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The kidneys are paired organs, placed symmetrically retroperitoneal 
in the abdominal region. The size of the kidney varies with age 
and there may also be racial differences in renal length (RL). It is 
important to have a reliable reference to kidney size in children[1-6] as 
many diseases lead to an increase or decrease in renal size.

Ultrasonography is a non-invasive modality that can be used 
to measure RL.[2] The purpose of the study was to determine 
the relationship between RL and age, body height and weight, 
respectively, in healthy Turkish children (0 - 16 years old) in the 
Eastern Anatolia region using ultrasonography.

Methods
This retrospective study was approved by the Erzurum State Hospital 
Ethics Committee (ref. no. Erzurum BEAH KAEK 2016/12-114) and 
included children who were referred to the Radiology Department at 
Erzurum State Hospital in Istanbul, Turkey, for ultrasonography for any 
reason unrelated to the kidneys. Over the course of ~2 years, all normal 
cases were selected for inclusion in the study.

Ultrasonography was performed using an ultrasound unit with a 
3.5 MHz convex transducer. RL measurements were performed in the 
sagittal plane, with children in the supine position. The distance between 
the top and bottom poles of both kidneys was measured (Fig. 1).

Body parameters such as gender, age, body height, and weight 
were determined and the data were divided into 11 age groups. 
Measurements were analysed separately for the right and left kidneys, 
within each age group. Data were analysed using SPSS version 15.0 
(SPSS Inc., USA). Pearson’s correlation coefficients and simple 
regression analysis were used.

Results
A total of 310 children (150 girls and 160 boys) aged 0 - 16 years 
were included in the study. There was no significant difference in RL 
between the sexes (p>0.05) and therefore all data were rearranged in 
11 different age groups regardless of gender. The descriptive analysis 
of the right and left RL (mean, median, minimum and maximum 

values; standard deviations; 10th and 90th percentile values; and 95% 
confidence interval (CI) values) are shown in Tables 1 and 2.

The left RL was significantly larger than the right RL (p<0.001). 
Correlations of the right and left RL with body height are shown in 
Figs 2 and 3. Percentile curves of the right and left RL v. age group 
are shown in Fig. 4.

The RL has been correlated with the children’s age (right, r=0.930; 
left, r=0.913), and weight (right, r=0.934; left, r=0.917). The length 
of both the right (r=0.966) and the left (r=0.958) kidneys showed the 
strongest correlation with body height.

Linear regression equations for predicting a variable (renal length) 
from independent variables (height and weight) were obtained as 
follows:

Right renal length (mm) = 25.473 + 0.438 × height (cm); and 50.240 
+ 0.944 × weight (kg)

Left renal length (mm) = 29.196 + 0.435 × height (cm); and 53.984 
+ 0.929 × weight (kg)
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Fig. 1. Measurement of the left renal length from the upper pole to the lower pole.
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Discussıon
Renal diseases can lead to changes in kidney size and therefore 
knowing the normal limits of the kidney size of healthy children 
would be useful to distinguish abnormal conditions. It is also 
important to note that body height and weight may vary with 
ethnicity.[1,7] Although there are numerous studies in the literature 
related to the kidney size of children, there are no data related to  

children in the Eastern Anatolia region of Turkey. Our aim was to 
determine the normal standards of kidney sizes of Turkish children 
living in the Eastern Anatolia region.

Ultrasonography is the most widely used imaging method in 
routine practice and does not expose patients to ionising radiation. 
Ultrasonographic examination can be performed in the lateral 
decubitus, supine and prone positions.[4-6] Our subjects were placed 

Table 1. Right renal length correlation with age by ultrasonography in healthy children (N=310)
           Right renal length (mm)

n (%) Mean (SD) Median (IQR) 10th percentile 90th percentile 95% CI for the mean
1 0 - <3 mo 21 (6.77) 49 (8) 47 (38 - 65) 38 64 45 - 52
2 3 - <6 mo 24 (7.74) 52 (8) 53 (40 - 65) 42 64 49 - 56
3 6 - <12 mo 24 (7.74) 57 (5) 57 (50 - 68) 52 65 56 - 61
4 1 - <2 y 30 (9.67) 61 (4) 61 (54 - 69) 55 67 59 - 62
5 2 - <4 y 27 (8.70) 67 (6) 66 (55 - 77) 58 73 64 - 69
6 4 - <6 y 27 (8.70) 73 (6) 75 (61 - 83) 63 81 71 - 76
7 6 - <8 y 31 (10.0) 79 (6) 79 (67 - 93) 72 91 77 - 82
8 8 - <10 y 26 (8.38) 83 (7) 83 (71 - 97) 73 94 77 - 83
9 10 - <12 y 27 (8.70) 88 (6) 87 (80 - 102) 81 99 86 - 91
10 12 - <14 y 38 (12.25) 94 (6) 94 (82 - 104) 85 101 91 - 96
11 14 - <16 y 35 (11.29) 97 (8) 100 (82 - 108) 87 106 94 - 100
mm = millimetres; SD = standard deviation; IQR = interquartile range; CI = confidence interval; mo = months; y = years.

