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Abstract: Changes in renal morphology are apparent by many pathologies. The objectives of this study were to characterize the
kidneys of Sudanese school aged children sonographically, and correlate with their demographic indices, as well as to establish a local
reference of normal values. A total of 215 healthy children were included, 104 (48.4%) were males and 111 (51.6%) were females. All
children underwent ultrasound examination for abdomen, coupling gel was used and longitudinal and transverse scans were obtained.
The study showed that the normal Left Kidney Length was 7.9 + 0.8, 8.1 £0.7.Left Kidney Width 3.9 £ 0.5, 3.9 + 0.5 and Right Kidney
Length 8.0 £ 0.8, 8.3 + 0.8, Right Kidney Width 3.4 + 0.4, 3.4 + 0.4 for males and females respectively . Significant differences were
noticed between two genders for left and right lengths(p-values =0.017, 0.037).A significant relationship at p-value 0.000 was detected
between the kidneys measurements and children age, weight, height, abdomen circumference(AC) and Body mass index(BMI). The Left
Kidney Length/spleen length ratio was found to be decreased in the ages of 9 and10 years for females and Right Kidney Length/liver
length ratio was increased in the ages 8, 10 years for females. This study revealed that the kidneys measurements for Sudanese school
aged children differed from what was mentioned in the previous studies in the same age groups. To the best of our knowledge, in clinical
practice there are no pediatric kidneys length and width equations for interpretation of sonographic examinations. Reference values were
established .We hope this study contributes to daily practice in ultrasound clinics. These measurements can be considered as typical, and
should be used for adequate comparison in evaluation of children kidney diseases.
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used as an indicator of the chronicity of renal disease, with a
value of 9 cm or less considered indicating irreversible disease.
[9]As youth is an important period of growth for many organs,
therefore, having a reliable reference for kidney length and
width in children is valuable in evaluation of renal growth. The
Sudanese population has immigrants from many different
countries, resulting in a mixed population. Therefore the
normal pattern of renal length and width should be established
for this population considering its characteristics and
demographic indices. The aims of this study were to establish a
local reference of the right and left kidneys length , width and
renal/ liver and renal/ spleen length ratios, and to find out
correlations with the age, gender, body mass index, height,
weight, abdominal circumference.

To the best of our knowledge no study was done in the open
literature regarding the renal sonographic measurements of the
Sudanese Healthy school aged children.

1. Introduction

Characterization of kidneys is very important to the
clinician to determine the health of the individuals and
diagnose any presence of abnormalities. [1] Renal length is the
most frequently used quantitative calculation of renal size for
comparison with documented standards. [2, 3]Many studies
have revealed that the kidney measurements are predisposed
by many factors including: age, ethnicity, gender, and other
factors. [4, 5]There are few studies to define the normal limits
of organ dimensions in healthy children, especially school-aged
children. [6, 7]Ultrasonography is one of the most widespread
imaging modalities used in everyday practice for visualizing
the normal anatomy and is also easy and dependable to
visualize  pathological changes in the abdominal
organs.[8]Ultrasound measurement of renal length is frequently
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2. Materials and Methods
2.1. Materials

This study was done in Alsidigah School and Hamza Ebn
Abdmutalib School- Bhary City during the period from
February to June 2012.

This study dealt with the normal kidney measurements in
healthy school aged children and correlates them with
gender, age, height, weight and body mass index (BMI), as
well as the left kidney/spleen ratio and right kidney/liver
ratio in both genders for evaluation of their growth.

A  number of 215 healthy Sudanese school
aged-children,104(48.4%) were males and 111(51.6%) were
females .Their ages were between (7-13) years old .All the
children were with normal organ position, shape and echo
texture. Children with paraenchymal mass lesions, cysts,
hydronephrosis, splenomegaly ,hepatomegally, renal disease
were excluded.

The sonographic examinations were performed with a
high resolution real time scanner (SSD-500 Aloka Medical
System Co, Ltd, Tokyo, Japan) with a 3.5MHz convex
transducer.

2.2. Methods

The examination was done with the children in the supine
position, left lateral decubitus, lateral oblique positions for
the right kidney and right lateral decubitus or lateral oblique
positions for the left kidney.

Scans are performed in the sagittal and transverse planes
from the anterior approach using the liver and spleen as
acoustic windows.

