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Abstract
Background: Establishing a customized reference chart and curve of renal size for a specific population of the same 
sociodemographic characteristics enables a better interpretation of sonographic assessments.
Objective: To evaluate the morphology of kidneys using ultrasound and establish the normal limits and percentile curves 
among apparently healthy children in northwest Ethiopia, 2021.
Design: A hospital-based cross-sectional study design.
Setting: The study was conducted in Debre Markos comprehensive specialized hospital, Finote Selam general hospital, and 
Bichena primary hospitals.
Patients: The study participants were 403 apparently healthy school-age children, from December 2019 to June 2020.
Methods: Data were collected using a structured questionnaire, physical examination, and ultrasound. We used EPI-Data 
Version 3.1 for data entry. Height and body surface area–related kidney length and volume curves and tables were generated 
after lambda-mu-sigma (LMS) quantile regression with a Box-Cox Transformation to Normality using the vector generalized 
additive model (VGAM) method and generalized additive model for location, scale and shape (GAMLSS) (R, VGAM, and 
GAMLSS package).
Results: The height and body surface area of children was the best predictor of the sonographic dimensions of the kidneys. 
Reference intervals were established using height and body surface area specific for clinically practical dimensions of the 
kidney (length and volume).
Limitations: Calibration of measuring tools in the hospitals was not conducted frequently; community fatigue due to 
presence of many research projects in the selected hospitals was observed.
Conclusions: According to this study, the children are considered to have normal sonographic dimensions if ultrasound 
values lie between the 2.5th and 97.5th percentile based on their respective height and body surface area.

Abrégé 
Contexte: L’établissement d’un tableau de référence et d’une courbe de la taille des reins adaptés à une population spécifique 
ayant les mêmes caractéristiques sociodémographiques permet d’améliorer l’interprétation des évaluations échographiques.
Objectif: Examiner par échographie la morphologie des reins chez les enfants apparemment en bonne santé du nord-ouest 
de l’Éthiopie et en tirer des limites normales et des courbes de percentiles (2021).
Conception: Étude transversale en milieu hospitalier
Cadre: L’étude a été réalisée à l’hôpital spécialisé Debre Markos, à l’hôpital général Finote Selam et dans les hôpitaux de 
soins primaires de Bichena
Sujets: L’étude porte sur 403 enfants d’âge scolaire en apparente bonne santé, entre décembre 2019 et juin 2020.
Méthodologie: Les données ont été recueillies à l’aide d’un questionnaire structuré, d’un examen physique et d’une 
échographie. Nous avons utilisé EPI-Data version 3.1 pour la saisie des données. Des courbes et des tableaux relatifs à la 
longueur et au volume des reins en fonction de la taille et de la surface corporelle ont été générés après une régression 
quantile LMS avec une transformation vers la normalité de type Box-Cox en utilisant la méthode VGAM et GAMLSS 
(packages R, VGAM et GAMLSS).
Résultats: La taille et la surface corporelle des enfants se sont avérés le meilleur prédicteur des dimensions échographiques 
des reins. Les intervalles de référence ont été établis en fonction de la taille et de la surface corporelle spécifiques aux 
dimensions cliniquement pratiques des reins (longueur et volume).
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Limites: L’étalonnage des outils de mesure dans les hôpitaux n’a pas souvent été effectué; une certaine fatigue due à la 
présence de nombreux projets de recherche dans les hôpitaux sélectionnés a été observée dans la communauté.
Conclusion: Selon cette étude, les enfants sont considérés comme ayant des dimensions échographiques normales si les 
valeurs échographiques se situent entre le 2,5e et le 97,5e percentile selon leur taille et leur surface corporelle respective.
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Introduction

Renal size assessment is vital in the evaluation, diagnosis, 
and follow-up of pediatric patients with kidney, ureters, and 
bladder pathology, as well as for urinary tract infection as 
many renal disorders will affect the kidneys’ growth and 
development.1,2 However, to detect changes, prior knowl-
edge of the actual normal size of these viscera is required in 
the population being studied.3

