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Abstract
Background: A change in renal length may be evidence of many renal diseases. The aim of our study was to produce 

reference ranges for renal length in Sudanese children up to 5 years of age using ultrasonography.
Methods and Results: This cross-sectional study was done to measure the normal size of kidneys in pediatrics up to 5 

years of age using ultrasound. The study was conducted at Khartoum state in the Emergency Department of Albuluk Pediatric 
Hospital and Jafar Ibn Ouf Referral Pediatric Hospital from March to June 2018. The study included 101 Sudanese children up to 
5 years with normal renal function tests and urine analysis. All ultrasound examinations of the kidneys were performed on a GE 
Logiq F6 Ultrasound Machine. The longitudinal measurement was obtained from the coronal section, while thickness and width 
were measured in the transverse section. The study revealed that mean measurements of the right kidney (RK) were 6.74±1.16 
cm, 3.12±0.68 cm, and 2.59 ±0.58 cm for length, width, and anteroposterior diameter, respectively, and for the left kidney (LK) 
6.98±1.10 cm, 3.25±0.65 cm, and 2.74±0.60 cm, respectively. There was no significant difference in renal length according 
to gender. The study concluded that the renal length in pediatric up to 5 years old can be predicted by age using the following 
regression equations: RK length=0.0422×age+5.4182cm (R²=0.4636), LK length=0.0392×age+5.7472cm (R²=0.4539).

Conclusion: The study found a significant correlation between RK, LK length and age (r=0.68 for RK and r=0.67 for LK, P 
<0.01). Age is an important influencing factor for assessing kidney length since there is a strong, significant correlation between 
age and kidney length. (International Journal of Biomedicine. 2020;10(3):226-230.) 
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Introduction
A change in renal length may be evidence of many renal 

diseases, so it is essential to know the average reference values 
in children concerning their age, gender, height, weight, and 

BMI. Several studies suggested that there is a good correlation 
between KL and body parameters such as BMI, weight, height, 
and age. Sex does not affect kidney dimensions in pediatrics; 
in practice, the most used charts are KL according to age.(1) 

One of the previous studies stated that the most influential 
factor among the other values is height. Furthermore, 
considerable correlations were found between KL and height, 
age, weight, and body surface area. The rapid growth of height 
in children during the first two years was primarily associated 
with a similar increase in KL, suggesting that height should be 
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considered an essential factor correlating with renal length.(2) 

The Sudanese population differs from others in body 
habitus. Therefore, the renal measurements may differ from 
those mentioned in the literature. It is particularly important to 
obtain a growth chart for standard measurement of kidneys to 
avoid misdiagnosis of acute or chronic renal diseases, which 
may affect the renal size. However, no published data have 
been reported for the measurement of healthy kidneys in 
Sudanese children. 

Thus, the aim of our study was to produce reference 
ranges for renal length in Sudanese children up to 5 years of 
age using ultrasonography.

Materials and methods
This cross-sectional study was done to measure the 

normal size of kidneys in pediatrics up to 5 years of age using 
ultrasound. The study was conducted at Khartoum state in the 
Emergency Department of Albuluk Pediatric Hospital and Jafar 
Ibn Ouf Referral Pediatric Hospital from March to June 2018. 
The study was approved by the ethics committee of Alzaiem 
Alazhari University, Faculty of Radiological Sciences and 
Medical Imaging. The study included 101 Sudanese children 
up to 5 years with normal renal function tests and urine 
analysis. The exclusion criteria were children with pathology 
in kidneys or medical conditions that may cause enlarged or 
reduced kidney size; these include malnutrition, sickle cell 
disease, and renal diseases (acute and chronic). In addition, 
children suffering from renal masses, cysts, hydronephrosis 
and abnormal renal function were excluded, regardless of the 
size of the kidneys. 

