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BACKGROUND: Ultrasonography provides a quick assessment of vis-
ceral organ dimensions without any risk of radiation. Since many dis-
eases can affect the kidney size, having a reliable reference for kidney 
length in children is valuable for clinical assessment. 
OBJECTIVES: Establish normal growth curves for renal length in re-
lation to sex, age, body weight, height, body mass index and body 
surface area of healthy children in Saudi Arabia. 
DESIGN: Retrospective review of ultrasonography images. 
SETTING: Tertiary referral hospital. 
PATIENTS AND METHODS: We included all normal ultrasonography 
exams of renal length from full-term neonates to children ≤14 years old 
performed between 2003 and 2018. Data was collected retrospectively 
from the electronic archive and patient records. 
MAIN OUTCOME MEASURES: Relationship between the longitudinal 
length of both kidneys and age, height, weight, body mass index and 
body surface area. 
SAMPLE SIZE: 950 patients. 
RESULTS: The left kidneys were longer than the right kidneys (P<.001). 
Height had the most significant correlation with kidney length 
(R2=0.829, P<.001 for right kidney; R2=0.831,P<.001 for left kidney). 
There was a consistent difference in kidney length by sex. Both kidneys 
were longer in males than females (P=.031, right kidney:, P=.015, left 
kidney). In terms of renal growth by age, our data showed a statistically 
significant difference before and after 24 months of age. There was no 
significant difference between populations from Saudi Arabia, Hong 
Kong (P=.485) and Australia (P=.99), but the difference between Saudi 
and American children was significant (P<.001). However, we did not 
have the data from those studies for direct comparison. The correlation 
plots of renal length versus age for all four countries were similar. 
CONCLUSION: The tables and correlation plots generated from this 
study should be useful to radiology departments in assessing condi-
tions in children ≤14 years of age that lead to changes in renal size. 
LIMITATION: Retrospective, and there were differences in ultrasono-
graphic techniques for patient positioning and cursor placement that 
can affect the reproducibility of measurements of renal length. 
CONFLICT OF INTEREST: None.
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Ultrasonography is routinely used to evaluate 
visceral organs in children. Renal ultrasonog-
raphy provides a rapid assessment of kidney 

dimensions without risk of radiation. Among several 
body growth parameters, kidney size is considered an 
important parameter used in the clinical evaluation of 
renal growth and abnormalities. The kidney length is 
influenced by the overall body parameters of an indi-
vidual, including age, height, weight, body mass index 
(BMI) and body surface area (BSA).1-3 Many diseases can 
affect the kidney size, varying from infection to malig-
nant disorders.4,5 Therefore, having a reliable reference 
for kidney length in children is valuable for clinical as-
sessment. 

A few studies have been carried out on the normal 
dimensions of kidney size around the world,1-3,6-11 but 
none have included Saudi Arabia. The assessment of kid-
ney volume is time-consuming and impractical and kid-
ney length correlates better with body parameters.10-12 
Konus et al3 reported that height was better correlated 
with the longitudinal dimensions of the kidney than 
with the body surface area of pediatric subjects aged 
from 5 days to 16 days. Capaccioli et al6 found a good 
correlation between age and kidney length. In a study 
with a larger sample size, Safak et al11 examined 712 
healthy school-age children and reported that weight 
best correlated with kidney length. Most of these stud-
ies reported no statistically significant difference in kid-
ney length with respect to sex.3,11 Populations differed 
and thus the growth curves varied between these stud-
ies.3,6-7,11,13 Loftus et al9 found no statistically significant 
differences between Hong Kong Chinese with Western 
growth curves. Most studies showed a strong correla-
tion between age and other body parameters (weight 
and height) with kidney length in children. This study 
aimed to establish the normal sonographic growth pat-
tern of kidney length in relation to child age and body 
parameters in Saudi Arabia. To the best of our knowl-
edge, there are no such data for Saudi Arabia. This data 
should assist in predicting changes in renal size and al-
low for early identification of abnormal ultrasound find-
ings (e.g, chronic pyelonephritis, obstructive uropathy, 
and chronic glomerulonephritis)14 that require further 
investigation. 

