
T
he assessment of renal size is an integral part of
evaluation of renal diseases for both diagnostic
and prognostic purposes. Sonography is a non-
invasive modality for measuring renal size.

Data on normal renal size are available from western
population [1-3].  Indian data regarding renal size and its
correlation with other somatic parameters in normal
Indian children are based on studies with a small sample
size and sparse age distribution [4-9]. The present study
was undertaken to determine renal size in normal Indian
children (1 month-12 years).

METHODS

Normal children aged 1 month and 12 years were eligible
for inclusion in the study. The children were either
healthy siblings of patients attending the out-patient
clinics or those visiting well-baby clinics. Consent was
obtained from the accompanying parents. Children
suffering from any acute or chronic ailment were
excluded from the study. Age, weight and height were
recorded at the time of the examination. Infants were
weighed on an infant weighing scale and older children
on a beam balance. Weights were recorded to the nearest
100 gms. The supine lengths were measured on an

infantometer in children below 2 years and the standing
height was measured on a stadiometer in children above 2
years to the nearest 1 mm. One investigator took all the
measurements. The body surface area (BSA) was
calculated from weight [10].
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Objectives: To determine the renal size in normal Indian
children by sonography.

Settings: Pediatric teaching hospital, Mumbai, India.

Duration: 1.5 years.

Design:  Cross-sectional observational study.

Participants: 1000 normal Indian children aged 1 month - 12
years.

Methods: Sonographic assessment of renal size (length, width
and thickness) was performed using Philips real time
mechanical sector scanner of 3.5-5 MHz frequency with
electronic caliper. The mean renal dimensions and volume were
calculated for each age group with ± 2SD. The renal length and
calculated renal volume were correlated with somatic

parameters like age, weight, height and body surface area.
Regression equations were derived for each pair of dependent
and independent variables.

Results: No statistical difference was found in renal size
between sexes and between right and left kidney. A strong
correlation was seen between renal size with various somatic
parameters, the best correlation was between renal size length
and body height (coefficient of correlation=0.9).

Conclusion: This study provides values of renal length (mean ±
2SD) in normal Indian children. Renal length can be easily
calculated by derived linear regression equation.

Key words: Anthropometry, India, Kidney, Size,
Ultrasonography.
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A Philips real-time mechanical sector scanner of 3.5-
5 MHZ frequency with electronic calipers was used to
measure the length, width and thickness of each kidney
with the child placed in a supine oblique position. The
maximal renal length was recorded after re-positioning
the probe in several angulations. Renal width was
measured at renal hilum and thickness was recorded from
transverse scans showing the maximum dimension. All
the measurements were made by one investigator. The
mean of right and left kidney measurements was used in
all calculations.  The renal volume was calculated by the
formula [1]:Volume = 0.5233 ×  length × width × breadth.

The mean length, width and volume ±2 SD of the
right and left kidneys were calculated separately for age
groups of 1 month, 3 months, 6 months, 9 months, 1 year,
and every year thereafter throughout 12 years. Length and
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volume were the two (dependant) variables of renal size
considered for correlating with somatic parameters.
Regression equations and coefficients of correlation were
derived for each pair of variables. The statistical
difference among the groups was determined by t test.
Coefficient of correlation was derived by Pearson
coefficient of correlation. Statistical analysis was
performed using SPSS software.

RESULTS

There were 1000 children (480 females) in 16 age groups
from 1 month to 12 years of age.  The number of children
within each age group ranged from 35 to 120 with a mean
of 77 children. The mean renal length (SD) increased
steadily with age from 4.3 (0.6) cm at 1 month to 8.6 (0.8)
cm at 12 years of age. The mean renal volume (SD)
increased from 9.7 (4.4)  mL at 1 month to 61 (17) mL at
12 years (Table I).

 There was a good correlation of renal size with age,
body weight, body height and BSA The best correlation
was of renal length with the body height (r=0.9) and body
surface area (r=0.89).  Renal volume also had good
correlation with body height in cms (r=0.85). Fig.1
shows scatter diagrams of mean renal length with body
height and age, respectively.  Linear regression equations
for predicting variable (renal length) from independent

variables (age and height) were obtained as follows:
Renal Length = 0.0421 × height + 2.6311; and Renal
Length = 0.3055 × age  + 5.2533.

DISCUSSION

In the present study the renal size correlated well with
most commonly used parameters of overall body size
including age, body weight, body height and body surface
area. The best correlation of renal size was seen with
body length and body surface area. While the renal
volume correlated best with body surface area.

