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Sonographic evaluation of normal liver sizes of school 
children in south‑east Nigeria

ABSTRACT

Introduction: Race, ethnicity, and pathologies are some of the factors noted to affect 
liver sizes. Despite several reports on liver sizes of children from different countries, 
normative data on liver dimensions of children remain scanty in our population. 
The objective of this study was to establish the normal values of the liver in healthy 
school children in south‑east Nigeria and to correlate them with body indices. 
Materials and Methods: A cross‑sectional prospective study of 1315 children between 
the ages of 5 and 17  years was conducted. Data on age, sex, and anthropometric 
measurements of body size indicators such as WT, HT, body surface area (BSA), and 
body mass index were obtained. Sonographic measurements of the liver were done 
with the subjects in a supine position. Length was measured after clear visualization in 
the midclavicular line for the right lobe and mid‑sagittal plane for the left lobe, from the 
highest to the lowest points of the liver. The liver span was measured from the most 
inferior aspect of the liver on the right diagonally to the most lateral point. Data were 
analyzed using SPSS version 15.0. Results: Age and all the body size indices correlated 
positively and significantly with the liver dimensions (P < 0.01, P < 0.05). BSA correlated 
best with the liver dimensions. The dimension of the right liver length correlated best 
with body habitus, followed by liver span. Liver sizes in males were larger than those in 
females. A regression model for prediction of liver dimension was computed. Baseline 
data for liver sizes with upper and lower limits at 5th and 95th percentiles, respectively, 
were determined. Conclusion: The liver sizes in Nigerian children were noted to be 
similar to those reported for Brazilians in South America, but larger than the values 
reported in China, Thai, Turkey, and Arab countries.
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Hepatomegaly is a frequent clinical finding in children 
and can be caused by intrinsic liver diseases or systemic 
disorders[4] which include malaria, inflammatory conditions 
like hepatitis, sickle cell anemia, tumors which can 
be primary or metastatic, infection from bacteria and 
parasites, poisons/toxins including ingestion of herbs 
and roots, acetaminophen, insecticide, and mushroom. 
Others include chronic cardiac failure, storage disorders, 
infiltrative disorders like leukemia, lymphoma, granulomas 
like tuberculosis,[12] autoimmune, non‑alcoholic fatty liver, 
malnutrition like kwashiorkor, and trauma. Hepatomegaly 
is a condition that needs urgent further evaluation,[1] and 
ultrasound is usually the method of choice for screening, 
diagnostic, prognostic purposes, and in the follow‑up after 
treatment because of its accuracy and easy accessibility, 
avoids use of ionizing radiation, and the technique is 
non‑invasive and cheap. The importance of early detection 
of children with liver disease cannot be overemphasized 
because it is critical for optimal medical or surgical 

INTRODUCTION

The liver is the largest organ in the body and also the 
largest gland. It has been estimated that between birth and 
adulthood, there is at least a 10‑fold increase in liver mass.[1] 
The size of the liver has been reported to be affected by 
intrinsic liver disease and other systemic pathologies.[2‑4] 
Several studies have been conducted on the establishment 
of normal liver sizes in adults,[2,5,6] newborns and infants,[7,8] 
and in pre‑school and school children.[9‑11]
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intervention. A  study done in Nigerian adults[13] showed 
that liver disease accounts for 7.9% of medical admissions 
and liver cirrhosis and primary liver cancer account for 
two‑thirds of the liver diseases in hospitalized patients in 
a Nigerian hospital. The risk factors found in their study 
include the ingestion of common herbs and roots in our 
environment.

Primary liver cancer or hepatocellular carcinoma is the 
major cause of death by cancer worldwide, accounting for 
over half a million deaths per year.[14] It is the second leading 
cause of cancer‑related deaths in the world.[15] Hence, there 
is an urgent need for the establishment of sets of normative 
values for our environment.