PATIENTS AND METHODS
This retrospective study was approved by the institu-
tional review board of our hospital and informed con-
sent was waived. We reviewed ultrasonographic exams 
of the kidney of children ranging from full-term neonates 
to age 14 years performed between July 2003 and May 
2018 in King Faisal Specialist Hospital and Research 

Centre, Riyadh, Saudi Arabia. Only healthy subjects 
were included in the study. Age, weight and height 
were recorded on the day of the ultrasonography exam. 
Weight-for-age and height-for-age percentiles were be-
tween the 5th and the 95th percentiles based on the 
Growth Charts for Saudi Children and Adolescents, en-
dorsed by the Health Services Council of Saudi Arabia. 
Patients who did not have normal growth curves were 
not included in the study. All kidneys were examined, 
and grayscale 2D ultrasonography images were stored 
in PACS (picture archiving and communication system). 
The length of the organs and height were recorded to 
the nearest (0.1 cm), and the weight to the nearest (0.1 
kg). The following inclusion criteria for enrollment were 
used: Saudi nationality; healthy full-term newborn to 14 
years old; no acute or chronic disease that could lead 
to any renal disease; no personal or family history of 
renal disease. Only patients who came for screening or 
routine abdominal ultrasound examination, who com-
plained of abdominal pain or unrelated health prob-
lems, and had normal kidneys were included.

All the retrospective sonographic examinations were 
performed by experienced sonographers adhering to 
standard protocol during the ultrasonography examina-
tions. These examinations were obtained in the sagittal 
and axial planes passing through the renal hilum with 
patients in the supine or slightly left or right lateral de-
cubitus positions. A single sonographic measurement 
of maximum renal length was obtained (distance pole 
to pole) (Figure 1). These images were all re-reviewed 
by a pediatric consultant radiologist at the time of the 
study to make sure they met the inclusion criteria and 

Figure 1. Maximum longitudinal length of the kidney 
passing through the renal hilum.
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the measurements were corrected to adjust for intense 
crying and movement.

Statistical analysis was carried out using IBM SPSS 
Statistics version 20 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistical methods were used when ap-
propriate. Differences among groups were determined 
by paired samples t test. Relationships between ultra-
sonography measured renal length, age and body pa-
rameters were studied with simple and multiple linear 
regression. Correlation coefficients were derived by the 
Pearson coefficient of correlation. Results were consid-
ered statistically significant if the P value was <.05 for 
all data analyses. Normal ranges and related statistics 
were estimated and arranged according to age group 
and sex. Renal length growth curves and upper limits 
defined by the 95% upper confidence limit are present-
ed in graphs by age (<2 years and ≥2 years).

RESULTS
The 950 normal ultrasonography exams included 501 
males (52.7%) and 449 females (47.3%). The age dis-
tribution ranged from full-term newborn to 14.8 years 
(Figure 2); 226 were less than 2 years old (23.8%) and 
724 were more than 2 years old (76.2%). The left kidney 
was longer than the right kidney (P<.001). The mean 
(SD) length of the left kidney for all patients was 7.6 
(1.5) cm and the right kidney was 7.5 (1.5) cm. The 
lengths of both the right and the left kidneys showed 
the strongest correlation with patient height in the 
univariate analysis (R2=0.829 and 0.831, respectively) 
(Table 1, Figure 3 see below). In the multivariate analy-
sis, age, height, BMI and sex indicated significantly 
strong correlations with renal length, whereas weight 
and BSA showed weaker correlations (Table 2). There 
was a significant correlation in kidney length accord-
ing to sex (Figure 4a, 4b). Both kidneys were longer 
in males (Table 3) (P=.03,right kidney; P=.015, left kid-

Figure 2. Age distribution of study population (n=950) 
(binwidth=6 months).

Table 1. Univariate analysis of relationship between renal length and body parameters.

Variable

Right renal length Left renal length

All (n=950) Male (n=501) Female (n=449) All (n=950) Male (n=501) Female (n=449)

β R2 β R2 β R2 β R2 β R2 β R2

Age 0.316 0.782 0.304 0.761 0.329 0.811 0.321 0.778 0.314 0.772 0.328 0.796

Height 0.047 0.829 0.046 0.802 0.047 0.858 0.048 0.831 0.047 0.817 0.047 0.849

Weight 0.101 0.714 0.098 0.701 0.105 0.727 0.103 0.708 0.100 0.695 0.105 0.722

BMI 0.213 0.165 0.217 0.171 0.205 0.153 0.213 0.159 0.209 0.151 0.213 0.161

BSA 3.968 0.802 3.865 0.781 4.066 0.825 4.033 0.800 3.971 0.786 4.079 0.818

All betas were significant (P<.001). BMI: body mass index, BSA: body surface area.