The development or increase in the size of the kidney 
stops at the age of 25 or 26 years. When the kidneys stop 
increasing in size, the average length usually reaches 12 cm 
while the breadth is approximately 6 cm, and the mean thick-
ness of the kidney is around 3.0 cm. The size of the kidney 
can still grow after maturation if one of the kidneys was 
removed to compensate for the functions of the other 
kidney.4

Medical imaging techniques permit the observation of 
anatomical structures in living people and the study of their 
movements in normal and abnormal activities. Identifying 
normal structures on radiographs makes it easier to recognize 
the changes caused by disease and injury.5

However, routine computed tomography and magnetic 
resonance imaging for the diagnosis and serial follow-up of 
patients for kidney disease is difficult to justify because of 
the radiation exposure, the cost, and limited availability in 
many areas of the world, particularly in developing coun-
tries. So, ultrasonography is an established, safe, fast, and 
reliable method for measuring kidney sizes.6,7 Sonography is 
an essential tool in nephrology for not only the diagnosis and 
management of kidney disease but also the guidance of inva-
sive procedures. Sonography is also useful in determining 
agenesis, hypertrophy, atrophy, and ectopic location of the 
kidneys. The evaluation is challenging because the normal 
size varies because of nutritional factors, body habitus, geo-
graphical location, physical activities, genetic differences, 
race, and ethnicity.8-12

Size is a key parameter that should be measured carefully 
as it is the basis for important clinical decisions. Renal length 
and volume are important indicators for disease progression 
in urology and nephrology practice. They are also important 
clinical parameters in evaluating and following up with a 
kidney transplant recipient, patients with hypertension and 
renal insufficiency related to renal artery stenosis, and 

patients with recurrent urinary tract infections.13,14 Because 
therapeutic decisions frequently are based on the results of 
these dimensions, accurate and reproducible methods for 
assessing renal length and volume are of great importance.15 
In addition, an understanding of reference values of normal 
renal metrics is critical to assess alterations from these 
values.

The purpose of this study was to determine the normal 
range of kidney size in healthy pediatric patients and to 
establish the parameters for normal variation based on a 
large series of pediatric ultrasound examinations. The study 
provides percentile curves and charts for the objective deter-
mination of renal size.

Materials and Methods

Study Design and Setting

The institutional-based cross-sectional study design was 
conducted among 403 school-age children, from December 
2019 to June 2020 in Debre Markos comprehensive special-
ized hospital, Finote Selam general hospital, and Bichena 
primary hospitals of east and west Gojjam zone, northwest 
Amhara.

Study Participants

All children of 7 to 15 years who came to the hospital pedi-
atrics departments during study periods for a follow-up 
examination for mildly treated conditions or examined 
because of problems unrelated to the kidneys or for a routine 
check-up were included in the study. Children with any clini-
cal evidence of kidney disease were excluded from the study. 
Any abnormal sonographic findings of kidney-like paren-
chymal mass lesions and hydronephrosis were excluded 
from the study. In total, 403 children who fulfilled the inclu-
sion criteria were included in the study.
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Data Collection Procedure and Quality Control

The sociodemographic characteristics of the study partici-
pants were collected using a structured interviewer-admin-
istered questionnaire. Anthropometric measurements of 
the participants, height (cm), weight (kg), waist circumfer-
ence (cm), body mass index (BMI), xipho-pubic distance 
(cm), and abdominal volume were rigorously evaluated. 
Height was measured by a stadiometer and weight with a 
standard beam balance scale (digital). Waist circumference 
was got at the midpoint between the lowest rib and the iliac 
crest using a tape meter. We calculated BMI as body weight 
(kilograms) divided by body height (meters) squared. 
Body surface area (BSA) was calculated according to the 
Mosteller formula: BSA (m2) = square root of ([Height 
(cm) × Weight (kg)] / 3600).16 The abdominal volume was 
computed according to the standard formula: (waist 
Circumference / 6.28)2 × xipho-pubic distance × 3.14.17 
All anthropometric measurements were taken by 3 trained 
data collectors.