For measurements of length: the maximal longitudinal
axes were evaluated from the ventral side. The calipers were
placed on the outer edges of the caudal and cranial side in a
sagital plane to obtain the maximum longitudinal renal
length .The width was measured from the ventral
ultrasonographic section of the kidney, the width that is
perpendicular to the longitudinal length was obtained.

The spleen and liver length was also measured using
computer curser. The children weight, height, abdomen
circumference and BMI were measured and recorded in a
master data sheet.

For statistical analyses Excel 2007 and SPSS program
version 16 were used. Data were expressed as mean values
and standard deviation; equations were created from the
relationship regressions.

3. Results

The children demographic data were evaluated and classified
into classes and signified in percentages (%).

Children Body Mass index (BMI) were: 10-14.9 representing
(34.9%), 15-19.9(51.6%), 20-24.9(9.8%), 25-29.9 (3.3%) and
the BMI of 30-34.9 representing (0.5%).

Children weights were: 16-26 representing (33.5%)
27-37(42.3%), 38-48(14.4%), 49-59(7.4%), and >60

representing(2.3%).
Abdominal circumferences were: 40-49 constituting (5.6%),
50-59(60.9%), 60-69(25.1%), and>70 constituting (8.4%).
Children Heights were: 110-129representing (24.2%),
130-149(60.0%), and 150-169 representing(15.8%).

Table(1). Compare mean of Kidneys length and width, Children
Demographic Indices, Spleen and Liver Length according to gender:

. Gender P-
Variables Total

Male Female value
BMI* 16.6+23 16.9+42 16.8+3.4 0.58
LKL* 79+0.8 8.1+0.7 8.0+0.8 0.02"
LKW* 3.9+0.5 3.9+0.5 3.9+0.5 0.22
RKW* 34+04 34+04 34+04 0.59
RKL* 8.0+0.8 83+0.8 8.1+0.8 0.04"
A 87+ 1.1 93+ 1.1 90+12 0.00"
Length
el 125+1.1 12.8+1.4 12.741.3 0.13
Length
Weight 31.6+78 33.4+11.8 32.5+10.1 0.19
(AC)* 572+5.6 59.3+8.1 58.2+7.1 0.03
Height 136.9+0.5 138.8+11.4 137.9+ 1.0 0.20

*BMI=Body Mass Index, LKL=Left Kidney Length, LKW= Left Kidney
Width, RKW= Right Kidney Width, RKL= Right Kidney Length,
Abdominal Circumferences=AC. Values are expressed as Mean + SD; *
Significant at P-value < 0.05.

Table (2). Compare left kidney length/spleen ratio and right kidney  /liver
ratio according to age and gender.

Left Kidney Right Kidney
Agelyears Gender Length/spleen Length/liver
; Male 0.95 0.64
ar:
years Female 0.94 0.64
. Male 0.95 0.63
years Female 0.97 0.69
0 Male 0.92 0.63
years Female 0.82 0.64
10 Male 0.95 0.64
ar:
years Female 0.83 0.68
0 Male 0.90 0.66
years Female 0.86 0.64
Male 0.86 0.64
12 years
Female 0.87 0.64
i’ Male 0.86 0.66
years Female 0.85 0.62
12
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Figure [1]. A scatter plot diagram showed a linear relationship between
children Spleen Length and left kidney length, as the spleen length
increased the left kidney length is also increased by 0.48 ,R*=0.269
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Figure [2]. A scatter plot diagram showed a linear relationship between
children Liver Length and right kidney length, as the liver length increased
the right kidney length is also increased by 0.40 R*=0.416.

Table (3). Shows Proximity Matrix of correlations between kidneys length
and width and body demographic indices, spleen length and liver length.

Correlations LKL* LKW* RKW* RKL*
BMI* PC 0.37 0.16 0.26 0.37
P-value 0.000 0.021 0.000 0.000
LKL* PC 1.00 0.24 0.43 0.68
P-value . 0.000 0.000 0.000
PC 0.24 1.00 0.19 0.27
B P-value 0.000 . 0.006 0.000
PC 043 0.19 1.00 0.46
REW* P-value 0.000 0.006 . 0.000
PC 0.68 0.27 0.46 1.00
LS5 P-value 0.000 0.000 0.000 .