ney). Kidney length increased rapidly during the first 
24 months, while the growth rate slowed thereafter 
as shown in the renal length curve before and after 24 
months of age (P=.011, younger than 2 years for the 
right kidney; P=.009, older than 2 years for the right 
kidney; P=.036, left kidney: .017. Kidney by age cat-
egories are shown in Tables 4 and 5 (see below). In 
Table 6 (see below), age groups younger than 2 years 
were matched with studies from other countries (Hong 
Kong Chinese, Australian and American).9,10 There 
was no significant difference between Saudi, Hong 
Kong Chinese (P=.485) and Australian (P=.99) studies. 
However, a significant difference was found between 
Saudi and American studies (P=.001). In fact, we were 
unable to compare differences within each age group 
between the four countries or conduct any further anal-
ysis because of lack of the data from those studies. The 
plots of renal length versus age for all four countries 
showed remarkable agreement (Figure 5). 
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Table 3. Median renal length in 950 male and female infants and children.  

Right kidney
P value

Left kidney
P value

Male Female Male Female

All ages 7.6 (1.4) 7.4 (1.5) .031 7.8 (1.5) 7.5 (1.5) .015

≤2 years  5.9 (0.8) 5.6 (0.9) .011 5.9 (0.8) 5.6 (0.9) .009

>2 years 8.2 (1.1) 8.0 (1.1) .036 8.3 (1.1) 8.1 (1.1) .017

Data are mean (standard deviation). Units are centimeters.

Table 2. Multivariate analysis of relationship  between renal length and body parameters.

Variable

Right renal length Left renal length

All (n=950) Male (n=501) Female (n=449) All (n=950) Male (n=501) Female (n=449)

β P β P β P β P β P β P

Age 0.090 <.001 0.097 <.001 0.082 .006 0.075 <.001 0.083 .007 0.062 .041

Height 0.075 <.001 0.081 <.001 0.070 <.001 0.066 <.001 0.053 .018 0.079 <.001

Weight 0.021 .552 0.024 .667 0.019 .677 -0.010 .779 -0.055 .329 0.028 .548

BMI 0.119 <.001 0.146 <.001 0.098 <.001 0.117 <.001 0.123 <.001 0.112 <.001

BSA -4.695 .062 -5.590 .161 -3.979 .210 -2.615 .304 0.064 .987 -4.865 .136

Sex -0.102 .007 -0.143 <.001

R2 0.843 0.820 0.867 0.845 0.829 0.862

BMI: body mass index, BSA: body surface area. Model summary for all patients for right kidney: R square=.843, adjusted R square=.842, Durbin-Watson test statistic=2.006; for male: R 
square=.820, adjusted R square=.818, Durbin-Watson test statistic=2.035; for female: R square=.820, adjusted R square=.866, Durbin-Watson test statistic=1.959. Model summary for all 
patients for left kidney: R square=.845, adjusted R square=.844, Durbin-Watson test statistic=1.961; for male: R square=.829, adjusted R square=.827, Durbin-Watson test statistic=1.952; 
for female: R square=.862, adjusted R square=.860, Durbin-Watson test statistic=1.969.

DISCUSSION
Knowing the normal limits of kidney size for healthy 
children is useful for differentiating renal conditions. 
This is of particular importance in childhood, when 
renal length changes with age, and when renal tract 
abnormalities exist, such as reflux nephropathy, renal 
hypoplasia obstructive uropathy, and renal agenesis. 

Figure 5. Mean renal lengths by age in children from 
Saudi Arabia, Hong Kong, Australia and the United States.

Many studies have reported relationships between 
ultrasonographically measured renal sizes and other 
body parameters (height, weight, BMI and BSA).3,6,7,11,13 
Body height and weight may vary with ethnicity.10,12 To 
the best of our knowledge this study is the only study 
from Saudi Arabia that has evaluated the relationship 
between renal size and the overall body size of the in-
dividual, including age, height, weight, BMI and BSA. 