Sonographic evaluation: Kidney measurements were 
performed in a lateral decubitus position using a curvilin-
ear probe. All measurements of kidneys were made during 
quiet breathing in younger children and in older children, 
measurements were made while they were holding their 
breath. The kidney was identified as having a brightly 
echogenic renal capsule with a central (sinus) echogenicity. 
The superior and inferior poles were identified and marked 
in the longitudinal scan of the kidney; the renal length was 
taken as the longest distance between the poles using an 
electronic caliper. The thickness was measured on the lon-
gitudinal scan, and the maximum distance between the 
anterior and posterior walls at the mid-third of the kidney 
was taken as thickness. The renal width (W) was measured 
on the transverse scan, and the maximum transverse diam-
eter was taken at the hilum as the renal width. Scanning 
was conducted 3 times, and the average dimension was 
taken by the same professionals. Intra-rater reliability was 
assessed for the longitudinal dimension and volume of 
both kidneys. Accordingly, intra-rater reliability of the 
length of the right kidney was 0.921, 0.901, and 0.93; and 
for the volume of the right kidney was 0.911, 0.90, and 
0.901 in Debre Markos comprehensive specialized hospi-
tal, Finote Selam general hospital, and Bichena primary 
hospitals, respectively. Intra-rater reliability of volume of 
the right kidney was 0.923, 0.922, and 0.900; and for the 
left kidney was 0.901, 0.913, 0.933 in Debre Markos com-
prehensive specialized hospital, Finote Selam general hos-
pital, and Bichena primary hospitals, respectively. Due to 
the lack of radiography professionals, repeated measure-
ments were conducted by the same professional although it 
would have been better if measurements were recorded by 
different professionals. The volume of the kidney was cal-
culated using the prolated ellipsoid formula (Length × 
Width × Thickness × 0.523).18

Data Analysis

We used EPI-Data Version 3.1 for data entry. All analyses 
were performed using R v.4.2.1 (RStudio 2022.07.2+576). 
Descriptive statistics for continuous variables were described 
using central tendency (mean) and dispersion (standard devia-
tion). A 1-way analysis of variance (ANOVA) was conducted 
to compare the means of anthropometric measurements among 
children of each age group. A Pearson product-moment cor-
relation was run to determine the relationship between age, 
weight, height, waist circumference, xipho-pubic distance, 
BSA, abdominal volume, and sonographic measurements of 
the right and left kidneys. Height and BSA-related kidney 
length and volume curves and tables were generated after 
lambda-mu-sigma (LMS) quantile regression with a Box-Cox 
Transformation to Normality was fitted using the vector gen-
eralized additive model (VGAM) and generalized additive 
model for location, scale and shape (GAMLSS) method (R, 
VGAM, and GAMLSS package).

Results

Anthropometric Assessments of Children

A total of 403 apparently healthy children were enrolled in 
this study. A 1-way ANOVA was conducted to compare the 
means of anthropometric measurements among children of 
each age group. There was a statistically significant differ-
ence between groups as determined by 1-way ANOVA: F(8, 
394) = 191.66, P < .001, for height; F(8, 394) = 73.06, P < 
.001, for weight; F(8, 394) = 24.97, P < .001, for waist cir-
cumference; F(8, 394) = 101.95, P < .001, for xipho-pubic 
distance; F(8, 394) = 103.61, P < .001, for BSA; and F(8, 
394) = 44.53, P < .001, for abdominal volume (Table 1).

BMI Z Scores of the Children

The BMI Z-score cut-points of <−2.0, >1.0, >2.0, >3.0 are 
recommended to define wasted, at risk of overweight, over-
weight, and obese. Accordingly, 1% of the children were 
wasted and 72 (17.9%) children were at risk of being over-
weight. Otherwise, there were no overweight and obese chil-
dren in our study.