Table 2. Left renal length correlation with age by ultrasonography in healthy children (N=310)
         Left renal length (mm)

n (%) Mean (SD) Median (IQR) 10th percentile 90th percentile 95% CI for the mean
1 0 - <3 mo 21 (6.77) 52 (8) 51 (38 - 65) 40 65 48 - 55
2 3 - <6 mo 24 (7.74) 56 (7) 56 (40 - 65) 46 65 53 - 59

3 6 - <12 mo 24 (7.74) 61 (4) 60 (50 - 68) 55 67 59 - 62
4 1 - <2 y 30 (9.67) 65 (5) 64 (54 - 69) 58 73 62 - 67
5 2 - <4 y 27 (8.70) 71 (5) 71 (55 - 77) 63 76 69 - 72
6 4 - <6 y 27 (8.70) 77 (7) 76 (61 - 83) 67 86 75 - 80
7 6 - <8 y 31 (10.00) 83 (7) 84 (67 - 93) 73 93 81 - 86
8 8  - <10 y 26 (8.38) 86 (7) 87 (71 - 97) 75 97 81 - 87
9 10 - <12 y 27 (8.70) 92 (6) 93 (80 - 102) 82 100 89 - 94
10 12 - <14 y 38 (12.25) 97 (8) 97 (82 - 104) 84 107 94 - 99
11 14 - <16 y 35 (11.29) 99 (9) 98 (82 - 108) 86 113 96 - 102
mm = millimetres; SD = standard deviation; IQR = interquartile range; CI = confidence interval; mo = months; y = years.
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Fig. 2. Correlation curve of right renal length with body height.  
(mm = millimetres; cm = centimetres.)
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Fig. 3. Correlation curve of left renal length with body height. (mm = millimetres; 
cm = centimetres.)
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in the supine position for  measurement of 
the distance between the upper and lower 
poles of both kidneys. 

There is no consensus on which 
measurement parameter to use when 
evaluating kidney size. The assessment of 
kidney volume is time-consuming and 
impractical and as a number of previous 
studies have shown that RL correlates better 
with body parameters, we chose to compare 
RL with age, body height and weight, which 

was the easiest and most practical approach 
for us. [1,7-10]

Some studies found a linear relationship 
between RL and body height. They observed 
that the increase in the RL is much more 
rapid during the first years of life.[7-9,11,12] The 
results of our study were in accordance with 
the findings of those studies.

There were discrepancies in sizes between 
the right and the left kidney.[10-13] In our 
study, the left kidney was significantly larger 

than the right kidney (p<0.001). For this 
reason, the size of both kidneys should be 
measured separately.

Some studies suggest that girls have 
smaller kidneys, while other studies indicate 
no differences in renal size between the 
genders.[7,9-13] In our study, there were no 
significant differences in RL with respect 
to gender (p>0.05), which was not a 
determining factor of organ size within this 
age group. 

Table 3 compares the data of our study 
with those of Konuş et al.[9] and Otiv et al.[11] 
As the age groups were different in those 
studies, we attempted to align the groups as 
closely as possible. Data from our study and 
that of Konuş et al.[9] differed owing to the 
fact that data were collected from different 
regions in Turkey.

Conclusion
The present study showed that the best 
correlation was between RL and body height. 
Both should be measured separately, as there 
may be a size difference between the right 
and left kidneys. It was also found that there 
was no difference between the genders in 
terms of kidney size. We have tabulated the 
correlation of age with kidney length in this 
report and believe that these tables can be 
used in radiology clinics to assess conditions 
that lead to changes in renal size. We have 
also built the prediction models of RL (mm) 
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Fig. 4. Percentile curves of the right and left renal length v. age group. (RRL = right renal length;  
mm = millimetres; LRL = left renal length.)

Table 3. Mean renal length (mm) according to age group in different studies
Age* Mean  RL* Age (mo)† R-Mean RL† L-Mean RL† Age‡ R-Mean RL‡ L-Mean RL‡

1 mo 43 1 - 3 50 50 0-<3 mo 49 52

3 mo 47 4 - 6 53 56

6 mo 55 7 - 9 59 61 3 - <6 mo 52 56

9 mo 56 6 - <12 mo 57 61
1 y 57 12 - 30 61 66 1 - <2 y 61 65
2 y 61 2 - <4 y 67 71

3 y 67 36 - 59 67 71

4 y 68 4 - <6 y 73 77

5 y 67 60 - 83 74 79

6 y 67 6 - <8 y 79 83

7 y 72 84 - 107 80 84

8 y 76 8  - <10 y 83 86

9 y 80 108 -  131 80 84

10 y 80 10 - <12 y 88 92

11 y 85 132 - 155 89 91

12 y 86 12 - <14 y 94 97

156 - 179 94 96

180 - 200 92 99 14 - <16 y 97 99
mo = months; RL = renal length; R = right; L = left y = years.
*Otiv et al. 
†Konus et al.  
‡This study.
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according to body height (cm) and weight (kg) as an alternative method 
for radiologists and paediatricians to assess changes in renal size.
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