Some studies have demonstrated no significant 
differences between the left and right kidney siz-
es.1,2,9,10,15,16 However, in our study the left kidney was 
significantly larger than the right kidney, which is similar 
to what was reported in other studies.1,8,17-20 The reason 
is that the spleen is smaller than the liver, so the left kid-
ney has more space to grow.21 Also, 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.22

In terms of renal growth according to age, our data 
showed a statistically significant difference before and 
after 24 months of age. Consistent with other studies, 
the renal length increased rapidly until 24 months, while 
the growth rate was reduced thereafter.18,23 Numerous 
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Figure 6. Mean renal length and 2 standard deviations of the mean by age 
in 554 children at the Women’s and Children’s Hospital, Adelaide, Australia 
(unpublished).

studies have shown that height correlates best with 
renal length.1,8,23,24 Our study supports these reported 
results in that the renal lengths show the strongest cor-
relation with height. In fact, a previous study concluded 
that the reason for this important relationship is that the 
rapid growth in height during the first 2 years of life is 
intimately associated with a similar increase in kidney 
length.1

There are some disagreements regarding the cor-
relation between sex and kidney size in children. Some 
studies suggested that females have smaller kidneys,20,25 
while other studies have indicated no differences in re-
nal size between the sexes.3,11,12 We found a noticeable 
difference in kidney length by sex. Both kidneys were 
longer in males than females. These differences seen in 
males are solely dependent on a greater BSA.26

Although there were statistically significant dif-
ferences in renal length between the sexes as well as 
between the right and left kidneys, these differences 
were not considered clinically significant. Therefore, we 
presented renal length graphs based on the age group 
regardless of sex. This difference was considered to 
be small and not of any clinical significance,  the dif-
ference may be related to the change in the degree 
of respiration affecting the accuracy of the obtained 
measurement, or possibly to changes in the position of 
the patient during the examination, which is thought to 
influence the filling of the renal collecting system and 
consequently, altering the size of the kidney.27

The graph of ultrasonographically measured nor-
mal renal lengths from the Women’s and Children’s 
Hospital, Adelaide (Figure 6), has been widely used as 
a standard reference around the world as well as in our 
hospital, although these data have not previously been 
published as reported by Loftus et al. We highly ad-
vise that our renal length graph may be the best avail-
able for clinical use in our region. Our database of 950 
cases is considerably greater than their database of 554 
cases, and the smoothed plot of mean length with 2 
standard deviations of the mean is an ideal for refer-
ence in everyday scanning situations for children from 0 
day to 24 months (Figure 7) and children from 2 years 
to 14 years (Figure 8). 

There are limitations to our study. The study was 
retrospective, but renal length measurements were 
routinely performed by experienced sonographers fol-
lowing standard protocol during the ultrasonography 
examinations, and were rechecked by pediatric radiolo-
gists. Also, differences in ultrasonographic techniques, 
patient positioning, and cursor placement can affect 
the reproducibility of measurements on renal length. 
Therefore, future prospective studies evaluating intra- 

Figure 7. Mean renal length and 2 standard deviations of 
the mean by age for children under 24 months old in the 
present study (n=226).

Figure 8. Mean renal length and  2 standard deviations 
of the mean  by age for children 2 years to 14 years old in 
the present study (n=724).
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and interobserver agreements are necessary. Although 
the sample was not randomly chosen from different 
parts of the country, the hospital is the largest referral 
hospital in Saudi Arabia and thus the results may be 
generalizable.

In conclusion, scatter plots between age and renal 
lengths were established among Saudi children. There 

were size differences between the right and left kid-
neys and also between sexes; therefore, both should 
be measured separately. We have graphed and tabu-
lated the correlation of age with kidney length in this 
report, and believe that these tables and graphs can 
be used in radiology departments to assess conditions 
that lead to changes in renal size. 
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Figure 3. Renal growth curve by age, height, weight, and body surface area.
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Figure 4a (cont). Male vs. female renal growth curve by age and height.
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Figure 4b. Male vs. female renal growth curve by weight and body surface area.
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Table 4. Longitudinal lengths of both kidneys in children aged 24 months or less.

Age (months) n Site Mean (SD) Minimum Maximum
Percentiles

5th 95th

<1 37
Right 4.56 (0.55) 3.6 5.7 3.9 5.6

Left 4.60 (0.61) 3.6 5.9 3.7 5.6

1-3 27
Right 5.09 (0.46) 4.2 5.8 4.3 5.8

Left 5.11 (0.52) 4.3 5.9 4.3 5.9

3-5 21
Right 5.50 (0.55) 4.6 6.7 4.6 6.2

Left 5.51 (0.53) 4.5 6.5 4.5 6.0

5-7 14
Right 5.76 (0.45) 5.0 6.5 5.1 6.4

Left 5.93 (0.43) 5.4 6.7 5.4 6.6

7-9 20
Right 5.89 (0.46) 5.1 6.8 5.3 6.6

Left 5.94 (0.53) 5.1 7.1 5.2 7.0

9-11 15
Right 5.87 (0.50) 5.2 6.9 5.2 6.6

Left 5.90 (0.50) 5.3 7.0 5.4 6.9

11-15 30
Right 6.17 (0.47) 5.0 7.3 5.6 7.0

Left 6.23 (0.58) 5.0 7.9 5.4 7.1

15-18 20
Right 6.25 (0.51) 5.2 7.4 5.5 7.0

Left 6.42 (0.60) 5.1 7.2 5.6 7.2

18-24 42
Right 6.56 (0.54) 5.4 7.8 5.7 7.5

Left 6.65 (0.55) 5.4 7.8 5.8 7.4

Units are centimeters.
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Table 5. Longitudinal lengths of both kidneys in children aged between 2 and 14 years.