The patients were examined using G.E. Logic F6, 
Denshi UF-4100, and Isaote with 3-4MHz with curvilinear 
probes using the electronic calipers for measurement. Blue 
aqueous gel and sterilized cotton were used for cleaning 
after each examination. A digital weighting scale was used to 
measure the weight, and an Infantometer was used to measure 
the height in children under 2 years. A Standometer was used 
to measure the height of children above 2 years. Verbal consent 
was taken from a relative of those children.

The sonographic examination began with the child 
lying supine on a couch. The kidneys were examined in a 
longitudinal and transverse section with the arms away from 
the chest wall, and the child was instructed to take shallow 
breaths if possible. Measurement of the kidneys was obtained 
with the subjects in the supine position, left lateral decubitus 
and right lateral decubitus. The longitudinal measurement was 
obtained from the coronal section, while thickness and width 
were measured in the transverse section. 

Statistical analysis was performed using the standard 
Statistical Package for the Social Sciences (SPSS Inc., 
Chicago, IL, USA) version 16 for Windows. The normality 
of distribution of continuous variables was tested by one-
sample Kolmogorov-Smirnov test. Continuous variables were 
presented as mean±standard deviation (SD). For data with 
normal distribution, inter-group comparisons were performed 
using Student’s t-test. Pearson’s correlation coefficient (r) was 
used to determine the strength of the relationship between the 

two continuous variables. The linear regression model and 
coefficient of determination (R2) were calculated. A probability 
value of P<0.05 was considered statistically significant.

Results
A total of 101 Sudanese children participated in the 

study, aged from 1 month to 5 years old, with a mean of 
31.37±18.79 months; height ranged from 50 cm to 110 cm, 
with a mean of 81.22±14.11 cm; weight ranged from 3 kg to 
29 kg, with a of mean 12.66±4.99 kg; and  BMI ranged from 
9.8 kg/m2 to 36.36 kg/m2, with a mean 18.77±4.65 kg/cm2 

(Table 1). The study revealed that mean measurements of the 
RK were 6.74±1.16 cm, 3.12±0.68 cm, and 2.59±0.58 cm for 
length, width, and anteroposterior diameter, respectively, and 
for the LK - 6.98±1.10 cm, 3.25±0.65 cm, and 2.74±0.60 cm, 
respectively; the LK was longer than the RK (Table 1).

The children were classified into 5 age groups (Table 2). 
The mean RLK increased steadily with age from 5.61±0.78 cm 
in Group 1 to 7.80±0.94 cm in Group 5. The study revealed that 
the mean RKL was 5.61±0.78 cm, 6.80±0.86cm, 6.76±0.96 
cm, 7.29±0.68 cm, and 7.80±0.94 cm for Groups 1,2,3,4, and 
5, respectively. The RKL increased with increasing age, and 
there was a significantly strong difference with age (P<0.01). 

Table 1.
Clinical characteristics and kidney measurements in the study 
participants

Variables Minimum Maximum Mean±SD
Age (month) 1 60 31.37±18.79
Height (cm) 50 110 81.22±14.11
Weight (kg) 3 29 12.66±4.99
BMI (kg/cm2) 9.80 36.36 18.77±4.65
RK length (cm) 4.5 9.7 6.74±1.16
RK width (cm) 1.5 5.0 3.12±0.68
RK anteroposterior
diameter (cm) 1.2 4.2 2.59±0.58

LK length (cm) 4.8 9.3 6.98±1.10
LK width (cm) 2.1 5.2 3.25±0.65
LK anteroposterior
diameter (cm) 1.8 4.4 2.74±0.60

Table 2. 
Mean lengths of the kidneys in different age groups*

Age groups RKL (cm) LKL (cm)

Group 1: ≤ 1 year 5.61±0.78 5.93±0.80

Group 2: 1 year, 1 month – 2 years 6.80±0.86 7.03±0.93

Group 3: 2 years 1 month to 3 years 6.76±0.96 6.96±0.73

Group 4: 3 years one month to 4 years 7.29±0.68 7.54±0.59

Group 5: 4 years one month – 5 years 7.80±0.94 7.93±0.93

*The RKL and LKL increased with increasing age (P<0.01)
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The study revealed that the mean LKL increased steadily with 
age from 5.93±0.80 cm in Group 1 to 7.93±0.93 cm in Group 
5. The mean LKL was 5.93±0.80  cm, 7.03±0.93 cm, 6.96±0.73 
cm, 7.54±0.59 cm, and 7.93±0.93 cm for Groups 1,2,3,4, and 
5, respectively; there was also a significantly strong correlation 
between LK length and age (P<0.01) (Table 2).