Various methods for assessment of liver sizes have 
been reported in the literature,[2,3,11,16‑19] some of which 
include clinical evaluation by percussion, radiography 
and radionuclide studies, ultrasound, and computed 
tomography. The effectiveness of some of these methods 
has also been criticized.[2,20] Diagnostic imagining techniques 
have been reported to be much more superior to clinical 
examination in determining the size of the liver.[20,21] 
Clinical evaluation by percussion and palpation is flawed 
for its inability to provide precise liver dimensions. This 
procedure can only give gross estimation of sizes with 
very high tendencies for overestimation due to the pleural 
effusion or lung consolidation or underestimation due to 
tympany in the right upper abdomen.[22] Technetium liver 
scan has been criticized for its underestimation of the liver 
dimensions[23] and radiography and radionuclide studies for 
exposure of patients to ionizing radiation.[23,24] Computed 
tomography and Magnetic Resonance Imaging (MRI) have 
been noted to be expensive and uncommon in developing 
countries.[2] Ultrasound and Magnetic Resonance Imaging 
(MRI) have been made popular by its accuracy, affordability, 
and portability.

Race and ethnicity are some of the factors noted to 
affect liver dimensions.[5,9,16] Several studies have been 
done for establishing the liver dimensions of children in 
different parts of the world.[9,10,16,25‑28] Despite the volume 
of normative and baseline data on liver dimensions for 
children in various parts of the world, there is paucity of 
information on the standard sizes of liver dimensions by 
ultrasound in most developing countries of Africa. This 
study was, therefore, designed to set baseline data for 
the liver dimensions using ultrasound for the Nigerian 
children and to determine their relationships with some 
body size indicators.

MATERIALS AND METHODS

A cross‑sectional prospective study of 1315 school‑aged 
Nigerian children (5–17 years) in primary and secondary 
schools was carried out between the years 2009 and 2010. 

The study surveyed participants from selected primary 
and secondary schools in the urban area of Enugu, one 
of the major towns in Nigeria. Sex, age, WT, and HT of 
the participants were measured. With WT measured 
in kilograms and HT in meters, BSA and body mass 
index (BMI) were calculated using the formula:
BSA = (WT × HT/3600)½
BMI = (HT2/WT)

This study was approved by the ethics committee of the 
University of Nigeria teaching hospital, Enugu State, 
Nigeria. Informed consent, describing the purpose of the 
study, was obtained from all parents whose children were 
involved in the study. Only healthy‑looking children were 
included in the study. Clinical exclusion criteria were 
fever, jaundice, macular or maculopapular rash, and 
lymphadenopathy. Imaging exclusion criterion was presence 
of parenchymal abnormal masses. Body WT and HT were 
noted to the nearest 0.1 kg and 0.1 cm, respectively, using a 
spring stadiometer scale.

Sonographic examinations
Measurements of the liver dimensions were done by one of 
the radiologists. Scans were done with GE LOGIC 400CL 
manufactured by GE medical systems  (United States of 
America) with a curvilinear probe of 3.5 MHz frequency. 
Two sequential measurements were obtained for each 
area and their mean was calculated; this is to minimize 
intraoperator variation and ensure greater accuracy and 
reliability of measurements. Measurements were taken 
in deep inspiration with the subjects holding their breath 
briefly. No preparation or sedation was used. The liver 
dimensions were measured using the methods described by 
Kratzer et al.[5] Measurements were made with the subjects 
lying in supine position with relaxed abdominal wall. The 
subjects’ right hands were raised behind the head to help 
enlarge the intercostal spaces and the space between lower 
costal margin and the iliac crest, thereby creating better 
access to the liver. The longitudinal and diagonal axes of 
the liver were accessed. According to the method described 
by Kratzer et al.,[5] and Niederau et al.,[29] the liver size was 
measured in the midclavicular line for the right lobe (with 
the instrument running from the right hepatic dome to the 
inferior hepatic tip) and mid‑sagittal plane for the left lobe, 
from the highest to the lowest point of the liver. The diagonal 
axis of the liver from its most inferior aspect on the right to 
the most lateral aspect on the left was measured as the liver 
span [Figures 1 and 2].