Age
(years) n Site Mean (SD) Minimum Maximum

Percentiles

5th 95th

2-3 76 Right 6.71 (0.56) 5.0 8.1 5.9 7.6

Left 6.83 (0.55) 5.7 8.3 6.0 7.9

3-4 84 Right 7.11 (0.58) 5.5 8.7 6.3 8.1

Left 7.19 (0.60) 5.8 8.5 6.1 8.2

4-5 67 Right 7.35 (0.62) 6.0 9.0 6.3 8.4

Left 7.43 (0.65) 5.7 9.1 6.5 8.6

5-6 68 Right 7.62 (0.66) 6.0 8.9 6.7 8.6

Left 7.70 (0.64) 6.4 9.1 6.6 8.8

6-7 70 Right 8.03 (0.64) 6.0 9.6 7.0 9.1

Left 8.11 (0.69) 6.6 9.9 7.0 9.1

7-8 63 Right 8.24 (0.70) 6.7 9.7 6.9 9.2

Left 8.25 (0.69) 6.7 9.5 7.2 9.2

8-9 50 Right 8.52 (0.65) 7.0 9.9 7.6 9.7

Left 8.69 (0.57) 7.3 10.3 7.8 9.4

9-10 63 Right 8.66 (0.62) 7.2 10.3 7.7 9.8

Left 8.86 (0.67) 7.3 10.2 7.8 9.9

10-11 51 Right 8.73 (0.57) 7.5 9.9 7.9 9.5

Left 8.91 (0.61) 7.6 10.3 8.0 10.0

11-12 49 Right 9.30 (0.65) 8.0 10.6 8.0 10.3

Left 9.46 (0.56) 8.0 10.8 8.5 10.2

12-13 46 Right 9.39 (0.62) 7.8 10.6 8.3 10.2

Left 9.54 (0.77) 7.9 11.0 8.1 10.9

13-14 37 Right 9.78 (0.64) 8.3 11.3 8.8 10.8

Left 9.74 (0.56) 8.4 10.8 8.7 10.6

Units are centimeters.
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Table 6. Renal length vs. age in Saudi Arabian, Hong Kong Chinese, Australian and American children.

Saudi Arabia Hong Konga Australia Americanb

No. of 
children

Mean renal 
length (cm)

No. of 
children

Mean renal 
length (cm)

No. of 
children

Mean renal 
length (cm)

No. of 
children

Mean renal 
length (cm)

0-4 months 77 4.9 21 5.0 27 5.1 32 5.2

4-8 months 31 5.8 22 5.7 24 5.5 10 6.2

8-12 months 35 6.0 11 6.3 17 5.7 4 6.2

1-2 years 83 6.4 16 6.3 57 6.2 14 6.7

2-3 years 76 6.8 10 6.7 62 6.8 6 7.4

3-4 years 84 7.2 14 7.2 57 7.2 15 7.4

4-5 years 67 7.4 9 7.4 67 7.4 13 7.9

5-6 years 68 7.7 13 8.0 55 7.8 15 8.1

6-7 years 70 8.1 8 7.7 34 8.0 7 7.8

7-8 years 63 8.2 16 8.0 30 8.3 9 8.3

8-9 years 50 8.6 11 8.4 31 8.6 9 8.9

9-10 years 63 8.8 17 8.8 24 8.7 7 9.2

10-11 years 51 8.8 10 9.1 24 9.0 14 9.2

11-12 years 49 9.4 10 9.4 22 9.5 11 9.6

12-13 years 46 9.5 7 9.2 19 9.5 9 10.4

13-14 years 37 9.8 19 9.6 4 10.1 7 9.8

Total 950 214 554 182 

aThe Hong Kong study involved 250 children (214 ≤14 years). bThe American study involved 203 children (182≤14 years). Ages older than 14 years were excluded in this comparison. 


