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INTRODUCTION

ABSTRACT

Aim To determine the normative range of ultrasound dimensions for the liver, spleen
and kidneys in healthy children according to gender, age, body measurements, body
surface area (BSA), and the influence of ethnicity on organ size.

Methods The prospective study included children, ranging from full-term neonates to
children aged 15, with normal ultrasonographic (US) findings of the liver, spleen and
kidney and no clinical evidence of a disease. Gender, age, as well as body measurements
and BSA, were determined for each child along with US measurements, and normative
ranges were established.

Results US images of the liver and spleen from 372 children and 366 US images of
kidneys of 366 children were included. US measurements of the liver, spleen and kidney
correlated well with gender, age, body weight and height, and often differed to a greater
or lesser extent from the normal range of measurements (5th to 95th percentile) reported
in other studies.

Conclusion Our results differed slightly from other reports conducted in Europe, but
larger differences compared to measurements performed on children on other continents
were found. Thus, our study confirmed that ethnically appropriate and modern tables of
normal ultrasound dimensions for the liver, spleen and kidneys should be used, and that
the national nomogram is justified.
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centimetre can make a difference between a result of
“normal” versus “hepatomegaly” (2). The clinical as-

Ultrasonography (US) provides a quick assessment of
visceral organ dimensions and is routinely used to eval-
uate organs in children. It is a real-time examination
without radiation and can be safely repeated (1). There-
fore, US is generally the method of choice for initial
diagnostic investigation in paediatric patients and may
detect organ size abnormalities that indicate disease. In
clinical practice, small differences of even just one
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sessment of hepatomegaly and splenomegaly by palpa-
tion lacks both accuracy and reliability (3,4). However,
there are few studies that define the normal limits of
organ dimensions determined by US examinations in
healthy children (5-11). Age, body height and weight
and ethnicity are known influencing factors of organ
dimensions (6). Charts of normal values of ultrasound
dimensions of these organs made on the basis of local,
ethnically adjusted data, are considered the most appro-
priate to use for that population (7-10).

Changes in diet and disease profiles over time also af-
fected children and their development. The prevalence
of obesity over the past decade has rapidly increased,
and severe obesity is a serious public health issue that
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affects a large number of children in Europe (12,13).
Countries from Southern Europe have the highest level
of severe obesity, while in countries from Western and
Northern Europe, the prevalence is lower; in countries
from Central and Eastern Europe, the data are more
heterogeneous (14). Multiple studies have shown a
correlation of organ length with body anthropometric
parameters; however, none of these studies have includ-
ed Bosnian children in recent times. A meta-analysis
performed in 2019 showed that data from around the
globe, including children of different ethnicities, would
be of international value (2). Over time, children's eating
habits have changed, and their physical activity level and
time of entering puberty have resulted in changes in their
organ growth patterns. The average age of menarche in
girls has dropped over the last century from 16-17 years
to 12-13 years (15,16). Contemporary normative charts
should be used in clinical practice.

The aim of this study was to establish the normal US
growth patterns of liver, spleen and kidney length ac-
cording to age, body measurements, body surface area
(BSA), and to determine their correlation and investi-
gate the influence of ethnicity on organ sizes. The study
purpose was to provide practical and reliable charts of
normal values in healthy Bosnian children of Bosnia
and Herzegovina (B&H), assist in predicting changes
and allow for the early identification of abnormal US
findings that require further investigation.

PATIENTS AND METHODS

Patients and study design

A total of 372 children, ranging from full-term neonates
to children aged 15 years were prospectively investigat-
ed. All children were examined by a paediatrician, and a
detailed history was taken, with gender, age, weight,
height and body surface area (BSA) determined for each
child. The study was conducted in the period of 2018-
2021 in the Paediatric Department of Health and Educa-
tional Medical Centre Tuzla and the Paediatric Practice
in Zavidoviéi.

The major criteria for the selection of children included
the absence of clinical (no acute or chronic disease) and
US pathological findings or abnormalities related to the
analysed organs, as well as history without haematologi-
cal, oncological, traumatic or metabolic conditions. Given
that the study was conducted in Bosnia and Herzegovina,
it includes children of the ethnic structure of that area.