Statistical methods
Data were compiled and analyzed using SPSS 
version 15.0 (SPSS Inc., Chicago, IL, USA). The relationships 
of all the dimensions of the liver with age, sex, WT, HT, 
BSA, and BMI were determined and regression models 
were established.
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RESULTS

Out of a total of 1350 participants sampled for this study, 
only the results of 1315 participants that met all the inclusion 
criteria were used. Of these, 633 (48.1%) were males and 
682  (51.9%) were females. Distribution of subjects by 

gender and age is summarized in Table 1. The subjects’ age 
ranged from 5 to 17 years. Modal age group for both sexes 
was 10 years. The nomogram of liver dimensions by age 
is presented in Table 2. The mean with standard deviation 
and the 5th and 95th percentiles of the liver dimensions are 
presented in Table 2. In most age categories, males showed 
higher hepatic dimension than in the females. Pearson 
correlation matrix of the liver dimensions with age and 
body size indicators have been summarized in Table 3. Age 
and all body size indicators used correlated positively and 
significantly with all the liver dimensions (P < 0.01). The 
right liver length is the liver dimension that correlated most 
with age and all the body size indices; this was followed 
by the liver span. Regression formula for predicting the 
various liver dimensions from age and different body size 
indicators is presented in Table 4.

DISCUSSION

The importance of the knowledge of the normal range 
of values of various viscera in the identification of early 
pathological changes in the size of these organs can never 
be overemphasized. This study has set baseline data 
with ultrasound, which can be used as a comprehensive 

Table 1: Distribution of liver dimensions with 
body size indices
Age  (years) Frequency males Frequency females
5.0 31 23.0
6.0 64 55.0
7.0 63 49.0
8.0 55 44.0
9.0 80 96.0
10.0 101 97.0
11.0 65 66.0
12.0 42 41.0
13.0 33 25.0
14.0 55.0 46.0
15.0 39.0 42.0
16.0 41.0 31.0
17.0 13.0 18.0

Table 2: Distribution of the various liver dimensions by age
Sex Age 

(years)
HT 

(cm)
WT 
(Kg)

BSA RLL 
(cm)

Percentile LLL 
(cm)

Percentile LSPAN 
(cm)

Percentile
5th 95th 5th 95th 5th 95th

Females 5.0 113.5±5.2 19.6±2.3 0.8±0.1 10.2±1.2 8.4 12.2 7.6±1.3 5.0 9.6 10.0±1.7 6.8 12.2
6.0 117.6±6.2 21.5±2.2 0.8±0.1 10.7±1.0 9.3 12.3 7.7±1.3 5.7 9.8 10.7±1.0 9.5 12.9
7.0 125.3±5.7 24.6±3.0 0.9±0.1 11.0±0.9 9.3 12.3 7.9±1.2 5.7 9.8 11.1±1.0 9.5 12.9
8.0 130.4±6.7 28.1±6.4 1.0±0.1 11.7±1.3 9.0 14.3 8.3±1.2 6.5 10.7 11.6±1.5 8.9 14.4
9.0 137.0±6.5 31.7±6.0 1.1±0.1 12.0±1.1 10.3 14.0 8.5±1.2 6.4 10.3 11.8±1.3 9.8 13.6

10.0 142.2±7.2 35.2±7.4 1.2±0.1 12.2±1.3 10.3 14.5 8.6±1.1 7.2 10.6 11.9±1.6 9.2 14.9
11.0 145.9±8.6 37.7±6.9 1.2±0.1 12.4±1.2 10.6 14.6 8.8±1.1 6.8 10.4 12.1±1.6 9.4 14.4
12.0 152.4±7.1 44.5±11.3 1.4±0.2 12.9±2.0 10.4 15.8 9.2±1.1 7.4 11.7 12.2±1.7 8.3 15.5
13.0 155.1±7.4 45.7±13.1 1.4±0.2 13.2±1.6 10.2 16.0 9.3±1.2 7.0 11.8 12.3±1.4 9.7 15.4
14.0 163.2±8.1 54.8±11.1 1.6±0.2 14.2±1.6 10.4 17.0 9.4±1.5 7.4 12.7 13.1±1.6 10.1 15.1
15.0 164.5±6.8 56.1±9.1 1.6±0.1 14.3±1.1 13.0 16.5 9.7±1.2 7.4 11.7 13.5±1.4 10.3 15.6
16.0 165.7±6.7 58.0±13.1 1.6±0.2 14.5±1.5 11.4 16.6 9.9±1.4 7.0 11.9 13.6±1.8 10.7 16.8
17.0 166.7±1.2 58.5±7.8 1.7±0.1 14.6±1.2 12.9 16.7 10.1±1.6 6.1 12.4 13.7±1.2 12.1 16.0