Although body proportion and rate of general somatic
growth are strikingly different between boys and girls,
their renal lengths did not display a significant difference.
Other studies have also reported similar observations [1,
3, 9-11]. A number of studies have assessed renal size and
volume in children and have correlated to somatic
parameters. As with our findings with respect to
correlation, other studies have revealed similar results [6-
11]. In children with growth failure and under-nourished
children, it will be better to correlate the renal length with
the body length [14].  Judged by sonography, the renal
length in Indian children was lower by 11-20% as
compared to American children with respect to age,
probably due to the larger body size of their American
counterparts [2]. Had we compared with body height, the

TABLE I  MEAN RENAL LENGTH AND VOLUME OF STUDY CHILDREN (N=1000)

Age Weight (kg) Height (cm) Body surface Renal length (cm) Renal volume (mL)
Mean  (SD) Mean (SD) area (m2) (SD) Mean (SD) Mean (SD)

1 mo  (n=71) 2.5 (0.4) 48.5 (2.1) 0.18 (0.02) 4.3 (0.6) 9.7 (4.7)

3 mo  (n=49) 3.7 (0.9) 53.8 (4.2) 0.23 (0.05) 4.7 (0.7) 12.1 (6.0)

6 mo  (n=61) 5.6 (1.1) 61.8 (4.4) 0.32 (0.05) 5.5 (0.7) 18.3 (7.0)

9 mo  (n=81) 7.3 (0.9) 68.5 (3.7) 0.39 (0.03) 5.6 (0.6) 19.6 (6.8)

1 y  (n=122) 8.5 (1.1) 72.0 (2.8) 0.44 (0.04) 5.7  (0.4) 21.3 (5.5)

2 y  (n=75) 9.7 (1.4) 79.0 (7.6) 0.48 (0.05) 6.1 (0.7) 25.3 (8.2)

3 y  (n=58) 11.2 (1.5) 89.2 (5.0) 0.54 (0.05) 6.7  (0.6) 31.3 (10.0)

4 y  (n=63) 12.9 (1.0) 95.7 (4.2) 0.59 (0.03) 6.8 (0.60) 32.9 (9.1)

5 y  (n=66) 14.0 (1.7) 101.1 (4.3) 0.62 (0.05) 6.7 (0.6) 33.0 (8.9)

6 y (n=54) 16.5 (2.2) 107.5 (5.2) 0.69 (0.06) 6.7 ( 0.4) 34.2 (9.4)

7 y (n=48) 18.0 (2.1) 112.5 (5.5) 0.74 (0.06) 7.2 (0.6) 44.6 (12.7)

8 y (n=57) 20.6 (2.2) 116.8 (6.0) 0.81 (0.05) 7.6 (0.7) 49.8 (14.8)

9 y (n=58) 24.0 (2.7) 125.8 (4.1) 0.88 (0.06) 8.0 ( 0.6) 56.2 (16.7)

10 y (n=43) 25.9 (3.9) 130.4 (5.8) 0.92 (0.08) 8.0 (0.7) 58.0 (16.2)

11 y (n=32) 30.9 (4.3) 138.9 (5.3) 1.02 (0.09) 8.5 (0.8) 59.8 (17.3)

12 y (n=62) 31.9 (4.5) 141.7 (5.8) 1.04 (0.09) 8.6 (0.8) 61.4  (16.5)

*SD: standard deviation; mo= months; y=year.
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difference may have been less.  Comparison of renal
volume and BSA of Indian children with those of
American children may have shown less difference.

There are numerous advantages of ultrasonography in
determining renal size. They include the lack of ionizing
radiation exposure, radiographic magnification and
osmotic effect of the iodinated contrast material [2]. The
examination is real time, tridimensional, independent of
organ function and phase of respiration. Previously the
kidney size was accurately measured on intra venous
urography which had its own disadvantages [15-17].
Although the renal length correlated best with body
height and body surface area, the calculation of body
surface area is cumbersome and requires multiple
measurements. In clinical practice, the body height can be
quickly recorded to compare the actual renal length with
the renal norm. Similarly, since the estimation of renal
volume requires measurement of three dimensions of the
kidney, the error associated with renal volume increases
in geometric proportion. Hence it is simpler to use renal
length as a yardstick for comparing renal growth with
body growth.  Due to the large sample size, this study
represents the population more closely. However, the
socioeconomic status of children examined was not
recorded, although they typically belonged to lower
middle and lower income group. Considering the large
population of India, the study did not consider parameters
such as race, culture, income group, rural or urban origin.

FIG. 1  Regression equation of (i) renal length vs body height (ii) renal length vs age.

The renal size norms developed by this study provide
normal kidney length range for children according to age
and body size.
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