Exclusion criteria were children with acute and chronic
diseases (infectious, oncological, metabolic diseases and
traumatic events) that could affect the growth, develop-
ment and size of organs (e.g. viral hepatitis, pyelone-
phritis, haemolytic anaemia, hypothyroidism), as well as
children below the fifth and above the ninety-fifth per-
centile for body height and weight.
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The children were divided into groups by age: 0-6
months (included new-borns and infants up to 5.9
months), 6-12 months (from 6 months to 11.9 months),
1- 2 years (full year up to 1.9 years of age), 2-4, 4-6, 6-
8, 8-10, and 10-15 years.

An informed consent was obtained from all legal repre-
sentatives or guardians of the children participating in
the study. An ethics approval was obtained from the
Ethics Committee of the Public Medical Centre Tuzla.

Methods

Only the children between the fifth and ninety-fifth
percentiles were eligible for height and weight measur-
ing. Height was measured to the nearest 0.1 cm using a
height scale (Detecto, Webb City, Mo., USA). Weight
was calculated to the nearest 0.1 kg with a calibrated
electronic weighing scale (Bilaneia Baby, Gima,
Gessate, Italy; Detecto, Webb City, Mo., USA).

Each US examination was performed using a high-
resolution real-time scanner (MyLabSeven eHD/Crystal
Line, Esaote S.p.A, Genova, Italy) with a multifrequen-
cy 3.5-5.0 MHz convex transducer (AC2541, Esaote
S.p.A, Genova, Italy).

The liver was examined in the supine position, and after
clear visualization, the longitudinal diameter (cranio-
caudal) was measured in the midclavicular plane with
the diaphragm as the upper margin and the lowest edge
as the lower margin. The transverse or ventrodorsal
diameter was evaluated perpendicular to the longitudi-
nal section, from the ventral edge of the liver to the
inner dorsal edge of the diaphragm.

The spleen was examined in the supine or slightly right
lateral decubitus position, starting with the subcostal
sections, and by moving to the intercostal space if a part
was not obtained and measuring where the widest trans-
verse section was found. The longitudinal sections were
acquired by rotating the probe 90 degrees from the
transverse sections and calculating the longest diameter.

The longitudinal diameter of the right kidney was as-
sessed while the child was in the supine and prone posi-
tions for the ventral and dorsal sections. The longest
longitudinal diameter from the upper to the lower apex
was measured. The longitudinal diameter of the left
kidney was determined in the coronal plane passing
through the renal hilum with the child in the supine or
slightly right lateral decubitus position and in the dorsal
section with the child in the prone position. Breathing
was actively used as needed.

All measurements were carried out by a paediatrician
with the cooperation of a radiologist.

Statistical analysis

Descriptive statistics were performed for each age group
for liver, spleen and kidney measurements. The depend-
ence of these measures of organ size on age and physical
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parameters such as height and weight were further de-
scribed by Spearman's rank correlations. The results of
the correlation were interpreted as follows: adjusted
R?values of 0.00—0.19 indicated a very weak correla-
tion/no correlation; values of 0.2—0.39 indicated a weak
correlation; values of 0.4—0.59 indicated a moderate
correlation; and values of 0.6—0.79 indicated a strong
correlation.

RESULTS

The study population consisted of 372 US images of the
liver and spleen from 372 Caucasian children with a
mean (standard deviation — SD) age of 7.10 (4.47)
years, ranging from 0.10 to 14.02 years. There were 166
(44.6%) males and 206 (55.4%) females in the total
sample of 372 children.

Six (1.6%) US images were excluded for pathological
renal findings. Ultimately, the kidney study population
consisted of 366 US images from 366 children, with 160
(43.7%) males and 206 (56.3%) females. Their age
ranged from 0.10 to 14.02 years, with a mean (SD) age
of 7.10 (4.47) years. The median height was 128 cm,
and the median weight was 27 kg. The population com-
prised only Caucasian children (Table 1).

The US measurements of the liver showed the highest
values in the oldest group of children (12-15 years old).

The percentile values of the craniocaudal diameter were
assessed along the medioclavicular line and ventrodor-
sal diameter of the liver (Table 2). There was a strong
correlation between age and body height and weight for
the craniocaudal diameter of the liver (adjusted
R2=0.700; p<0.0001).

Both liver dimensions were, on average, larger in boys
(by 3.7 cm for the craniocaudal diameter and 4.2 cm for
the ventrodorsal diameter).

