body mass index between 15.2
to 38.19 (mean=26.72), right kidney length between
8.4 to 13.1cm (mean=10.79) and left kidney length be-
tween 8.3 to 13.1cm (mean=10.97). The summary of
findings of the patients analyzed is reported in Ta-
ble-1. The renal length on both sides was significantly
greater in male sex (p<0.001). The length of the left
kidney was significantly greater than that of the right
kidney (p=0.017).

The linear correlation comparing renal length
and the biometric parameters analyzed were as-
sessed (Figure-2). The linear correlation comparing
renal length and age were positive, but the r? val-
ues less than 0.4 in the right and left side indicates a
very weak correlation. The linear regression analysis
shows non-significant correlation between both right
kidney length (r2=0.03041, p=0.1373, y=-0.01084x +

11.39) and left kidney length (r2=0.02422, p=0.1855,
y=-0.01029x + 11.53) with age.

The linear correlation comparing renal length and
BMI were positive, but the r* values less than 0.4 in right
and left side indicates a very weak correlation. The linear
regression analysis shows non-significant correlation be-
tween right kidney length and BMI (r2=0.05129, p=0.05123,
y=0.05055x + 9.488) and a significant correlation between
the left kidney length and BMI (r2=01004, p=0.0060,
y=0.07521x + 8.961).

The linear correlation comparing renal length and
height also indicates a weak correlation. The linear regres-
sion analysis shows a significant correlation between right
kidney length and height (r2=0.1703, p=0.0003, y=0.04192x
+ 3.814) and a significant correlation between the left kidney
length and height (r2=0.1926, p<0.001, y=0.04743x + 3.070).

The linear correlation comparing renal length
and weight also indicates positive correlation. The lin-
ear regression analysis shows a significant correlation
between right kidney length and weight (r2=0.1831,
p=0.0001, y=0.02799x + 8.717) and a significant cor-
relation between the left kidney length and weight
(r2=0.2632, p<0.001, y=0.03570x + 8.318).
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Table 1 - The table shows the parameters of our sample (74 patients) analyzed in the present study.

Parameters SEX Sample Mean SD IQR
Age(years-old) F 46 56.7 15168 2450
M 28 499 14.496 22.50
Weight (kg) F 46 68.5 1.833 13.50
M 28 839 13.337 13.50
Height_(cm) F 46 161.6 6.234 9.75
M 28 174.8 7493 725
BMI F 46 26.2 3.857 5.02
M 28 276 4725 613
RKL (cm) F 46 10.5 0.861 107
M 28 1.3 0.905 133
LKL (cm F 46 10.6 0.939 117
M 28 1.6 0.710 1.20

BMI = body mass index; RKL = right kidney length; LKL = left kidney length; SD = Standard deviation; IQR = Interquartile range

Figure 2 - The figure shows the linear regression analysis comparing the biometric data with renal length in
CT scans.
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A) Renal Length X Patients Age: The linear regression analysis shows non-significant correlation between both right kidney length (r2=0.03041, p=0.1373, y=-0.01084x
+11.39) and left kidney length (r2=0.02422, p=0.1855, y=-0.01029x + 11.53) with age; B) Renal Length X Body Mass Index (BMI): the linear regression analysis shows
non-significant correlation between right kidney length and BMI (r2=0.05129, p=0.05123, y=0.05055x + 9.488) and a significant correlation between the left kidney
length and BMI (r2=0.1004, p=0.0060, y=0.07521x + 8.961); C) Renal Length X Patients Weight: The linear regression analysis shows a significant correlation between
right kidney length and weight (r2=0.1831, p=0.0001, y=0.02799x + 8.717) and a significant correlation between the left kidney length and weight (r2=0.2632, p<0.001,
y=0.03570x + 8.318). D) Renal Length X Patients Height: the linear regression analysis shows a significant correlation between right kidney length and height
(r2=0.1703, p=0.0003, y=0.04192x + 3.814) and a significant correlation between the left kidney length and height (r2=0.1926, p<0.001, y=0.04743x + 3.070).