Spleen PC 0.69 0.21 0.33 0.66
length P-value 0.000 0.002 0.000 0.000
Liver PC 0.56 0.23 0.38 0.65
length P-value 0.000 0.001 0.000 0.000
e PC 0.55 0.27 0.40 0.58
P-value 0.000 0.000 0.000 0.000

ACH PC 0.46 0.23 0.35 0.40
P-value 0.000 0.001 0.000 0.000

sk PC 0.61 0.33 0.41 0.68
) P-value 0.000 0.000 0.000 0.000

*BMI=Body Mass Index, LKL=Left Kidney Length, LKW= Left Kidney
Width, RKW= Right Kidney Width, RKL= Right Kidney Length,
Abdominal Circumferences=AC. The Pearson Correlation (PC) denotes
value of the correlation either positive (+) or negative (-) as the follow: 0.90
— 1.00 very strong relationship, 0.70 — 0.89 strong relationship,0.50 — 0.69
middle relationship,0.00 — 0.49 weak relationship.

4. Discussion

There are few detailed studies to interpret the organ
dimensions in school-aged children. [10] Ultrasonography is
one of the most common imaging methods used in routine
practice. Comparing the variables means according to
gender, were presented in table [1].A significant difference
between males and females in Left Kidney Length, Right
Kidney Length, Spleen length and AC, were noticed,
because P-value is [10.05 (0.017, 0.037, 0.000 and 0.029)
respectively, that means the means of Left Kidney Length,
Right Kidney Length, Spleen and AC in females are more
than means in males, respectively. But in the other variables
there is no significant difference concerning gender.
Previous studies showed that the longitudinal measurements

of the children livers, spleens, and kidneys were best
correlated with body parameters.[11-18]The results of our
study were in accordance with the findings of those studies.
Comparing variables means according to different age
classes and gender were presented in table [4] .The body
demographic indices including children height, weight, BMI,
AC, age and gender, which were presented in table [3]
showed significant relations with the kidneys length and
width as well as Liver and Spleen length .The age is an
important factor affecting the organs measurements, because
in childhood period of life, there is a full maturation of all
renal structures. The cortex: medulla ratio increases in the
newborn infants, due to cortical immaturity till it reaches its
normal values in adults.[19] The glomeruli begin to
degenerate as early as the seventh month of the intrauterine
life ,and by the seventh year of life there are clearly visible
degenerated juxtamedullary glomeruli .[11]Similar studies
regarding the kidney dimensions showed that there is a
prominent correlation between the kidney length and the age
of children, their height, and weight and body surface. But
no gender differences were recognized. [20, 21]

Studies established normal limits of the liver, spleen, and
kidneys and defined them according to body weight, which
showed the most important correlation with organ
dimensions. [22]The bodyweight might show variations in
different ethnic origins. [22]Therefore we correlated the
kidneys measurements with the children weights. The study
showed significant relations with children weight at p-value
0.000.Normal Renal Measurements in Children were
studied in similar group of age [23], it was found to be
greater to what was found in our study.

Also, our study has built the following prediction models
of the lengths and width of the measured Right and left
kidneys in millimeters, according to BMI, AC and children
ages as an established method for the clinicians.

Left Kidney length=0.19XChild age+6.02 ’=0.13
Right Kidney length=0.25XChild age+5.66 1’=0.42
Left Kidney length=0.0.01XChild BMI+6.72 r*=0.05
Right Kidney length=0.08XChild BMI+6.72 1’=0.13
Left Kidney Length= 0.048xChild (AC) +5.08 r=0.10
Right Kidney length=0.044XChild (AC) +5.54 =16
Left Kidney Width=0.022XChild (BMI) +3.51 *=0.02
Right Kidney Width=0.027XChild (BMI) +2.96 *=0.07
Left Kidney Width=0.070XChild (age) +3.19 *=0.09
Right Kidney Width=0.070XChild (age) +2.73 *=0.15
Left Kidney Width=0.015XChild (AC) +2.96 1’=0.05
Right Kidney Width=0.018XChild (Ac) +2.38 *=0.12

One sonographic study measured the annual increase in
length of the kidneys during childhood. [24] Therefore
correlations between the right and left kidneys with other
adjacent organs including the liver and spleen were also
studied. Comparing left kidney length/spleen ratio and
right kidney /liver ratio according to age and gender were
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presented in table [4] .The results showed that the Left
Kidney Length/spleen length ratio in the ages 9 and10
years (0.82, 0.83) decreases for females and Right Kidney
Length/liver length ratio in the ages 8, 10 years (0.69,
0.68) increases for females. A linear relationship between
children Spleen Length and left kidney length, was
presented in figure [1], and as the Spleen length increased
the kidney length is also increased by 0.48mm ’=0.269. A
linear relationship between child Liver Length and left
kidney length, was also demonstrated in figure [2], as the
Liver length increased the kidney length is also increased
by 0.40mm.r’=0.416. Equations were established to
estimate the kidneys length when the normal spleen and
liver length were known in the age group of (7-13) years
old.