US measurements of the spleen also showed the lowest
values in the youngest age group and the highest values
in the oldest age group. The results obtained in this
study did not show proportional longitudinal growth of
the spleen by age. The largest difference was observed
between the 5th and 95th percentiles in the 4—6-year-old
group (Table 2).

Spleen diameters correlated more strongly with body
height and weight than with age, with the highest coeffi-
cient correlation for body weight.There was a signifi-
cant gender difference between in spleen size; in all age
groups; girls had smaller spleens (by approximately
4.5 cm) than boys.

The dorsal diameters of both kidneys were larger than
the ventral or coronal diameters. Both kidneys increased
in length with age, except in the groups aged 0.5-1 years
and 1-2 years (Table 3).

Table 1. Descriptive statistics pertaining to height, weight and body surface area (BSA) according to age groups

Age (years) Variable N Mean (SD) Median Min. -Max.
Height 57.00 66.63 (7.58) 68.00 51.00-79.00
<05 Weight 57.00 7.28 (2.25) 7.90 3.10-12.40
' BSA 57.00 57.00 (0.08) 0.38 0.21-0.51
Height 11.00 72.91 (6.47) 75.00 61.00-80.00
0.5-1.0 Weight 11.00 9.65 (1.87) 9.80 6.00-12.50
BSA 11.00 0.44 (0.06) 0.46 0.32-0.51
Height 9.00 81.11 (5.99) 83.00 74.00-88.00
1-2 Weight 9.00 10.81 (1.08) 11.00 8.80-12.50
BSA 9.00 0.49 (0.03) 0.50 0.43-0.54
Height 20.00 98.15 (6.43) 97.50 87.00-115.00
2-4 Weight 20.00 15.18 (3.05) 15.00 10.00-22.00
BSA 20.00 0.64 (0.08) 0.63 0.52-0.84
Height 23.00 111.39 (22.46) 116.00 16.00-134.00
4-6 Weight 23.00 21.74 (4.67) 20.00 15.00-32.00
BSA 23.00 0.81 (0.16) 0.82 0.28-1.09
Height 82.00 126.09 (5.11) 126.00 115.00-138.00
6-8 Weight 82.00 25.96 (4.68) 25.50 18.00-40.00
BSA 82.00 0.95 (0.10) 0.95 0.77-1.21
Height 43.00 135.14 (7.28) 134.00 120.00-153.00
8-10 Weight 43.00 32.00 (7.20) 31.00 21.00-55.00
BSA 43.00 1.09 (0.14) 1.08 0.84-1.53
Height 59.00 148.12 (11.73) 149.00 76.00-166.00
10-12 Weight 59.00 41.71 (9.55) 41.00 19.70-70.00
BSA 59.00 1.30 (0.19) 1.30 0.45-1.74
Height 68.00 160.06 (8.24) 160.00 142.00-181.00
12-15 Weight 68.00 51.41 (16.72) 49.00 32.00-61.00
BSA 68.00 1.50 (0.24) 1.48 1.15-2.85

N, number; SD, standard deviation; min., minimum; max., maximum;
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Table 2. Percentile values for liver and spleen measurements according to age groups