Int Braz J Urol. 2026; 52(3): €20269901 4/7



DISCUSSION

The kidneys are located at the retroperito-
neum, in contact with the major psoas muscle in each
side, and therefore their longitudinal axis parallels the
oblique direction of the psoas. The adult kidney has a
length around 12 centimeters (cm) that vary among eth-
nic groups and are influenced by other factors such as
body size, age and sex (14). The most accurate measure-
ment of kidney size is estimated by the kidney volume,
which could be correlated with biometric parameters
like height, weight, and total body area (15, 16). The pre-
cise calculation of renal volume with US would be inap-
propriate, since it can underestimate the renal volume
(17). Kidney volume is a better approximation of kidney
size than renal length because of the shape of the kid-
ney, but it is technically more demanding and needs
four measurements in two different planes (15, 17, 18).

Renal length may not be an absolute predictor of
overall kidney size, perhaps due in part to the fact that it
measures only a single renal dimension, which may be as-
sociated with several inconsistencies and individual varia-
tions (17, 18). The renal volume has been emphasized by
several authors as a true predictor of kidney size, however
the renal length is easier to measure and is considered a
good parameter for evaluating renal pathologies (19, 20).

Estimation of renal size could be a crucial step
in the evaluation and treatment of several diseases, in-
cluding cystic kidney diseases, chronic renal failure and
renal masses (21, 22). US is the standard imaging modal-
ity in the investigation of renal diseases due to its nonin-
vasive nature and easy availability; however it depends
on the operator. CT scans are more commonly used for
staging and characterization of renal cancer and could
be an option for renal volume estimation because it has
better accuracy in measurements (23).

Different studies have shown a correlation be-
tween renal measurements obtained via ultrasound and
somatic parameters. In this paper for the 1st time in lit-
erature we studied the correlations between the anthro-
pometric estimations with renal length using CT scans.
Capaccioli and collegues (24) found a good correlation
between age and kidney length. In a study with a larg-
er sample size, Safak and collegues (25) examined 712

healthy school-age children and reported that weight
best correlated with kidney length. The US reports are
inconsistent on the relationship between body indices
and renal morphology; some studies have found nega-
tive correlations between age and renal size (15,17,26). In
our paper the linear correlation comparing renal length
and age were positive, with a very weak correlation.

Several studies show that the renal length
measurements were significantly associated with body
mass index (BMI), weight, and body surface area (5, 8,
9). Emamian and collegues (27) reported evidence link-
ing kidney length to weight, height, and body surface
area, and BMI, while Han and Babcock (28) reported a
correlation between kidney length and BMI. In our study,
correlations show that weight, height, and BMI are sig-
nificantly associated with renal length, especially for the
left kidney. BMI and height were significant predictors
for the right kidney, while sex and BMI were significant
for the left kidney. The results indicate significant differ-
ences in kidney length between sexes, with men having
larger kidneys, which may be related to anthropometric
differences, such as greater weight and height.

Some studies have demonstrated no signifi-
cant differences between the left and right kidney sizes.
However, in our study the left kidney was significantly
larger than the right kidney, which is similar to what was
reported in other studies (5, 8, 9, 17, 26). The significant
difference between the length of the right and left kid-
ney suggests anatomical asymmetries, consistent with
previous studies. The reasons to explain the difference
between the length of the right and left kidney would
be that the spleen smaller size compared to the liver,
so the left kidney has more space to grow and the fact
that the left renal artery is shorter than the right one, so
increased blood flow in the left renal artery may result in
a relatively increased size of the left kidney (14).

We should mention some limitations of this
study: small sample size, study carried in a single insti-
tution, and we did not measure the renal volume.

In conclusion the CT scan accurately as-
sessed renal length. We observed that kidney length
was greater in males and in the left side. Weight, age,
height and body mass index showed a positive cor-
relation with kidney length.
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ABBREVIATIONS

CT = computed tomography

BMI = body mass index

MDCT = multidetector computed tomography

PACS = Picture Archiving and Communication System
software

MPR = multiplanar reconstructions

KL = kidney length

US = Ultrasound Scan
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