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Abstract

Objective: To provide a reliable and practical reference for normal standard kidney length values in
Jordanian children using ultrasound according to age, height, and weight, and to assess the
comparability of our standards to those from previous studies.

Materials and Methods: The kidneys of 331 children (156 males, 175 females) ages between
newborns and 14 years of age, who had diseases unrelated to the urinary tract were prospectively
examined by ultrasound. All the examined kidneys were normal in size, shape, and position. The
length of the kidneys were correlated with the age, weight, and height of the patients, and was
compared to previous studies published in the literature.

Results: There was no significant statistical difference between the length of the right kidney and the
left kidney, and no difference between boys and girls (P>0.05). There was good correlation between
the length of the kidneys and the somatic parameters of the patients. Also, there was agreement
between the kidney length in our study to those from previous international studies.

Conclusions: A reliable and practical reference for normal standard kidney length values in Jordanian
children is provided, which is in concordance with previously published data.
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Introduction diagnostic and prognostic purposes. Several
urinary tract and systemic diseases are
Assessment of kidney length is a common associated with alteration in kidney size such
practice in pediatric radiology for both as: urinary tract infections, obstructive
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uropathies, renal parenchymal diseases,
vescio-ureteric reflux, presence of solid or
cystic masses, oncology diseases, and
congenital agenesis or nephrectomy resulting
in compensatory hypertrophy . Therefore, it
is of great importance to establish normal
kidney growth charts to determine whether the
kidney length is within normal limits for a
specific age group, particularly that kidney
size changes with age and growth of the
child®.

There are several reference growth charts
of the kidney size by ultrasound available in
the literature for the pediatric population in
western countries®®. Most of these studies
have assessed kidney growth in comparison to
changes in age, height, weight, and body
surface area. The Kkidney size is widely
measured by the length®, or by the renal
parenchymal volume®. Since there are no
kidney size reference values available for
Jordanian children, the available data from
other countries provided in the literature are
widely used in Jordanian health institutions.
Therefore, the aim of this study was to provide
a reliable and practical reference for normal
standard kidney length values in Jordanian
children using ultrasound according to age,
height, and weight, and to assess the
comparability of our standards to those from
previous studies which proved to show no
significant difference.

Methods

The subjects in the study were inpatients
and outpatients within a large general hospital
serving a population of more than 1.2 million
in the north part of the Kingdom. The patients
were referred to the radiology department to
obtain an ultrasound for symptoms or reasons
unrelated to the wurinary tract. Exclusion
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criteria included: urinary tract infection,
vesico-ureteric reflux, hydronephrosis, any
congenital anomalies of the urinary tract, renal
parenchymal masses or cysts, oncology
patients, and trauma patients. The height and
weight of each patient were recorded at the
time of the examination to the nearest 0.1 cm
and 0.1 kg, respectively, and only the patients
whose growth parameters were within normal
limits according to the growth charts were
included in the study.

A total of 331 pediatric patients (175
females and 156 males) aged from newborns
to 14 years who met the inclusion criteria
during the study period were prospectively
examined using a real time ultrasound machine
(ALT, HDI 5000, USA) with 5-8 MHz or 4-7
MHz sector transducers equipped with
electronic calipers. The maximum bipolar
length of the right and left kidneys were
measured in a sagittal view. The patient was
positioned in a supine position or in a
contralateral decubitus position, with the probe
oriented subcostally or posteriorly for the
supine and lateral decubitus positions,
respectively. The measurements were recorded
to the nearest 0.1 cm. The studies were
performed by three radiologists with 5-10
years of experience in ultrasound.

The study was approved by the Institutional
Review Board at Jordan University of Science
and Technology.

Statistical analysis:

Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS
version 15). The age of the patients was
categorized into 10 categories. Data were
described using means and standard
deviations. The difference in the length
between the right and left kidneys was tested
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using paired t-test. Independent t test was used
to compare the mean kidney length between
boys and girls. One way ANOVA was used to
compare the mean kidney lengths for children
according to age, weight, and height
categories. The results were considered
significant at a p-value of less than 0.05.

Kidney length from our data was compared
to previous published data of children from
America, Australia, and Hong Kong. For the
purpose of comparability, our data was
rearranged into the same age subgroups that
were reported in the published studies.

Results

A total of 331 children (175 (53%) females
and 156 (47%) males) were included in this
study. On average, the left kidney was slightly
but statistically insignificantly longer than the
right kidney with an average difference of
about 0.07cm. Therefore, the average length of
the right and left kidneys was taken and
analyzed. There was no significant statistical
difference between the kidney length between
boys and girls in all age groups (P >0.05).
Accordingly, the kidney length was reported
for all children according to age (table 1),
weight (figure 1), and height (figure 2).