Sonographic Evaluation of the Kidneys 
and Anthropometric Measurements (Body 
Parameters)

The mean sonographic length, thickness, and width of the 
right kidney were 8.56 ± 0.85 cm, 4.41 ± 0.67 cm, and 5.57 
± 0.76 cm, respectively. Whereas the mean sonographic 
measurements of the left kidney were 8.52 ± 1.06 cm, 4.42 
± 0.60 cm, and 5.68 ± 0.63 cm, for length, thickness, and 
width, respectively. The mean volume of the right kidney 
was 112.88 ± 37.25 cm3, and that of the left kidney was 
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Table 1. Descriptive Analysis of Anthropometric Measurements of Children Based on Age (N = 403).

Age n

Height (cm) Weight (kg)

Waist 
circumference 

(cm)
Xipho-pubic 
distance (cm)

Body surface area 
(m2)

Abdominal  
volume (cm3)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

7 60 118.9 6.2 25.3 4.0 52.5 5.2 23.6 2.2 0.9 0.1 5233.0 1232.2
8 40 119.6 5.4 26.1 4.1 53.4 5.0 25.5 1.1 0.9 0.1 5824.7 1001.2
9 52 133.5 8.4 35.5 8.5 57.0 4.9 25.5 2.1 1.1 0.2 6585.0 958.7
10 76 134.8 7.5 36.4 7.3 56.8 3.6 28 2 1.2 0.1 7233.0 1156.7
11 16 140.5 0.5 49.8 0.9 62.8 0.4 27.3 0.4 1.4 - 8541.4 16.7
12 48 137.2 7.5 33.8 7.8 56.3 3.3 28.0 1.0 1.1 0.2 7075.7 870.9
13 34 153 1.1 44.8 5.5 61.6 1.7 31.4 1.0 1.4 0.1 9509.0 694.5
14 24 153.3 4.5 45.5 1.7 57.7 2.3 32.8 1.5 1.4 — 8690.2 585.4
15 53 150.4 2.6 44.0 5.9 59.1 4.2 30.8 3.1 1.4 0.1 7871.0 2563.3
Total 403 136.0 13.0 36.1 9.6 56.8 4.9 27.7 3.4 1.2 0.2 7107.8 1790.7

Table 2. Pearson Correlation Matrix of Right and Left Kidney Sonographic Measurements and Anthropometric Profiles of Children (N 
= 403).

Variables
Length of the right kidney 

(cm)
Volume of right kidney 

(cm3)
Length of the left kidney 

(cm)
Volume of left kidney  

(cm3)

Age in years
 r .609** .515** .286** .554**
 P value .000 .000 .000 .000
Height (cm)
 r .609** .560** .264** .589**
 P value .000 .000 .000 .000
Weight (kg)
 r .498** .467** .158** .628**
 P value .000 .000 .001 .000
Waist circumference (cm)
 r .487** .396** .149** .533**
 P value .000 .000 .003 .000
Xipho-pubic distance (cm)
 r .457** .473** .178** .482**
 P value .000 .000 .000 .000
Body mass index
 r .031 .084 –.007 .197**
 P value .531 .090 .893 .000
Body surface area
 r .555** .519** .198** .640**
 P value .000 .000 .000 .000
Abdominal volume
 r .505** .498** .170** .533**
 P value .000 .000 .001 .000

** and bold-faced value shows the strong correlation. 
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Table 3. Limit of the Length of the Right Kidney According to the Body Surface Area of Children Using Nonparametric Reference 
Limits (2.5th-97.5th and 5th-95th Percentiles) (N = 403).