Variable Age Percentile
(years) 5 10 25 50 75 90 95
<05 61.89  62.36 70.45 76.60 84.10 86.28 92.61
0.5-1 5730 58.26 69.80 83.30 84.80 88.32 93.89
1-2 69.50  69.50 70.60 73.40 80.75 94.67 97.98
Craniocaudal 2-4 62.13  63.03 75.15 80.20 91.05 99.15 100.93
diameter liver 4-6 69.48  78.16 82.10 93.30 100.00 11620  123.80
(medioclavicularline) (mm) 6-8 76.79  78.83 86.65 92.50 99.85 108.00 110.00
8-10 7720  79.68 85.00 93.40 100.00 11000  113.60
10-12 8320 91.30 93.80 103.00  113.00 118.00  125.00
12-15 8391  87.53 94.83 105.00  113.75 12210  125.10
<05 4690 52.22 58.05 61.10 69.20 79.82 84.35
0.5-1 52.60 53.44 57.30 65.00 79.50 87.18 90.32
1-2 75.90  75.90 77.35 79.80 86.20 91.12 96.23
2-4 61.31 6745 77.55 89.50 94.45 101.90  102.95
Ventrodorsal diameter liver 4-6 79.86 8122 86.60 92.60 99.30 106.60  109.80
(medioclavicular ling) (mm) 6-8 78.78  84.75 88.30 95.55 102.32  106.00  107.00
8-10 82.18  86.20 90.90 100.00  108.00  114.00  114.80
10-12 8650  92.70 101.00 11000  117.00 128.00  129.00
12-15 9755 10076 10825 11600 122.00 12820  135.30
<05 46.17  48.40 50.15 56.10 64.85 69.68 70.29
05-1.0 47.90 4824 58.50 70.40 73.20 75.44 76.76
1-2 50.30  50.30 55.95 58.50 62.95 79.03 81.22
L 2-4 53.99 57.74 64.20 70.40 75.40 86.10 87.57
(Srf]'rf]‘;” longitudinal diameter ;¢ 63.88 6764 7300 7670 8730 9538 9878
6-8 6756  70.70 77.40 83.30 88.55 94.83 98.90
8-10 69.62  74.50 79.20 85.00 90.90 97.56 99.56
10-12 7340  77.60 87.60 92.20 96.70 101.00  104.00
12-15 8148  83.32 88.65 96.65 103.00  109.02 11155

The diameter of the right kidney measured dorsally
strongly correlated with age, body height and weight,
with the highest coefficient correlation for body height
(Table 3) (adjusted R?>=0.91; p<0.0001). The diameter of
the left kidney measured dorsally strongly correlated
with age, body weight and height, with the highest coef-
ficient correlation for body heigh (Table 3) (adjusted
R?=0.64; p<0.0001).

DISCUSSION

Our results are comparable with studies involving dif-
ferent ethnic groups, as well as with those conducted
several decades ago. Twenty-five years ago, a study was
conducted on a population of 307 Turkish children (17),
followed by studies from Brazil, India, Nepal and Jordan
(5,18-21). On the European continent, a German study in
1983 mainly included Caucasian children (22). Driven by
the premise that comprehensive ranges of normal values
need to be developed, another German study showed that
Central European children had a larger liver in 2020
compared to almost 40 years before (7).

In comparison with the results from Turkey, our study
showed larger liver diameter in children up to 4 years of
age, smaller in children 4-12 years of age, and signifi-
cantly larger in children up to 15 years of age (17).

Compared to studies with children from Nepal (20,21),
India (19), Brazil (18) and Germany (7), significantly
larger diameters of the liver in the children up to 1 year
of age were found in our study. The larger liver diameter
in B&H infants can be partially explained by the lower
average prevalence of low birth weight (5.2%) compar-
ing to other countries, such as Nepal, which has the
second highest prevalence of low birth weight (30%)
according to the World Health Organization (23). Liver
size showed the strongest correlation with body weight
in our study, similarly to other studies (24); however, the
strongest correlation with body height was found in
other studies (17,20,25).

Studies that investigated the size of the spleen and liver
together, or the spleen alone by using anthropological
measurements showed a significant correlation of the
ultrasound dimensions of these organs with body height
and weight (26-28). Most studies showed a significant
difference in spleen size between the genders (29), while
one study showed no difference (27). Studies performed
in children from different countries and with different
ethnicities did not show a significant difference in the
ultrasound size of the spleen similar to that of the liver
(17,20,24). The difference between the diameter meas-
urements of the spleen was smaller than the difference
between the measurements of the liver in our study.
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Table 3. Percentile values for kidney measurements according to age groups