{Left Kidney length = 0.481XChild spleen length + 3.604).
{Right Kidney length=0.404XChild Liver length+3.017}.

5. Conclusion

This study revealed that kidneys length and width showed
correlation with body demographic indices as well as liver
and spleen length. The Sudanese measurements are different
from what was mentioned in previous studies in the same
age groups. To the best of our knowledge, in clinical practice
there are no pediatric organ length graphs and equations for
interpretation of sonographic examination. We hope this
study contributes to daily practice in radiology and
ultrasound clinics. These measurements can be considered
as typical, and should be used for adequate comparison in
evaluation of children kidney diseases.

Table (4). Compare mean of variables according to age and gender.

Age Gender  BMI* LKL*  LKW* RKW*  RKL* E'e’:l:’l‘l LI;'Jge:h Weight AC* Height
7 Male  15.6+18 7.6 £0.6 35405 32403 73+07 8.0+08 114409 237+34  535:4.1 1237469
years  Female 13.6£17 74+07 3704 33405 74408 79+05 115208 223+37 543£42 127.9+35
8 Male  157+16 71406 3.8£05 32402 74406 7.5+06 118411  26.0+37 543+3.1 1284457
years  Female 137423  7.6£0.6 38404 33+02 79404 7.8+05 114409 221452 527468 126.8+5.1
9 Male  165:16 73+07 3705 33%03 76407 79+07 120408 295£39 57.1+49 133745
years Female 19.6£59 81405 4.0+£0.5 34+02 82405 99+09 129+1.1 363+11.8 63.3+103 135.7+4.1
10 Male 16722 82+04 40£06 35+04 84+£05 86£04 132£09 31.9t43 587+43 138.1£58
years Female 17.3:33 83+03 39405 34+03 84+05 100403 127409 342497  59.9+48.1  140.0+8.9
11 Male  16.1£22 83406 41£05 3.5+04 84+04 92+07 12.8£09 323+55 573+45 1413£58
years  Female 17.3:3.0 82403 39404 35504 85+03 9.5:03 132406 347464 604+57 141.5:4.6
12 Male 183+32 83+04 3905 35+03 85£04 97+10 133208 37.8+83 57.8£68 1432+4.4
years Female 18027 87+0.6 41405 3.6=04 89+0.6 10.0£0.3 14.0:0.6 39.8£72  603+68 148.6+7.2
;3 Male 177424 8407 40:04 36404 86:08 98407 13.0+.9 40385 615470 1503+9.7
years  Female 20243 89405 42£04 37403 89407 10.5-.5 1449 486+103 66.1£6.6 1553+7.5

*BMI=Body Mass Index, LKL=Left Kidney Length, LKW= Left Kidney Width, RKW= Right Kidney Width, RKL= Right Kidney Length, Abdominal

Circumferences=AC.Values are expressed as Mean + SD.

Acknowledgements

Our Thanks to Sudan University of Science and
Technology, College Of Medical Radiological Science and
Alsidigah School and Hamza EbnAbdmutalib School-
Bhary City. Khartoum- Sudan.

References

[1] E. Supriyanto, A.T .Nurul, M.N Syed, Automatic Ultrasound
Kidney’s Centroid Detection System, 15th International
WSEAS GSCC Multi conferences held in Corfu Island,
Greece, July 14-16, 2011 ISBN: 978-1-61804-019-0 Page
160-16

[2] D.M .Rosenbaum, E. Korngold, R.L. Teele. Sonographic
assessment of renal length in normal children. AJR 1984;
142:467-470

[3] B.K. Han, D.S. Babcock. Sonographic measurements and
appearance of normal kidneys in children. AJR 1985;
145:611-616

[4] M .Elkin, 1980. Kidney size, In: Elkin M (ed.), Radiology of
the urinary system. Boston, Little, Brown and company:
1014-1032.

[5] J.J. Chen, J. Pugach, M. Patel, A. Luisiri and GF. Steinhardt,
2002. The renal length nomogram: a multivariate approach. J
Urology. Vol. 168: 2149-2152.