Males 5.0 113.6±5.4 21.0±2.5 0.8±0.1 10.7±1.2 8.2 13.1 7.7±1.1 5.8 9.4 10.7±1.2 9.2 13.5
6.0 118.2±5.3 22.5±3.1 0.9±0.1 10.9±1.0 9.4 13.0 7.8±1.2 9.0 13.3 11.0±1.3 9.0 13.3
7.0 125.7±4.7 25.1±3.1 0.9±0.1 11.5±2.2 9.5 13.6 8.1±1.2 6.2 10.3 11.2±0.9 9.5 13.0
8.0 130.2±4.7 27.6±4.5 1.0±0.1 11.8±1.4 9.7 14.6 8.3±1.1 6.6 10.1 11.6±1.2 9.6 14.0
9.0 136.3±6.0 31.1±4.7 1.1±0.1 12.2±1.3 10.3 14.3 8.6±1.1 6.6 10.3 12.1±1.3 10.0 14.3

10.0 141.3±5.3 33.5±5.5 1.2±0.1 12.2±1.2 10.0 14.5 8.6±1.2 6.7 10.5 12.1±1.3 10.0 14.7
11.0 144.3±6.9 35.4±5.8 1.2±0.1 12.6±1.2 10.5 14.6 8.9±1.0 7.3 10.9 12.2±1.8 9.7 14.9
12.0 146.3±8.7 39.4±9.2 1.3±0.2 12.9±1.4 11.0 16.5 9.2±1.4 6.6 12.0 12.3±1.7 9.4 14.9
13.0 154.2±7.3 43.4±9.7 1.4±0.2 13.2±1.3 11.1 15.3 9.4±1.5 6.2 12.7 12.3±1.7 9.5 16.4
14.0 162.5±6.1 54.6±11.5 1.6±0.2 14.3±2.0 11.1 16.2 9.5±1.6 6.5 12.0 13.1±1.4 10.9 15.2
15.0 166.9±5.3 58.1±12.2 1.6±0.3 14.5±1.2 12.8 16.6 9.7±1.4 6.7 11.4 13.4±1.1 11.7 15.5
16.0 177.1±7.0 64.1±11.1 1.8±0.2 15.0±0.8 13.6 16.8 9.9±1.6 6.7 12.3 13.9±1.1 12.0 15.8
17.0 177.0±6.5 62.2±8.1 1.8±0.1 15.0±1.1 13.2 16.6 9.9±1.5 6.1 13.6 14.4±1.3 12.5 16.6

LLL=Left liver lobe, WT=Weight, HT=Height, LSPAN=Liver span, BSA=Body surface area
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guide to normal liver dimensions for the Nigerian child 
within the age range of 5–17 years. Liver dimensions have 
been reported to vary with races and countries.[8,9,30,31] 
Dhingra et al.,[9] in a sonographic study of Indian children, 
showed larger liver size dimensions in their report when 
compared with a similar report by Jungthirapanich et al.,[8] 
for a sample of Thai children of the same age group. 
In another sonographic study by Weerakul et  al.,[16] also 
on Thai children, they noted larger liver dimensions when 
compared with the report generated by El Mouzan et al.,[30] 
on Arab children of the same age group. Our study reports 
larger liver dimensions compared with studies on children 
of the same age group and body habitus in Turkey,[10] India,[9] 
and Brazil.[3] Liver sizes in this study were closer to the 
values reported for Americans and more than the European 
and Asian counterparts.