Variable Age Percentile
(years) 5 10 25 50 75 90 95
<05 3840 4912 50,80 5600 5940 6424 68.87
05-1.0 4770 4820 5230 6010 7050  71.92 74.24
12 4690 4690 5365 5800 6040  63.24 79.12
Right kidney length - ventral 24 5622 56.64 5915 6470 6943  79.93 83.64
(o) 4-6 5874 6182 6510 7190 7390 8272 85.76
6-8 6110 6514  69.75 7450  77.65  81.00 83.22
8-10 6973 7176 7588 7960 8350  87.48 90.24
10-12 7686  79.44 8090 8410 8905  93.04 94.25
12-15 8064 8252 8765 9145 9735 10160  107.65
<05 4511 4962 5490 5790 6080  66.08 69.39
05-1.0 4900 4904 5320 6100 7080  72.40 75.37
1-2 5030 50.30 5530  57.00 6035  64.22 80.02
Right kidney length - dorsal 24 5786 5891 6200 6515 7023 8058 83.75
(o) 4-6 6340 6456 6800 7290 7830 8058 87.42
6-8 6825 7078 7390 7700 8100  85.02 89.69
8-10 7345 7450 7888 8255 8698  91.70 92.63
10-12 8000 80.90 8320 8770 9270 9592 99.18
12-15 8354 8491 9188 9470  101.00 10430  106.65
<05 4768 5026 5330 5760 6025  67.02 69.81
0510 5090 5110 5420 5990 7120 7258 74.98
12 5130 5130 5335 5860 6250  64.04 79.26
. 2-4 5882 5945 6345 6710 7165  76.86 80.73
'(-nﬁfnt,])k'd”ey length - coronal ¢ 5928 6500 6920 7480 8010  91.36 93.04
6-8 6974 7030 7405 7890 8210  89.18 92.00
8-10 7085 7535 7948 8380  87.35  90.29 93.40
10-12 7920 8064 8290 8870 9380 9856  102.10
12-15 8114 8489 8953 9445 10000 10460  107.46
<05 4973 5138 5490 5800 6115  69.00 70.73
05-10 4640 4728 5380 5960 7190  72.86 75.23
12 5310 5310 5365 5880 6400  72.22 80.11
Left kidney length — dorsal 24 6048 6200 6525 6870 7305 7917 81.20
) 4-6 6228 6628 7150 7450 8070  88.02 9254
6-8 7021 7150 7540 7910 8340  86.34 89.70
8-10 69.67 7549 7990 8375 8845  93.19 94.06
10-12 7887 8154 8720 9150 9610 10100  104.20
12-15 8565 8727 9253 9670 10125 10530  112.34

Our results are similar to those in previous European
studies, but differed from studies from Nepal and India,
which reported significantly smaller diameters of the
spleen (19,20,29).

Many clinicians still use the normative kidney length
charts from 1984 (30). More recent studies included
kidney length from a Turkish (17), a Hong Kong Asian
(31), an Indian (32), a Nepalese (20), a Saudi population
(11), and an Australian (6) population. To our knowledge,
the only European Caucasian study of children aged 0—
19 years is the recent study of Polish and Lithuanian
children in 2022 (33).

The reports about ethnic differences in kidney size lead
us to assume that the size of the organ may be depend-
ent on ethnicity. Ethnic differences in kidney length
between African Americans and Caucasians (34), as
well as between Asian and Western children (31), and
between Saudi and American children (11)) were found.
The results of our measurements of the right kidney
were similar to the measurements of several studies
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(33), but they differed from the Indian and Nepalese
population (20,32), having a significantly smaller kidney
diameter in all age groups. The European Caucasian
study showed similar results in the infant period, but in all
other age groups right kidney diameters were larger (33).
The most significant predictor of kidney length was stat-
ure height (33), which was found in our study too. Most
of the studies presented the measurements of the right and
left kidneys together or measured only the right kidney,
which may affect the final results and the comparisons
(18,32,33,35). Few studies, such as ours, showed the
measurements of the right and left kidneys separately and
concluded that the left kidney showed a larger mean
diameter than the right kidney in all age groups. Similarly
to the right kidney, measurements of the left kidney in
our study differed most from the Indian and Nepalese
populations (11,17,32). In our study, kidney measure-
ments correlated well with body height (with a stronger
correlation for the left kidney), and better correlated with
body weight; the right kidney measurement had a more
significant correlation with age and body parameters than



the left one. Liver, spleen, and kidney measurements
correlated well with body measurements.

A potential limitation of the study is its applicability
only to the Bosnian Caucasian population, which could
limit the generalizability of the results. However, the
existence of local reference charts provides an undoubt-
ed benefit to clinicians in Bosnia, as well as countries in
the region with a similar ethnic composition.

The global value of this study is in providing data for
comparison and highlighting the differences that affect
the measurements of these organs in children, and thus
the need for local reference values.

Our results confirm the difference on the US assessment
of liver, spleen and kidney size in children reported
from other ethnicities, which led us to conclude that
establishing a contemporary normative chart for each
ethnic group will enable better interpretation of US
assessments in the paediatric population.
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