Variable Centiles of the length of the right kidney

Body surface area (m2) 2.5th percentile (cm) 5th percentile (cm) 50th percentile (cm) 95th percentile (cm) 97.5th percentile (cm)

0.8 6.21 6.42 7.54 8.72 8.951
0.9 6.44 6.68 7.95 9.29 9.55
1.0 6.59 6.84 8.2 9.62 9.90
1.1 6.87 7.12 8.44 9.82 10.09
1.2 7.35 7.57 8.72 9.93 10.16
1.3 7.82 7.99 8.93 9.9 10.09
1.4 8.22 8.36 9.1 9.86 10.01

Table 4. Limit of the Length of the Right Kidney According to the Height of Children Using Nonparametric Reference Limits (2.5th-
97.5th and 5th-95th percentiles) (N = 403).

Variable Centiles of length of the right kidney

Height (cm) 2.5th percentile (cm) 5th percentile (cm) 50th percentile (cm) 95th percentile (cm) 97.5th percentile (cm)

112 6.54 6.74 7.68 8.5 8.65
115 6.52 6.74 7.8 8.73 8.89
120 6.48 6.75 8.03 9.12 9.31
125 6.51 6.82 8.26 9.47 9.68
130 6.76 7.06 8.48 9.68 9.89
135 7.03 7.29 8.56 9.64 9.84
140 7.41 7.63 8.66 9.57 9.73
145 7.79 7.96 8.8 9.56 9.7
150 8.19 8.33 9.04 9.7 9.82
155 8.69 8.81 9.45 10 10.1
159 9.11 9.23 9.82 10.4 10.5

115.72 ± 31.99 cm3. There was no significant difference 
between the right and left kidneys.

A Pearson product-moment correlation was run to deter-
mine the relationship between age, anthropometric, and sono-
graphic measurements of the right and left kidneys. The age 
and height of children were best correlated with the length (r = 
0.609, N = 403, P < .001) and volume (r = 0.560, N = 403, 
P < .001) of the right kidney. The sonographic measurements 
of the length of the left kidney were moderately correlated with 
age (r = 0.286, N = 403, P < .001) whereas the volume of the 
left kidney was best correlated with the weight of the children 
(r = 0.628, N = 403, P < .001) (Table 2).

Reference Intervals for Dimensions of the Kidneys 
and Body Parameters

Height and BSA-related kidney length and volume curves 
and tables were generated using nonparametric reference 

limits (2.5th-97.5th and 5th-95th percentiles) (Tables 3-10; 
Figures 1–8).

When to Say There Is Hypertrophy or Atrophy?

According to our study, the children are considered as having 
enlarged or atrophied kidneys when the length and/or volume 
of their kidneys are above 97.5th and below 2.5th percentile, 
respectively, based on the respective height and BSA.

Discussion

In the literature, there are few detailed studies to interpret the 
organ dimensions in school-aged children in Africa and 
Ethiopia. Sonographic determination of pathologic changes 
in the size of these abdominal organs necessitates knowing 
the normal ranges of their measurements especially concern-
ing anthropometric assessments in school-age children. The 
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Table 6. Limit of the Volume of the Right Kidney According to the Body Surface Area of Children Using Nonparametric Reference 
Limits (2.5th-97.5th and 5th-95th) Percentiles (N = 403).

Variable Centiles of the volume of the right kidney

Body surface area (m2) 2.5th percentile (cm3) 5th percentile (cm3) 50th percentile (cm3) 95th percentile (cm3)
97.5th percentile 

(cm3)

0.80 41.3 44.6 65.6 95.03 101.8
0.90 51.5 56.2 87.3 133.1 143.9
1.00 56.0 61.5 98.6 154.4 167.9
1.10 57.4 63.1 102.0 159.8 173.9
1.20 60.8 66.6 106.0 165.0 179.2
1.30 65.9 72.1 114.0 175.4 190.1
1.40 77.3 84.5 133.0 203.9 220.9
1.49 86.7 94.7 148.0 227.3 246.1

Table 7. Limit of the Length of the Left Kidney According to the Body Surface Area of Children Using Nonparametric Reference Limits 
(2.5th-97.5th and 5th-95th Percentiles) (N = 403).