[6] J.T. De Sanctis, S.A. Connoly, R.T .Bramson. Effect of
patient position on sonographically measured renal length in
neonates, infants and children. AJR Am J Roentgenol 1998;
170:1381-1383.

[71 JM .Zerin, C.E .Blane. Sonographic assessment of renal
length in children: a reappraisal. Pediatr Radiol 1994;
24:101-106.

[8] A.L Udoaka, C. Enyi ,C.E. Agi ,Sonological Evaluation of
the Liver, Spleen and the Kineys in an Adult Southern
Nigerian Population Asian Journal of Medical Sciences 5(2):
33-36,2013

[91 Roger, S D, Beale, AM, Cattell, W R And Webb, Jaw, What
is the value of measuring renal parenchymalthickness before
renal biopsy? Clin. Radioi, 49,45-49 (1994).



88

[10]

[11]

[12]

[15]

[16]

[17]

Caroline Edward Ayad ef al.:

Ultrasound Quantification of Kidneys Length and Width to Establish Normal Values in Healthy

Sudanese School Aged Children

.Konus, A .Ozdemir, A .Akkaya, G .Erbas, H .Celik, S .Isik.
Normal liver, spleen and kidney dimensions in neonates,
infants and children: evaluation with sonography. AJR Am J
Roentgenol 1998; 171:1693— 1698.

R.D .Lindeman, R .Goldman. Anatomic and physiologic age
changes in the kidney. Exp Geront 1986; 21: 379-406

H.K. Rosenberg, R.I. Markowitz, H. Kolberg, C. Park,
A Hubbard, R.D. Bellah. Normal splenic size in infants and
children: sonographic measurements. AJR Am J Roentgenol
1991; 157:119-121

U .Carpentieri, L.P. Gustavson, T.M .Leach, H .Bunce. Liver
size in normal infants and children. South Med J 1977;
70:1096-1097.

.Konus, A .Ozdemir, A .Akkaya, G .Erbas, H .Celik, S.Isik.
Normal liver, spleen and kidney dimensions in neonates,
infants and children: evaluation with sonography. AJR Am J
Roentgenol 1998; 171:1693-1698

S.K .Soyupak, N .Narli, H . Yapicioglu, M. Satar, E.H. Sungur.

Sonographic measurements of the liver, spleen and kidney
dimensions in the healthy term and preterm newborns. Eur J
Radiol 2002; 43:73-78

JM Zerin, C.E .Blane. Sonographic assessment of renal
length in children: a reappraisal. Pediatr Radiol 1994;
24:101-106

E .Dinkel, M. Ertel, M. Dittrich, H. Peters, M.Berres, H.
Schulte-Wissermann. Kidney size inchildhood:sonographical
growth charts for kidney length and volume. Pediatr Radiol
1985; 15:38-43

[18]

[19]

[20]

[23]

[24]

B.K .Han, D.S. Babcock. Sonographic measurements and
appearance of normal kidneys in children. AJR Am J
Roentgenol 1985; 145:611-616

H .Hricak, T.L .Slovis, C.W .Callen, P.W. Callen, R.N.
Romanski. Neonatal Kidneys: Sonographic Anatomic
Correlation. Radiology 1983; 147: 699-702

E .Dinkel, M. Ertel, M. Dittrich, H. Peters, M .Berres,
H .Schulte-Wisserman. Kidney size in childhood.
Sonographical growth charts for kidney length and volume.
Pediatr Radiol 1985; 15:38-43

R .Cukuranovié, P Miljkovi¢, N .Stefanovi¢, M .Stojanovic,
M .Dakovi¢-Bjelakovi¢. Dimensions of normal kidney
parameters in children estimated by ultrasonography. Folia
Anat 2002;30: 23-30

Alp Alper Safak, ,Enver Simsek, ,Talat
Bahcebasi, ,Sonographic Assessment of the Normal Limits
and Percentile Curves of Liver, Spleen, and Kidney
Dimensions in Healthy School-Aged Children J Ultrasound
Med 2005; 24:1359-1364

Alev Kadioglul Renal Measurements, Including Length,
Parenchyma Thickness, and Medullary Pyramid Thickness,
in Healthy Children: What Are the Normative Ultrasound
Values? AJR 2010; 194:509-515

A.E .Schlesinger, R.J .Hernandez, J.M .Zerin, T.I .Marks,
R.C Kelsch. Interobserver and intraobserver variations in
sonographic renal length measurements in children. AJR
1991; 156:1029-1032.