The study found a significant correlation between RK, 
LK length and age, height, weight, and BMI (Table 3). 

Regression analysis showed a linear relationship between 
the measurement of the kidneys and age. KL was estimated with 
the following equations: RKL=0.0422×age(month)+5.4182cm 
(R2=0.4636), LKL=0.0392×age(month)+5.7472cm (R2=4539), 
the mean KL=0.0407×age+5.5827(R²=0.4801) (Figure 1). 

In Group 1 children, there were RKL=0.0844×age(month)
+4.8658cm(R²=0.1306, LKL=0.0907×age(month)+5.1283cm, 
and the mean KL=0.0875×age(month)+4.9971cm (R2=0.1469) 
(Figure 2).

The study predicted that in children of 13 months to 5 
years, RKL=0.0309×age(month)+5.9379cm (R²=0.2109), LK
L=0.0286×age(month)+6.2336cm(R²=0.2099), and the mean 
KL=0.0298×age(month)+6.0857cm(R2=0.2266) (Figure 3). 
There was no significant difference in renal length according 
to gender. However, in boys both kidneys are slightly longer 
than in girls (Table 4 and Figure 4).

 The study found that in children ≤1year, there was 
no significant correlation between the RKL and age, while a 
significant correlation was found between the LKL and age 
(P<0.05). For children aged more than 1 year, there was a 
significant correlation between both renal lengths and age 
(P<0.01) (Table 5).

Table 3. 
Correlations between RK, LK length and age, height, weight, and 
BMI 

Variables RKL (cm) LKL (cm)

Age,month
Pearson Correlation 0.681* 0.674*

Sig. (2-tailed) <0.001 <0.001

Height, cm
Pearson Correlation 0.552* 0.622*

Sig. (2-tailed) <0.001 <0.001

Weight, kg
Pearson Correlation 0.626* 0.657*

Sig. (2-tailed) <0.001 <0.001

BMI, kg/cm2
Pearson Correlation 0.309* 0.259*

Sig. (2-tailed) 0.002 0.009
*- significant correlations

Fig. 1. Linear relationship between RK, LK length and age.

Fig. 2. Linear relationship between RK, LK length and age (up to 1 year)

Fig. 3. Linear relationship between RK, LK length and age 
(from13 months to 5 years)

Table 4. 
Comparison of kidney length in boys and girls

P-valueSEMean±SDGenderVariables

>0.05

0.14866.85±1.10Boy
RKL (cm)

0.18146.60±1.23Girl
0.13087.04±0.96Boy

LKL (cm)
0.18106.88±1.22Girl

    Fig. 4. Comparison of KL in boys and girls.
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Discussion
The growth chart of KL (Table 2) revealed that the mean 

renal length increased gradually with age, for 2 to 3 year olds, 
6.76 cm vs. 6.96 cm for RK and LK, respectively. This finding 
is consistent with the growth chart of a study conducted of 
Korean children, which reported that the mean measurements 
of the kidneys of Korean children 2-3 years old were 6.79 cm 
and 7.07 cm. In this study, the mean RKL and LKL were 7.29 
cm and 7.54 cm for 3-4 year olds, and 7.80 cm and 7.93 cm for 
4-5 year olds, respectively (Table 2). Oh et al. reported that the 
mean RKL and LKL were 7.06 cm and 7.27 cm for 3-4 year 
olds, and 7.53 cm and 7.77 cm for 4-5 year olds, respectively. 
The difference between the mean measurement of our study 
and that of Oh et al. was 2 to 3 mm.(2)