Table 1. The length of the kidney in correlation with age

Age

No. of Minimum Maximum Mean 95% Confidence
Months (m) patients (cm) (cm) (cm) Sb Interval
Years (y)
0-3m 33 3.1 5.6 4.6 0.5 (4.4, 4.8)
3-6 m 25 4.6 6.2 5.4 0.4 (5.2, 5.6)
6-12 m 43 4.2 6.7 5.9 0.6 (5.8, 6.1)
1-2y 23 5.4 8.0 6.6 0.6 (6.3, 6.8)
2-4y 35 5.4 8.4 6.8 0.6 (6.6,7.1)
4-6y 38 5.9 9.0 7.6 0.7 (7.4,7.9)
6-8y 41 6.0 9.2 7.9 0.7 (7.6, 8.1)
8-10y 39 6.9 10.2 8.5 0.8 (8.2,8.7)
10-12y 30 7.6 10.8 8.9 0.9 (8.6, 9.2)
12-14y 24 7.0 11.5 9.4 1.1 (9.0, 9.9)
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Figure 1: Figure 1: Graph shows kidney length versus weight
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Figure 2: Figure 2: Graph shows kidney length versus height
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Figure 3: Graph showing mean kidney length in children from Jordan,
Hong Kong, Australia, and United States
The length of the kidney was correlated length of the kidney from 4.6 cm in the 0-3
with age, height and weight for all age groups. months age group to 9.4 cm in the 12-14 year
There was a steady linear increase in the age group.
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Figure 3 shows the comparison between
our data and data reported in Loftus et al. ©
study in which they compared data from
America, Australia, and Hong Kong. Our data
showed close agreement.

Discussion

Ultrasound is the modality of choice to
assess kidney length and morphology. It lacks
ionizing radiation, can be performed bedside
and in real time, is well tolerated by the patient
and parents, and the measurements are
reproducible ™9

Previous studies were not consistent in
establishing a solid view in regard to which
kidney was longer or whether there was no
difference between their lengths. A number of
studies showed a significant difference of
length between the left and right kidneys, and
most of the studies showed that the left was
longer than the right ©*2. The right kidney
was found to be longer than the left in few
cases @™ And no significant difference was
found in others “**®_ In our study, there was a
slight difference in length between the left and
right kidney, the left kidney being longer with
a difference of 0.07cm. This difference was
considered to be small and not of any clinical
significance and may be attributed 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, or
probably related to the change in the degree of
respiration affecting the accuracy of the
obtained measurement ©.

Although there are known differences in
the body composition and rate of body growth
among females and males®'”, there was no
significant difference in the Kkidney length
among boys and girls in all age groups in our
study. This finding correlates well with
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previous published data 411416,

In children; the growth of organs is
dependant on the growth of the child's body,
and thus, the organ growth can be correlated
with somatic parameters, such as: height,
weight, and body surface area in addition to
age ®. Most of the previous studies had shown
that the best correlation was made with
height®*®, others found the best correlation to
be with the weight™. We compared the
kidney length with age, height, and weight,
and found that the kidney length correlated
well with all variables, and therefore, could be
used interchangeably. But since it might be
difficult to obtain the height and weight of the
child at the time of examination; we
considered correlation with age to be more
practical™®.

Chen et al and Ece et al.®'% suggested that
different ethnic backgrounds and nutritional
status may affect the growth of the kidneys in
children. But a study conducted by Loftus et al
@ showed there was no difference in the
kidney length between children from different
ethnic backgrounds. They compared the
kidney length of children from Hong Kong,
Australia, and America in correlation with age.
In a study by Otiv et al.®), the authors found
the length of the kidneys of Indian children to
be smaller than that of American children in
respect to age. However, they suggest that the
difference could have been less if the length
was correlated with body height. We used the
data available from Loftus et al ) to compare
the kidney length versus age in our children
with that of their data. We found there was no
significant difference in kidney length between
the Jordanian children and the Hong Kong,
Australian, and American children studied in
relation to age. Although a difference may be
present if the data was compared in relation to
other somatic parameters, which warrants
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further investigations.

The limitation to this study is attributed to
the fact that three radiologists of different
levels of experience (5-10 years) performed
the sonographic measurements contributing to
inter-observer bias. In addition to the small
sample size from only the north part of the
Kingdom that might not be entirely
representative of the whole pediatric
population in Jordan.

References

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

2. Geelhoed JJ, Taal HR, Steegers EA, Arends
LR, Lequin M, Moll HA et al. Kidney growth
curves in healthy children from the third
trimester of pregnancy until the age of two
years. The Generation R Study. Pediatr
Nephrol. 2010; 25: 289-298.

3. Creel S, Anderson J, Michael K, Pinkerman B.
Evaluation of pediatric renal size by
sonography. Journal of diagnostic medical
sonography. 1999;15:1-6.

4. Loftus WK, Gent RJ, LeQuesne GW, Metreweli
C. Renal length in Chinese children:
Sonographic measurement and comparison with
western data. J Clin Ultrasound. 1998; 26: 349-
352.

5. Kim BW, Song MK, Chung S, Kim KS.
Evaluation of kidney size in children: a pilot
study of renal length as a surrogate of organ
growth. Korean J Pediatr. 2012; 55:54-57.

6. Otiv A, Mehta K, Ali U, Nadkarni M.
Sonographic measurement of renal size in
normal Indian children. Indian Pediatr. 2012;
49: 533-536.