Variable Centiles of the length of the right kidney

Body surface area (m2) 2.5th percentile (cm) 5th percentile (cm) 50th percentile (cm) 95th percentile (cm) 97.5th percentile (cm)

0.80 5.5 6.0 7.7 8.95 9.15
0.90 5.8 6.3 8.1 9.41 9.63
1.00 6.2 6.6 8.5 9.84 10.1
1.10 6.6 7.1 9.0 10.3 10.5
1.20 6.7 7.2 8.9 10.2 10.4
1.30 6.6 7.1 8.7 9.97 10.1
1.40 6.5 7.0 8.8 10.1 10.3
1.49 6.0 6.5 8.4 9.75 9.97

Table 5. Limit of the Volume of the Right Kidney According to the Height of Children Using Nonparametric Reference Limits (2.5th-
97.5th and 5th-95th Percentiles) (N = 403).

Variable Centiles of the volume of the right kidney

Height (cm) 2.5th percentile (cm3) 5th percentile (cm3) 50th percentile (cm3) 95th percentile (cm3)
97.5th percentile 

(cm3)

115 50.8 55.2 82.6 118.4 126.3
120 51.6 57.0 91.4 138.3 148.8
125 52.0 58.0 97.6 153.1 165.8
130 53.0 59.1 99.5 156.1 169.1
135 56.8 62.9 103.0 158.2 170.8
140 64.0 70.2 110.0 162.7 174.5
145 70.1 76.1 113.0 161.9 172.6
150 80.8 86.9 124.0 170.3 180.5
155 105.0 112.0 154.0 206.0 217.2
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Table 8. Limit of the Length of the Left Kidney According to the Height of Children Using Nonparametric Reference Limits (2.5th-
97.5th and 5th-95th Percentiles) (N = 403).

Variable Centiles of the length of the left kidney

Height (cm) 2.5th percentile (cm) 5th percentile (cm) 50th percentile (cm) 95th percentile (cm) 97.5th percentile (cm)

112 5.6 6.1 7.8 9.1 9.3
115 5.7 6.2 8.0 9.3 9.5
120 6.0 6.5 8.3 9.6 9.8
125 6.2 6.7 8.5 9.7 9.9
130 6.4 6.9 8.6 9.8 10.0
135 6.6 7.0 8.7 9.9 10.1
140 6.8 7.2 8.9 10.1 10.3
145 6.7 7.2 9.0 10.2 10.4
150 6.5 7.0 8.9 10.2 10.5
155 6.1 6.7 8.9 10.3 10.6
159 5.8 6.5 9.0 10.6 10.9

Table 9. Limit of the Volume of the Left Kidney According to the Height of Children Using Nonparametric Reference Limits (2.5th-
97.5th and 5th-95th Percentiles) (N = 403).

Variable Centiles of the volume of the left kidney

Height 2.5th percentile (cm3) 5th percentile (cm3) 50th percentile (cm3) 95th percentile (cm3)
97.5th percentile 

(cm3)

115 62.7 66.6 89.7 118.5 124.7
120 61.7 66.0 92.2 125.6 132.9
125 59.6 64.2 93.1 130.8 139.2
130 60.0 65.0 96.1 137.3 146.6
135 67.9 73.5 108.0 154.1 164.3
140 82.0 88.4 128.0 179.3 190.8
145 91.7 98.1 138.0 188.3 199.5
150 95.1 101.0 137.0 182.6 192.4
155 95.9 101.0 134.0 173.9 182.5

Table 10. Limit of the Volume of the Left Kidney According to the Body Surface Area of Children Using Nonparametric Reference 
Limits (2.5th-97.5th and 5th-95th Percentiles) (N = 403).