The present study found that there was no significant 
correlation between RKL and age in children up to 1 year, with 
a slightly significant correlation found between LKL and age. 
On the other hand, we found a significant correlation in both 
kidney lengths with age in children more than 1 year old. Oh 
et al. found a significant difference before and after 20 months 
of age.(2)  

 In pediatrics, the LK is longer than the RK. Previous 
studies conducted in Turkey by Özdikici,(3) in India by Otiv et 
al.(4) and Thapa et al.(5) agreed with our findings. They reported 
that the LK is longer than the RK.

Our study found that there was a significant correlation 
between age, height, weight, and BMI of participants, and 
kidney measurements (P<0.001). Oh et al.,(2)  Thapa et al.,(5) 

Gavela et al.,(6) and Ravikumar et al.(7) also found that the 
renal length correlated with different parameters such as 
age, weight, height. Oh et al.(2) and Thapa et al.(5) found the 
correlation was more between KL and height than age and 
weight. Furthermore, our findings are similar to studies 
conducted by Zerin and Blane,(8) who reported a strong 
correlation between KL and height. Body weight showed the 

best correlation with both KLs, according to Warnakulasuriya 
et al.,(9) who found that weight is the most influential factor 
in both KLs.  Additionally, Pantoja Zuzuárregui et al.(10) found 
that BMI is well-correlated with renal length.  In contrast, Kim 
et al.(11) stated that a weak correlation was found between BMI 
and renal length, compared to the correlation between BMI 
and height and weight. Our findings supported the strongest 
correlation of renal length with age, followed by weight, then 
height, and the least one with BMI. 

Regarding the correlation between gender and KL of 
children, this study found  no significant difference in renal 
length according to gender. Most of the previous studies 
supported this finding and reported that girls have smaller 
kidneys than boys do.(4,12-15)

In our study we found that in children ≤1 year the mean 
KL=.0875×age(month)+4.9971cm (R2=0.1469) and in children of 
13 months to 5 years the mean KL=0.0298×age(month)+6.0857cm 
(R2=0.2266). 

These results are consistent with Rosenbaum et al.(16) 

who found that the mean renal lengths per cm for children 
older than 1 year were 6.79+0.22×age(year) (R2=0.70), and 
for children younger than 1 year: 4.98+0.155×age(month) 
(R2=0.34). The minor difference in our equation in this study 
for children older than 1 year was the inclusion of children 
up to 5 years of age only, while they included children from 
several hours to 19 years. 

For Korean children, Kim et al.(17) found that 
KL(mm)=45.953+1.064×age(≤24months)(R2=0.720) or 

62.173+0.203×age(>24months)(R2=0.711).
Akhavan et al.(18) stated that in children 1 year of age and 

more, KL(cm)=age(years)×0.3+6(R2=0.81), but in infants less 
than 1 year, the renal length was poorly estimated by a simple 
age-based formula. 

The study concluded that the renal length in pediatric 
up to 5 years old can be predicted by age using the following 
regression equations: RKL=0.0422×age+5.4182cm (R²=0.4636), 
LKL=0.0392×age+5.7472cm (R²=0.4539). The mean KL in 
children ≤ 1years old: 0.0875×age+4.9971cm (R2=0.1469). The 
mean KL in those of 1 year+ 1day to 5 years: 0.0298×age+6.0857cm 
(R2=0.2266). 

Age is an important influencing factor for assessing KL 
since there is a strong, significant correlation between age and 
KL (r=0.68 for RK and r=0.67 for LK, P<0.01). There was no 
significant difference in renal length according to gender. The 
LK is larger than the RK in pediatric patients up to 5 years. 
Understanding the normal measurements of the children’s 
kidneys is important to reduce the misdiagnosis of renal 
diseases, which may alter the kidneys’ size in pediatrics. 
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