7. Geelhoed JJ, Kleyburg-Linkers VE, Snijders
SP, Lequin M, Nauta J, Steegers EA et al.
Reliability of renal ultrasound measurements in
children. Pediatr Nephrol. 2009; 24: 1345-1353.

8. Michel SC, Forster I, Seifert B, Willi UV,
Huisman TA. Renal dimensions measured by
ultrasonography in children: variations as a
function of the imaging plane and patient
position. Eur Radiol. 2004; 14: 1508-1512.

106

In conclusion, our study is in concordance
with previous published data, there is no
significant difference in the Kkidney length
among boys and girls or between the left and
right kidney. And the kidney length of our
children was in agreement to those from other
western and Asian studies with no significant
difference.

The authors declare no conflict of interest.

9. Chen JJ, Pugach J, Patel M, Luisiri A,
Steinhardt GF. The renal length nomogram:
multivariable approach. J Urol. 2002; 168:
2149-2152.

10. Schmidt IM, Main KM, Damgaard IN, Mau C,
Haavisto AM, Chellakooty M et al. Kidney
growth in 717 healthy children aged 0-18
months: a longitudinal cohort study. Pediatr
Nephrol. 2004; 19: 992-1003.

11. Safak AA, Simsek E, Bahcebasi T. 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.

12. Zerin JM, Meyer RD. Sonographic assessment
of renal length in the first year of life: the
problem of "spurious nephromegaly”. Pediatr
Radiol. 2000; 30: 52-57.

13. Adeyekum A, Ibadin M, Omoigberale A.
Ultrasound assessment of renal size in healthy
term neonates: a report from Benin City,
Nigeria. Saudi J Kidney Dis Transpl. 2007; 18:
277-281.

14.Dixit PK, Sahai SB, Rath B, Garg A,
Chowdhury V. Norms for renal parenchymal
volume in Indian children. Indian Pediatr. 1994;
31:1059-1064.

15. Vujic A, Kosutic J, Bogdanovic R, Prijic S,
Milicic B, Igrutinovic Z. Sonographic
assessment of normal kidney dimensions in the
first year of life--a study of 992 healthy infants.
Pediatr Nephrol. 2007; 22: 1143-1150.

16.Han BK, Babcock DS. Sonographic
measurements and appearance of normal
kidneys in children. AJR Am J Roentgenol.
1985; 145:611-616.

17.Schmidt IM, Molgaard C, Main KM,
Michaelsen KF. Effect of gender and lean body

J Med J 2015; June: Vol. 49 (2) http/ journals.ju.edu.jojmj



Sonographic Assessment of Kidney Length in Jordanian Children: ... Liga A Rousan et al.

mass on kidney size in healthy 10-year-old the normative ultrasound values? AJR Am J
children. Pediatr Nephrol. 2001; 16: 366-70. Roentgenol. 2010; 194: 509-515.

18. Kadioglu A. Renal measurements, including 19. Ece A, Gozu A, Bukte Y, Tutanc M, Kocamaz
length, parenchymal thickness, and medullary H. The effect of malnutrition on kidney size in
pyramid thickness, in healthy children: what are children. Pediatr Nephrol. 2007; 22: 857-863.

(SR pgadl jlgr alsesl eidy ¥ JUBYI wis S g oLl 3
1ol Jads B byt g o il

€ o gy Ogads dores Chirla ity g et 0gale P ilablad slgr f Olug N o ST s

53y Lo g gy aghall dmsler (el 1S (69931l Rl Bl BadH) B sl Bl —1
el aalod) (Call ST AadY) b (el Sl —2

Ay Lo gl g1 g aghall el (dall BIS (941 Al sy da el dadY) B ()Lt Skl —3
Y Lo gl g1 g aghall dmaly () IS JUBYI (b d (Sl el —4

s b dplalt A el dgke (JubYI we Ldadly LS 2d! gl b eud =5

53N L Sl ashall dasle (o) AJS” alall Bl B (Bl —6

sl

Sl odn B5lag (o3, V) JULYY e JSUI Jlshl olald) adltas I3 hes By 08 2ds5 ) 2l B 1Bl

A

Aol e Ol 058 gl 3 VU pgadl les (UL 1755 1,83 156) Wb 331 asgast Lo amb ¢ A 1k ol
14y saor aign L ol Ball S jlesl COIS7 L aB5bly ool 2 n e g5 IS i 315 . Lol SLedls ilane 2
AL SLahlll e SLaldll B)lie Lasly Geall S50 0 35 1570590 Jsby ens IS plonal BlLs)l W3 £ Ll

= 3 M ggi g Vo ol K.AQ\ 9 el 4.;.1.,<J\ el Bomle M L“;T Syorg pds Jl c?\:..s\ C))L&T :&7\:.'3\
JULYY e el OF LS™ G Jlally O5ally jenll o IS e JSI) plonsl (o BL3NI 015 (P>0.05) (il o JSUI
R - RC LU |

e Sl SULI e Bhize Laygs SIS Y I 2@l S alemY ULy 3455 g5 f A ol

03 (@asaldl gt Sl (UL IS e oLl AW LSS

107 J Med J 2015; June: Vol. 49 (2) http/ journals.ju.edu.jojmj