Variable Centiles of the volume of the left kidney

Body surface area (m2) 2.5th percentile (cm3) 5th percentile (cm3) 50th percentile (cm3) 95th percentile (cm3)
97.5th percentile 

(cm3)

0.80 58.4 62.9 87.05 112.8 117.9
0.90 57.7 62.9 91.58 122.4 128.5
1.00 59.5 65.2 96.5 130.3 137.0
1.10 65.9 72.1 106.3 143.2 150.5
1.20 70.7 77.6 115.7 156.9 165.1
1.30 76.5 84.2 126.5 172.3 181.4
1.40 87.3 95.5 141.2 190.5 200.2
1.49 90.8 98.9 143.4 191.2 200.7
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Figure 1. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the length of the right kidney by 
body surface area.
Note. BCT = Box-Cox transformation to normality.

Figure 2. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the length of the right kidney by 
height.
Note. BCT = Box-Cox transformation to normality.

Figure 3. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the volume of the right kidney by 
height.
Note. BCT = Box-Cox transformation to normality.

Figure 4. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the volume of the right kidney by 
body surface area.
Note. BCT = Box-Cox transformation to normality.

Figure 5. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the length of the left kidney by 
body surface area.
Note. BCT = Box-Cox transformation to normality.

Figure 6. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the length of the left kidney by 
height.
Note. BCT = Box-Cox transformation to normality.
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Figure 7. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the volume of the left kidney by 
height.
Note. BCT = Box-Cox transformation to normality.

Figure 8. Percentile curves of the model-based reference limits 
(2.5th-97.5th and 5th-95th) for the volume of the left kidney by 
body surface area.
Note. BCT = Box-Cox transformation to normality.

morphology of visceral organs varies from person to person. 
During the maturation process from infancy through adoles-
cence, the growth of visceral organs shows a high correlation 
with gains in age, height, and weight.6,19,20,21

There was no significant difference between the longitu-
dinal dimension of the right and left kidneys as appeared in 
past investigations.22-26 However, other studies reported that 
the longitudinal length of the left kidney was greater than 
that of the right kidney.19,27,28

There is no agreement on which anthropometric measure-
ments are generally touchy for exploring the normal limit of 
organ measurements,6,24,29,30 as these parameters might show 
variations in different ethnic origins. Previous studies 
showed that the longitudinal dimensions of the kidneys were 
best correlated with body parameters.6,19,23,25,27,28,30-34 The 
results of our study were under the findings of those studies. 
Height was best correlated with longitudinal dimensions and 
volume of the right kidney. Whereas weight was best corre-
lated with the volume of the left kidney.

While renal volume is the most accurate parameter of kid-
ney size, kidney length is the most useful parameter for clini-
cal measurement of kidney size, because it is simple to obtain 
and is minimally affected by interobserver variability.35,36 
We have established percentile curves and charts for the 
length and volume of the kidney based on the height and 
BSA of children. Growth charts for kidney length and vol-
ume in childhood are constructed and will provide the basis 
for objective intraindividual and interindividual determina-
tion of renal size.

In most other studies, sizes between the 5th and 95th per-
centiles were the accepted normal limits.37,38 However, this 
practice results in approximately 10% of children with nor-
mal visceral organs falling outside these limits.30 We pre-
ferred to define the lowermost and uppermost dimensions of 
the kidneys using the 2.5th and 97.5th percentile values in 
addition to the 5th and 95th percentile values respectively as 
a guide.

Conclusions

The normal limits of the kidneys are important parameters 
during a sonographic examination. This study revealed that 
renal dimensions showed the best correlation with age, 
weight, and height. The study provides percentile curves and 
charts for objective determination of the renal size. We hope 
this study contributes to daily practice in radiology clinics to 
interpret the normal sizes of the kidneys of school-aged chil-
dren in northwest Ethiopia.

Limitations

Calibration of measuring tools in the hospitals were not con-
ducted frequently; community fatigue due to presence of 
many research projects in the selected hospitals was observed.
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