Several studies have established sexual dimorphism in 
liver dimensions where males showed larger liver sizes 
than females.[5,27,30,32] While there is no statistical significant 
difference between the various categories of males and 
females in this report, the male liver dimensions were larger 
than those of the females in most of the categories. This 
could be due to the fact that the majority of the sampled 
population was yet to pass through the changes associated 
with adolescent growth. An earlier study on the liver 
dimension of south‑eastern Nigerians by Udoh et  al.,[2] 
which combined both adolescent and adult populations, 
also reported significant difference in the liver sizes with 
larger dimensions in the male population.

Liver dimensions have been reported to correlate in 
various degrees with age, HT, WT, and BSA.[3,10,16,33] Of 
the three liver dimensions studied in this report, the right 
liver length correlated most with age and the various 

body size indicators. This was followed by liver span and 
then left liver length. BSA correlated the most with the 
liver dimensions followed by WT. This observation is in 
agreement with earlier studies by Carpentieri et al.,[33] and 
Weerakul et al.[16] Contrary to these reports, Dhingra et al.,[9] 
Konus et al.,[10] and Rocha et al.,[3] noted U to be the most 
correlating factor in their studies. Sarac et al.,[11] also did not 
find any significant correlation between liver dimensions 
with age, WT, HT, and BSA.

CONCLUSION

We have been able to set baseline data for liver dimensions 
according to WT, HT, BSA, and age categories (5–17 years) 

Figure 1: Picture and diagram showing how the right liver lobe and 
liver span were measured

Figure 2: Picture and diagram showing how the left liver lobe was 
measured

Table 3: Pearson correlation matrix of liver dimensions with body size indices
Parameters Age  (years) HT (cm) WT (Kg) BSA RLL  (cm) LLL  (cm) LSPAN (cm)
Age 1.0 0.881** 0.840** 0.882** 0.675** 0.453** 0.525**
HT 0.881** 1.0 0.875** 0.954** 0.683** 0.471** 0.549**
WT 0.840** 0.875** 1.0 0.978** 0.701** 0.452** 0.569**
RLL 0.675** 0.683** 0.701** 0.714** 1.0 0.523** 0.760**
LLL 0.453** 0.471** 0.452** 0.474** 0.523** 1.0 0.431**
LSPAN 0.525** 0.549** 0.569** 0.578** 0.760** 0.431** 1.0
BMI 0.061* −0.197** 0.0 −0.062* 0.1 0.0 0.1
BSA 0.882** 0.954** 0.978** 1.0 0.714** 0.474** 0.578**
BMI=Body mass index; LLL=Left liver lobe, WT=Weight, HT=Height, LSPAN=Liver span, BSA=Body surface area; *P<0.05, **P<0.01

Table 4: Regression formula for the various 
liver dimensions using the body size indicators
RLL (7.12)+Age  (0.12)+Ht  (0.02)+WT  (0.05) <0.0001
LLL (6.78)+Age  (0.07)+Ht  (0.001)+WT  (0.03) <0.0001
LSPAN (8.01)+Age  (0.04)+Ht  (0.02)+WT  (0.04) <0.0001
[Age (years), RLL, LLL AND LSPAN (CM)], LLL=Left liver lobe, WT=Weight, 
HT=Height, LSPAN=Liver span, BSA=Body surface area



Ezeofor, et al.: Liver sizes in Nigerian children

33 Annals of  Bioanthropology | Jan-Jun 2014 | Vol 2 | Issue  1

for the Nigerian population. This report also has set up 
the limits of these normal values for the categories. The 
relationship between the various liver dimensions with 
age and body habitus has also been studied. From the 
results of this report, a regression model for predicting the 
various liver dimensions has also been set up. Liver sizes 
in this study were observed to be larger in dimension when 
compared with those reported in studies from China, Thai, 
Turkey, and Arab countries.
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